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ABSTRACT

i

fDver the years, many power supplies and chargers have been built, but this power supply makes use ol

minimum components and the charger is automatic in that it does stop charging when the batlery s

3

et

é!'ul]y charged with visual indicator to help a passer by understand. (Red 1.E.D).

g

i s

The -12V 1o + 12V power supply mects the 95% voltage required at home and in the Taboratories for
!
pormal operations.  The charger could charge batterics requiring less than and up to 12V, such as Car

palteries, it can equally be used to charge other types of batteries.

Fhe theory, design, circuit analysis and block diagrams with values are provided to give adequate

gnh)rmaimn about the design. The circuit was tested and assembled and it performed satisfactorily.
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CHAPTER ONE

1.1 INTRODUCTION

Charging a batiery implics causing clectrons o migrate into the terminals ie (positive and
negative). The electrons are caused (o (low or migrate from a source which is at a higher potential
than the instantancous potential of the battery to b recharged.  The source of the migrating
clectrons is reffered to as battery charger \\'hiéh is usually powered by A.C mains of 230V supply.
The charger converts the A.C into appropriate D.C fevel to charge the battery.

Before this present time, battery chargers were usually made up ol very big transformers with o
power diode for rectification, these types of batteries are very bulky and non-automatic duc to the
clectrical components used in the design. thus. they consume and waste power.

This project intends to divulge into automatic battery charger with over voltage protectiorn. 1t
automatic because unlike the conventional battery chargers which as earlier stated use only
transformer and power diodes. this uses silicon Controfled Rectifiers (SCRO as switches, which
regulates the influx of electron into the charging ports of the battery (terminal).

However, for the SCRs o operate. power supply giving rise to dircet current are quite essential,
The constant power supply has to be rectified to direct current.  The constant power supply 15
sinusoidal in e, alternating from the positive path to the negative path on a Curve-lincar path
when displayed on an oscilloscope. Rectification involves changing the alternating current outp
to direct current out put by continual reversal of i's direction of flow, rising to a maximum valuc
on one direction, dropping to zero. and then rising to maximum in the opposite direction.

To change such an oscillating signal into a unidirectional path, a device is required that allows
current to flow in one dircction but prevent flow in the opposite direction. Such a device is kpown
as a diodce,

If an alternating current is applied to a diode, there would only be conduction during one half excle
giving pulsating but unidirectional output. ‘This is termed half wave rectification. Efficiency result

i both halves of the alternating input cycles were used. This can be achicved by using two dindes

€
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: coupled together; cach arranged to conduct at alternate cycle,  this is termed full-waves
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rectification.
A simply rectified output consist of a scrics of half sine waves, though, it is not smooth.  The non-
smooth nature is duc to variation in power supply which is termed as Ripples.  This ripples
produces intolerable and unacceptable hum in avdio and amplifying circuits. A filter i thus
adopted to smoothen the rectified output. /\‘ filtcr consist of sui‘tablc arrangement of a capacitor
and/ or an inductor with a desirable resistor, the capacitor is charged by the unsmooth ouiput and
stowly discharges until recharged to peak value by the next current wave. This gives rise to dwect
curtent with a reduced amount of ripples. A practically pure direet current is obtained by adopting
an improved capacitor with high capacitive reactance.

Variation in the alternating inpul result in fluctuation in the rectified output. When a constant
output is required, some means of stabilization is adopted at the output. This is done by passing the
rectified output through a device whose conducting propertics are essentially independent of the
input,

in Chapter onc, battery charger and over voltage protection was introduced. 'The charger and the
power supply has a variable voltage supply to cater for both faboratory and domestic ncads.
Literature Review is also made hercin,

Chapter two discusses briel history of batterics, the chemistry and different types of batierics.
different forms of charging is cqually discussed, battery ratings, battery faifure, cffect of
temperature and the direction of current flow in batteries were discussed. Furthermore, the
transformer, rectifiers and thetr various forms i.e. half-wave rectificr, full-wave rectifier and the
hridge-rectifiers were discussed. Filtering circuits and voltage regulators were not Telt owr of the
discussion.

Chapter Three discusses how the power supply and the charger were designed. This chapter is
further divided into sections, section one comprised of the transformer. rectifier and switch.

Sections two consist of smoothening of the rectified voltage and voltage regulators. Scetion three

=)
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consist of the charging scction for the 12V battery charger. the principle of operation and the power

supply were also discussed.

Chapter four discusges the layout, construction and testing of the entire project.

Chapter five is testing, conclusion and recommendation about the project.

Attached is Appendix A: Circuit diagram.

1.2 LITERATURE REVIEW

The design of modern batteries dates back from the discovery by an Halian, Alexandro Volta. in
the vear 1800, he described the first battery known as Volta pite or Voltaic cell. 1t consisted of a
number of cells in series. each made up of a disc ot silver, a disc of paper or cloth soaked in salt
solution. and a disc of zine. The first ccll not subject to polarization was developed by fohn Danicit
in 1836. His cell has negative electrode which was dipped into a dilute sulphuric acid clectrolyte
and a positive clectrode of copper in a saturated copper sulphate solution. The two hyuids were
separated by a porous membrane. A conventional depolarizer was first used in 1839 by Sir Witham

Grove. who made a celt which consisted of a zinc negative clectrode dipped into ditute sulphuric

acid and scparated by a porous pot from the depolarizer-nitric acid- which is surrounded by a
positive clectrode of plantinum. Robert Bunsen Later replaced the plantium with carbon. The

fechianche cell was presented in 1868 by Gerges lechanche.

At first, these cells were principally used to recharge storage batteries or accumulators of the lead-

acid type.

|



CHAPTER TWO

3 A primary cell once discharged, is no longer usable. ‘The chemical action that discharged the
battery cannot be reversed, and the cell cannot he regencrated as @ source of electric powcr.’ The
\ )

! secondary type of battery cell is rechargeable. ‘The chemical action is reversible; the clectrodes and
electrolyte can be restored to the same make up that existed before the discharge. This action is
{ called charging the Cc;ll. The charging circuit must be supplicd h)’/ an external A.C.. voltage source,
{with the cell serving just as a foad resistance. The discharging and recharging of a cell is called
recycling of the cell. Since a secondary cell can be recharged. it is also called a storage cell and a

battery made up of such cells is called a storage batlery.

A cell is therefore considered as being composed of a plate of copper and zine dipped into dilute

which one is positive and one negative sufficient amount of current to recycle the clectrons in the
electrolyte of the cell in a battery. The most common type of storage battery is the lead-acid battery
used in cars and other automobiles. |

2.1 BASIC CHEMISTRY OF THE BATTERY

When the copper and zinc plate of a sinple cell are joined by a wire, the zine siowly begins to
dissolve in the tetraoxo sulphate iv acid, bubbles of hydrogen are formed on the copper plate. Al
this time, clectron drift through the wire from the zine plate (o the copper plate.

This action may be explained as thus: Pure tetraoxo sulphate iv acid has the chemical formula as
H,S04, but when added to water, the S04 group of atoms separate or dissociate from cach hydrogen

H, atom taking two clectrons with them, one from each hydrogen atem.  The hydrogen atom

-atoms are referred to as jons.  The ionization of tetraoxo sulphate iv acid in water can be

represented by:

fl}SY)" —-——)2[[' 4 S().;?'

i ol g s e e
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tetraoxo sulphate iv acid. Thus, the essence of a battery charger is (o inject from both plates of

. therefore has a net positive charge.  In this electrically charged condition, the atom or groups of
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CHAPTER TWO

A primary cclt once discharged, is no longer usable. The chemical action that discharped the
hattery cannat be reversed, and the celf cannot be regenerated as a source of electric power. The
secondary type of battery cell is rechargeable. The chemical action is reversible: the electrodes and
clectrolyte can be restored to the same make up that existed bhetore the discharge. This action is
called charging the cell. The charging circuit must be supplied by an external A.C.. voltage source.
with the cell serving just as a foad resistance. The discharging and recharping of a cell is called
recyeling of the cell. Since a sccondary cell can be recharged. it is also called a storage el and a
battery made up of such cells is called a storage battery.
A cell is therefore considered as being, composed of a plate of copper and zine dipped into dilute
sulphuric acid. Thus, the essence of a battery charger is to inject {from both plates of which onc is
positive and one negative sufficient amount of current to reeycele the electrons in the electrolyte of
the cell in a hattery. The most conmmon type of storage battery is the lead-acid battery used in cars
and other automobiles.
2. BASIC CHEMISTRY OF THE, BATTERY
When the copper and zine plate of a sinple celt are joined by a wire, the zine slowly begins {o
dissolve in the sulphuric acid, bubbles of hydrogen are Tormed on the copper plate. At s time,
clectron drift through the wire from the zine plate to the copper plate.
This action may be explained as thus: Pure sulphuric acid has the chemical  formula as TS0, but
when added to water, the S04 group of atoms scparate or dissociate from cach hydrogen H; atom
taking two clectrons with them, one from cach hydrogen atom. The hydrogen atom therefore has a
net positive charge. In this clectrically charged condition, the atom or groups of atoms are referred
to as ons. The tonization of sulphuric acid m water can be represented by:

H:S0;, —2H' + S0,
As zine atoms dissolve from the zine plate. they go into solution in the form of Zine 1ons Zir', cach

of which leaves two electrons behind on the plate. These electrons are the source of the electron

.
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As zine atoms dissolve from the zinc plate, they go into sotution in the form of zinc ions Zir', each
of which leaves two electrons behind on the plz-uc. These electrons are the source of the clectron
current which goes through the wire from the zinc to the copper. We may think of the zinc ions as
being attracted into the solution which could be described by saying that the zinc dissolves in the
tetraoxo sulphate iv acid to produce zine sulphate.

This is illustrated in the Figures below.

See Figure 1:ab.c.d.

The Charging process

PbO> + 20180y R Ph

(l’osilivc plate) (iilectrolyte) (Negative Plate)

The Discharge process

PbS0, 4 2H0 + PhS0)y

(pusitive plate) (Electrolyte) {Negative plate)

Usually, when zine dissolves in acid, internal molecular energy is produced and the solutions gets
warmed. 1o the simple cell, the action of the acid on the zing results in(thc production ol clectric
cnergy. At the same time, as the zine fons enter the solution Irom the zine plate, an cquivalent
number of hydrogen ions will leave the solution and deposit themselves on the copper plate. tHere
they receive an celectron from the copper, become neutral atoms and are liberated to form gas
bubbles.

When a simple cell is in use, it is found that the current rapidly falls to a very small value. This
defect results from the formation of a layer ol hydrogen bubbles on the copper plate and is called
polarization of the cell. If the zinc used in the simple cell is of the impure commercial variety.
bubbles of hydrogen will be seen coming off the zine. This is called local action and must not be
confused with polarization, which is the nume given to the Tormation of hydrogen bubbles on the
copper plate. Local action is caused by the presence in the zinc‘ of small impuritics such as iron or

carbon which sets up the tiny local cells at the zine surfaces. Bubbles of hydrogen are given off

I5
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current which goes through the wire from the /inc‘ to the copper. We may think of the zine 10ons as
being attracted into the solution which could be deseribed by saying that the zine dissobves i the
sulphuric acid to produce zinc sulphate.

This is illustrated in the Figures below.

Sec Figure t:ab.e.d.

The Charging process

PhO), | 201,80, t b

{ Positive plate) (Flectrolyte) (Ncgative Plate)

The Discharge process

P'hse), [ 2110 f PhSO),

{positive plate) (Flectrolyte) (Negative plate)

Usually, when zine dissolves in acid, internal molecular energy is produced and the solutions gets
warmed. In the simple cell. the action of the acid on the zine results in the production of eleatric
cnérgy. At the same time, as the zine 1ons enter the solution from the zine plate. an equivalent
number of hydrogen fons will leave the solution and deposit themscelves on the copper plate. Here
they receive an clectron from the copper. become neutral atoms and arc liberated to formy gas
bubbles.

When a simple cell is in use. it is found that the current rapidly falls to a very small value. This
defect results from the formation of a layer of hydrogen bubbles on the copper plate and is called
polarization of the cell. 1 the zine used in the simple cell is of the impure commercial varicty,
bubbles of hydrogen will be secen coming ofT the zine. This is called local action and must not be
cottfused with polarization, which is the name given to the formation of hydrogen bubbles on the
copper plate. Local action is caused by the presence in the zine ot small impurities such as iron or
carbon which scts up the tiny local cells at the zine surfaces. Bubbles of hydrogen are given off
from the tpuritics and the surrounding zine slowly dissolves in the acid.  This can casily be

prevented by cleaning the zine in the sulphuric acid and then rubbing a small globule of mercury
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from the impurities and the surrounding zine slowly dissolves in the acid. This can casily be
prevented by cleaning the zinc in the tetraoxo sulphate iv acid and then rubbing a small globule of
mercury over the surface with a small piece of cotton wool. The mercury dissolves pure zine out of
the plate and forms a bright coating of zinc amalgam all over the surface. The local action will not
occur since the amalgam covers up the impuritics and prevent them from coming in contact with

the acid.

2.2 TYPES OF BATTERIES .
i Laclanche cell

i Dry cell

i The lead-acid cell

iv Alkaline battery

The first two are examples of primary cell while the fast two are examples of secondary cells.
23 CHARGING A BATTERY

Charging a battery means causing clectrons to {low into the negative terminal. In the Car this is
performed by the alternator. A battery may also be charged using a battery charger. The charger
converts the AC into the proper DC voltage level to charge the battery. A battery has certain
internal resistance. These include: the resistance of the plates and connectors and the resistance
offered by the electrolytes. The resistance offered by cl“cctrolylc is greater at lower temperatures.,
Therefore, at low temperature, a battery offers a greater resistance to charging current, When a
battery charger is connected (o a battery, the charger voltage (which is applicd to the battery
terminals) is equal to the internal voltage plus the voltage drop across the internal resistance. This
is stated as thus:

CV=1LV+V.d

Where C.V = Charger voltage;

LV = Internal Voltage of the batiery

V.d = Voltage drop across the terminals of the Battery.

[6
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over the surface with a small picce of cotton wool. The mercury dissolves pure zinc out of the plate
and forms a bright coating of zinc amalgam all over the surface. The local action will not vecor

since the amalgam covers up the impuritics and prevent them from coming in contact with the acid.

2.2 TYPES OF BATTERIES
i Laclanche cell

" Dry cell

i The lead-acid celt

iv Alkalinc battery

The first two arc examples of primary cell while the last two are examples of sccondary cells.
2.3 CHARGING A BATTERY

Charging a battery means causing clectrons to low into the negative teeminal. In the Car, this s
performed by the alternator. A battery may also be charged using a battery charger. The charger
converts the AC into the proper DC voltage level o charge the battery. A baliery has cerlain
internad resistance. These include: the resistance of the plates and connectors and the resistance
oftered by the clectrolytes. The resistance offered by electrolyte is greater at Tower temperatires,
Pheretore, at low temperature, a battery offers a greater resistance to charging curvent. When a
battery charger is connected to a battery. the charger voltage (which is applicd to the battery
terminals) is equal to the internal voltage plus the voltage drop across the internal resistance. This
is stated as thus:

CUV -1V d

Where CV = Charger voltage;

LV = Internal Voliage of the battery

Vid = Voltage drop across the terminals of the Battery.

The voltage drop = /R, is caused by the charging current / flowing through the internal resistance R,
this is found vsing Ohms™ faw. The internal voltage ol the battery varics with the state of charpe.
When the state of charge is low, the internal voltage is low: similarly, when the state of charge is

high, the internal voltage is high. Thercfore, when a battery is Tow in charge. it accepts more

17
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charging current hecause of the greater voltage difference between the charger and the internal
voltage. When the battery is fully charged. it will accept ondy a small amount of charging current
hecause of the smaller voltage ditference. Hence, a battery tends to self-regutate s discharging
current.  Because of the internal resistance of the battery. heat is generated when a battery s
charged (17 FR). 1f the charging current is too high. the battery can be damaged by over heating.
When a battery is being charged. the temperature of the clectrolyvte should never go above 12571
(51 7¢).
Some charging methods employed include: constant current, constant voltage methods, booster or
high rate charging and trickle charging o‘r stow rate charging methods.
CONSTANT CURRENT CHARGING:
A charger of this type generally ecmploys a rectifier. The rectifier may be ol gas {illed bulb
type or series of copper oxide or other chemical drives. The rectifier also incorporates some
form of rheostat to adjust the amount of charging current as it conforms (o the hattery
manulacturers recommended values. 1 batteries of different ratings are being charged i
series, the charging rate should be divided by the battery with the lowest rating. 11

somchow, the rating cannot be determined, the battery may be charged at the 1.5A rate.

CONSTANT VOLTAGE CHARGING

The constant voltage charging is operated on the principle that as the battery nears its
charge, the terminal voltage increases.  This type of charger is nothing but a motor
generator-set. The generator may give 7.6v for 6v battery and it could give 15v for [ 2y
batterics.  When a battery that is in a discharge condition is connected to the generator, a
high ratc of chzlfgiv1g current witl flow into the battery. As the battery nears its charge. it's
ferminal voltage will increase with increase in opposition to charging current. Thic mcans
that the charging current Lapers off as the battery approaches the charged condition. 1 s

note worthy that this action is based on the assumption that the battery temperature docs not

»
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temperature of the clectrolyte so that it is prevented from excecding 50%¢. Typical 60411
Car battery having an clectrolyte specific gravity of LSO with a 40A current rate could

require one hour for charging.  The charging thne will be less with higher clectrolyic

gravities. Hence, the charging time will be hall” an hour for an electrolyte with 1145
1.200 to 1.225. when the clectrolyte specific gravity reaches 1225, a completion charge rate
should be given to the battery.

A battery shovld not he subjected to more than 5 10 times fo high rate of charging s
lite time otherwise. its lile span will reduce considerably. In addition, new batteries shonld -

not be charged by this process.

2.4 FFFECT OF TEMPERATURLE ON BATTERIES

High temperature increases the chemical activities in a battery. in high temperature ar as ( tropical
arcas), batterics are manufactured with an clectrolyte that is weaker in acid. The batteries life is
fengthened because, the weaker acid is less deteriorating to plates and separators.

At tow temperatures. the effectiveness of a hattery is greatly reduced. As internal resistance ol a
battery increases, the chemical activities is retarded.

2.5 BATTERY FAILURFE

Battery failure can be classified as over charging. cycling. sulphation and exteraal short circuit,
Thete are other failures which could result from causes outside the battery; taiture such as improper
voltage regulator adjustment, defective generator, loose battery mounting, baltery terminal

COFFOSION elc.

Sometimes, it would be necessary to open up the battery to determine the cause of tailure.

2.6 THE POWER SUPPLY

Electronie system requires a source of D.CLpower supply except in the case of battery powered
(portable) equipment, the A.C mains (240V_ 50117) must be connected to the appropriate 1D.C

voltage. This is performed in a power supply unit (PSU)Y which usually comprises ol a transtormer. :

20



rectifiers, filters and voltage regulator. The first three stages bring out an unregulated or “raw™ D0
supply. The unregulated supply is not ol high quality. its D.C output voltoge can fall quiet
significantly with load current demand and it is super imposed on the mean D.C voltape, an ALC
component (or hum) at a mains-refated frequency.

2.7 THE TRANSFORMER

in a power supply unit. the transtormer is the component which converts (or transforms)y the A.C.

mains voltage (o a higher or (usually) lower ALC. voltage. Fundamentally, a transformer congists off

two cotls (ar windings) inductively coupled by a maenetic core. The put winding catled the

primary winding whercin the incoming mains voltage is fed Land sceondly. the output winding.

called the secondary side or unit where from the transtormer A.C voltage s fed out. The ratio of

the primary 1o the secondary voltage is equal to the ratio of the number of turns in each winding.
This is shown in Fig. 2

2.8  RECTIFIERS

The wave form of the transformer secondary voltage is bi-directional and sinusoidal. To convert
this A.C. as mentioned carlier involves usually  the use of onc or more siticon diodes selected (o
handle the required voltage and current. The cssence of rectification is to ensure that the incoming
ALC ains fram the output of the transformcer s converted fo an aceeptable fevel ol voltage, tws,
the voltage is required o be converted to a D.C (dircet current) fevel. The rectifiers are of different
kinds as:

i Half wave Rectificr

i Full- wave Rectifier

ii Bridge Rectifier.

These dilferent types of rectifiers are adopted to realize different results. 1t is mention worthy that:
The bridge rectifier is a combination of both the half wave rectifier and full wave rectitiers with the

constituent diodes properly biascd.

di
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2.9  HALF WAVE RECTIFIER
The circuit in figure 3 (ab) assumes a sinusoidal voltage Vo S at the sceondary ol the
transiormer and a rectificr diode is connected in series with a resistive load across which the outpui
direet current (A.C) is to be developed.
In cffect. the secondary of the transformer is acting as a voltage gencrator and the voltage delivered
{0 the circuit will be shared between the diode and the load in the circuit.
Where Vo= Fpt TRy,

Vy, = diode instantancous voltage drop

I = instantancous current
When V is positive, the diode is forward biascd henee. Vi is smadll at a peak value of about 0.6V
and current is delivered to the Joad. When V is negative, the diode is reversed biased, and sinee
reverse bias resistance is very much greater than Ry, the instantancous voltage drop across the
diode is equal to the applicd voltage V. Only small teakage current flows to the foad and the cffect
can usnally be ignored. The wave forms are shown in the figures presented. The average voltage is

ctven by integrating the positive half cycle over a complete cyele.

210 FULL WAVE RECTIFIER:

By using a second diode, connected as shown in Fig. 4 (a,b). It is possible to have current Howing
in the load resistor for the whole of the put voltage cycle. The cireuit basically consist ot two
half-wavce rectificrs that conduct at alternate hall cycles.

The transformer secondary has a center tap so that during the first cycle of input voltage. the diode
12y conducts and the resulting current flow and voltage across resistor R is the same as that for the
half wave arrangement.

During the second half cycle of input voltage. the diode D, conducts ., while Dy is off, providing
current low through and a voltage drop across Ry as before. The wave form is shown in the figure

here presented.
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The voltage developed is given by:

Ve - 200(Fp - V) = 0.03 70Vp - Ppvolts

The amount of ripples is reduced compared with the circuit of half wave rectifier.

211 THE BRIDGE RECTIFIER:

The full-wave bridge rectifier does not require a centre-tapped transformer, the cireuit is s shown
in the figure here presented ie fig.5 (ab.c.d).

During the first positive halfeycele. when point A is positive with respect to point B, diodes 1)- and
. conducts while diodes Dy and Dy are reverse biased.

As shown, the transformer winding is always connected o the foad but the sense of connection
reverses with cach reversal of the alternating input voltage. Fhere is a voltage outpuat stk to that
of the full wave rectifier but with a peak outpul voltage equal to the peak input voltage of the
secondary, 2V, volts. since two diodes arc conducting in series for cach input half-cycle. The
resulting wave form is shown as presented in figure 6.

‘The half-wave rectifier is simple but its average DC voltage output is low with considerabie ripple.
The vipple component has a frequency of the same value as the input wave form e S0H7 if mas
supply is used.

The full-wave and the bridge rectifiers both give improved average dircet current voltage levels
with reduced ripples.

Rectification is applicable obviously in direct current power supply. 'I‘Igcﬂ(f are numerable, but
include most clectronic gadgets, electrical traction, electrolysis and battery charging, radio, T.V and
in amplifier circuits.  The type of amplifier and the natwre of the associated smootinng and
stabtlization circuitry depends entirely on the intended application of the resulting supply of power.
For small power installations such as domestic radio receivers, the semi-conductor diodes and the

vacuum diode are the principal rectilying clements.

13
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212 FILTER
At the output of the rectitier, the voltage is unidirectionat i.e it is cither positive or negative with
respect to earth, depending on which way the diodes are connected. But. it is by no means
constant. It contains harmonics of frequencies. The ripple can he lavgely filtered (smoothenedy as
shown in the figores below (fig.7).
2137 SMOOTHING CIRCUITS:
Capacitive smoothening:
The simplest way to smoothen the voltoge output of a rectifier 1s Lo minimizc the nipples and
give a better approximation ol'a D.C voltage. This is achicved by using capacors in
paratlel with the resistive load as shown in fig, 7(b). The effect of adding a capacitor is o
prevent the output voltage from falling to zero as the diode cuts off. During the positive
half-cycle ol input voltage, the diode conducts and its Torward curvents will low (o charge
the capacitor. The ()ulpulvvnltage and the volfage across the capacitor become maximuny.
When the diode becomes reversed biased. since the voltage across the capacttor is grater
than the applicd voltage., the capacitor now begins to discharge through the foad resistor By
Thus. the voltage across the capacitor and hence, the output voltage falls exponentiatly with
atime constant £ sceonds. ‘The instantancous voltage across the capacitor and toad al any
time during the period the diode is cut offis given by:
o (bp Ve T volis)

H the time constant = ('R, is chosen to be much greater than the period of the supply wave

form, then the capacitor will not loose much of it’s charges before the diode conducts again
and restore the output voltage (0 its peak value once more. Voltage and current wave form
are here in presented. From the wave fors, it can be seen that the output wave form
consist of a mean value Vac upon which is super imposed a ripple voltage. The peak value
of which is:

Vripple = (V,- Vi ) - Vac.
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nple > C s reduced by
From the figure presented. it would appear that the ripple voltage could be reduc \

. PR TR TR W . . wothd
increasing the time constant, so- that the copacitor (' discharges more slowly and wounl

M . O I enrees g e Al‘hc
thevetore not have fallen by so much when the input voltage again causes ' to charge

time constant may be increased by using large value of (. However, there is a limit w the
upper value that ¢ can accommodate. Since the diode only conducts when the input voltage
ic greater than V. then the lower the ripple voltage the smaller the time available to
recharge the capacitor. The current pulse delivers the required toad current (since the mean
current passed by the diode must equal the load current). This value could be exceaded 1
the value of (' is too large. causing damage (o the transformer or diode or cven both.

When the diode has charged (7 to a peak vatue. this value is maintained at - Fyroso that the
diode must be able to withstand a P17 (peak inverse voltage) of approximently 217 The
maximum reverse bias voltage which a diode can withstand is usually specificd by he
manufacturer. so that suitable diode can withstand safely the peak inverse voltage ot 2Vp
sclected.

Full wave rectifier can be smoothened in much the same way as for a half=wave circuit with
small but important difference listed here under:

Ripple voltage for full and bridge rectifiers circuit is at twice the frequency of the half wave
circuit. Thus. the discharge time is rf:ducc(.l by half-wave cireuit, while the ripple voltage
reduced equinlly by half.

In full-wave circuit, cach diode alternately charge the capacitor and when the diode
conducts, it must pass enough current to charge C toit’s peak value, since the capacitor will
discharge less in the full-wave circuit. Then the peak current through cach diode i fexs
(approximately hall the value of the half-wave).

The peak inverse voltage for the full wave is 2Vp and for the bridge rectificr is 2Vp. To

caleufate the output A.C. voltage and the peak value ot the ripple voltage is not casy.

i
E
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Referring to the output wave form of fig.6(a.b). for a hall wave rectificer. it con be scen that the

) i again at an angle of /7 2 vadk he fall
diode conducts at an angle of O radian and cuts offagain at an angle o {7 2vadian. the b
i voltage afier the diode cuts off is cxponential and continues untit 27710 O radian fates
when the diode conducts again. the process is repetitive. The output wave form may be

simplificd without two much foss of accuracy as presented in figure 7 (h).

RECTIFIER AND CAPACITOR RATINGS

in circuit design, it is important that components are selected not just by value but by their
maximum voltage- current and power ratings as well, Otherwise. component failure could
oceur. Rectifier diodes and simoothen capacitors are no exceplion.

fn a bridge rectificr. the maximum reverse bias on cach diode is equal to Fmax, the peak
secondary voltage. for a hatf-wave rectifier and a full-wave rectitier using two secondary
windings. the maximum reverse bias voltage is twice the peak secondary voltage. The peak
inverse voltage (P1V) rating of the rectifier should exceed these figures.

Rectificr diodes have three current ratings indicating their ability o withstand ditferent flow
of current loads. The mean forward current, the peak repetitive current and the peak non-
repetitive current. FI"or full-wave and bridge rectifier circuits, the average current per diode
is one half of the D.C output current. In a half-wave rectifier. the single diode carries the
{ull current. The peak repetitive curent is the peak current cirenit required in every cyele

or half cycle to charge the smoothing capacitor and provide the toad current.

REGULATOR

The sccondary/ primary voltage ratio is not sustained as current drawn by a load across the
secondary is ancreased. This is due to losses; magnetic (or ron fosses) arising from eddy
current in the core and copper losses as in the resistive loads and the vesistance of the wire

used in the core. The fall in voltage duc to losses is called regulation. commonly defined as:

Qo




Regulation = Vg, (IN('(X). Ve (min)/ Ve (max) X100%
Where Fde (max) = the no-load sccondary voltage and Fde(min) = the voltage under uli
foad. 1t is usual for a transformer secondary voltage to be specified at the full load current
which is calculated from the quoted VA(power) rating and secondary voltage.
The regulation curve is shown in the figure below - The curve shows that Py, (min) ocewrs at b 0
and V. (max) occurs at the maximum value of 1. deally, Vg should not vary with charging load
circuil, this suggests a horizontal straight fine of vatue V. (max) on the graph. In practical circunt
application. the same output resistance of the power supply could cavse problems. since signal
voltages could appear across the power supply and find its way 10 other signal circuit causing

possible oscillation due to feed back. Athigh signal frequencices, this is nota problem, since the

shunt capacitor of the rectifier circuit appears as a short circuit at these frequencies.
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CHAPTER THREE
3.1 DESIGN AND CONSTRUCTION
32 POWER SUPPLY DESIGN
The bleck diagram shows typical D.C power supply which includes the ioHowing units,
transtormer, rectifier, Giter: voltage regudator
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33 TRANSFORMER:
A transformer is an electrical deviee which is made of cotls swound around o magnetic core ;
makes nse of the principle of clectromagnctic induction to wansform clectrical energy from one coi :
to another at different levels, In this project. a step down centre tapped transtorier of 24V s wed
1o provide the necessary voltape required in the circuit.
i
N,
The cenier tup transtormer used in the construction of this praogeet, \

Forasinusoidal input voltage, the flux @ varies alternately e @ b, Siner

The imstantancous voltage in the primary is due (o Faraday™s Taw:

L= dDNydt = 21N Dpgy Coswt_——— ]

where w = 21

Yhus, Fipe = 2U1°N; Dy or the ranus, value of ) is:
B 2HENG @ IN2 =444 Ny 2

Since the flux is the same for the primary and sccondary winding, the secondary voltage and ¢
current could be derived from:
L Eou/ A AN oy Dy o ANy Doy Nows N
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,‘/vvml‘/ "lur Nnul,« Nm

Thus, Vew - (Now Nu) Vi 3
Where Vi is the input voltage

V. is the output voltage

N, is the number of turns in the primary winding

N, is the number of turns in the sccondary winding

D,y max is the maximum fux in the secondary winding

@, max is the maximum fux in the primary winding

F o is the e.mufvalue of the secondary winding

1, is the et value of the primary winding
And

/ " /Vm =] ot /lel

lnul = (Nm / /Vnul)lm ) o
Where I, is the input current

Ly is the output current combining cquation 3 and 4,
l’v,;m/’!"!n - Nunr-/}'VW = /m / Im_ e e 3

The transtormer ol fig has pents: Primary voltage is Vo, 24V, Secondary current is Ly,

1000mA
From ! "m / Vmu = Jom /1 n
Or /m ,.—”"’ ont "/"/.m
That is I (24X 1000)/240 100m|

The transtormer ratio o can be calculated by:

! "nn.’//’ ! 'm ”VUIH/NIH = ';’,‘H,)v/?_4v - ‘ u

21
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14 RECTIFICATION
Rectification involves the conversion of AC 1o DLC with the application of rectifiers. A rectifier is

an electronic device which offers resistance to the flow of current in the positive direction (known

as forward bias) and resistance to low of curreat in the negative direction (known as reverse bias).
Rectificrs may be used to carry oul hatf or full wave rectification depending on the application. In
this project, we shall be concerned only with full wave bridge rectifier which in cssence allows the
flow of D.C current in the output throughout the alternating cycles of the input signal. A conunon
type of bridge rectifiers is made of four discrete diodes arranged in a bridge form.

The rectifiers are connected as shown in figire helow,

Lrg B

Iull bridee rectificr nsed i the construction
Diodes Dy and Dy conduct alternatety (A) while 1> and Dy conduct on the negative hatf ovele

alternately (13). Both conducting cycles drive current to the foad in the same direction.

,0 %_

ea |

(u Input wave form shewing the conduction cycle

30
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(h) Ouiput wave form shoveing the condnction

3.5  FILTERING

The filter is required to smoothen the pulsating D.C output of the rectifier. Various types of filters
arc built using a combination of inductor and capacitor or cach single one in combination with
resistor,

However a single capacitor in parallel with the output from rectifier performs the required hitering
action. The capacitor stores energy during the conduction period and delivers it to the foad during
the non conducting period, hence time of How through the load is profonged.

In this project. two capacitors are used for filtering, the first capacitor is used to filter a posttive 1)
volts while the second capacitor is used to filter a negative 12 volts. ‘Those two capacitors must b
Large enough to store sulticient amount of energy to provide @ steady supply of current. otherwise,

the output voltage will drop as the load demands more carrent.

. [

—— -
g

Iig Shows two capacitors used in filtering V12 and <121

The approximately output wave form can be represented by the figure beijow.,

L

i showing the approximated ouiput wave form

31
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The capacitor used to filter (+12v) is 50V, 2200pf capacitor. Its pick 1o pick ripple voltage can he
calculated by the equation below.

Vpp = ITC where = 2200uf, Bur 1 = 14

V= 1 where f - mains fiequency - SOHz: 1/30;

Vpp o (14 X 20X10°)/2200X10°) O

The capacitor used to filter (-12v) is 1ov. 470 pf capacitor it’s pick to pick ripple voltage is:

Vpp 11O where C =470 pf o1 - TAL

Vo L= 1/50H:z,

bpp = (JA X 20810 )/(H70X10°) - 42.55¢

3.6 REGULATION

Regutated power supply can be obtained by using a voltage regulator circuit. A regulbator i an
clectronic controf circuit which is capablie of providing a near constant D.C output voltage evun i
there are varations in foad or input,

In this project an integrated circuit voltage regulator 7812 and a 7ener diode (12v) are provided for
regulating the supplies.

7812 Voltage Regulator:

The aim of this integrated circuit is to reduce the variations to yero or at least 1o the minimum
possible value.

The minimun input voltage is 14v and the maximum input voltage is 35v D.CL the owput is 1120
D.C.

Zener diode 12v

In this construction, the zener diode is used o reduce the variation to zero of the negative 12v. This
16 achicved by shunting the diode between [2v supply and the ground (GND).

The L.E.D.

Hts aim is to indicate that the power supply is on.

o
o

o,

. O
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Figure above shows the circuit of the power supply indicator nemwork.
The voltage across silicon diode is 0.7 ¢ The current flowing in this network is:

!PI/‘

bt

..

—

l- (Vee - 0.7) 1k C2v - 0710008 - 001134
The 12v zener diode has the following characteristic:

Ve o 12v P- - 300mw, Tolerance 5%

The sener diode current 1, can be deduced from the equation:
Pz Vo owhere Pois the power rating of the zener diode and V- jt's voltage rating).

Lp./y., = (B00X100) 712w = 0.0254; I. == 25m.1

The zener diode internal vesistance R, is:

From V- LR, Ro= 1./l 12v(25X10°Y) - 0 4882

37 SUPPLY INDICATOR NETWORK

This network has two components:

| A limiting resistor
I is a color code resistor. From the B.C.G book the vange of current for the T o be
protected is 10 to 50Ma, the voltage across the indicator network is 12V, Therefore, the
resistor range for the diode to be protected is 12V750m4 to 12V/10mA, that is 2400hms 10
12000hms.

I ts a color code resistor of 1K€, Uts use is to limit the current that has to fow in the L1,

The targer the value of the resistor, the less the brightaess of the 1D But it the vadue of

the resistor is not enough o limit the current, the 11D could be destroyed.

€
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383 OVER VOLTAGE PROTECTIVE DEVICE

i is 1 ovoltage protective device wi Hollowing sections.
The block diagram below is for the over voltage protective device with the following

™ Operational l'rofective Lowd ]
R ) S - .
amplifier witch tharzry) | |
(ud7.41) o T
Indicator (1KQ
Resistor and
LED)
Iig.  The operational amplifier uA741
This operational amplifier has five basic terminals that is, (wo inputs terminals, one output ferminal
and two power supply terminals,  The signtficant of other terminals varies with the ivpe of
operational Amplifier
The uA741 used in this project has eight pins
| Pin 2 is the inverting input terminal
2 Pin 3 is the non-inverting input terminal
3 Pin 4 is the negative power input terminal
4 Pins 5 and | arc used for D.C. offset
s Pin 6 is the output terminal '
6 Pin 7 is the positive power supply (+12)
7 Pin § is not connected.

i A B Ry
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L Fig 13 Showing uA741 in the civcuit of this project

The reference voltage Vi could be Tound by voltage divider theorem

Vier = (1K) (1REY + ThE) XV Where 1o~ (collector voltage = 1.2v)

Vye = 1hQ/(2kE) X (12v) - 6y
The 5082 variable resistor s setin such a way that the pin 3 o uA741 is connected af the middie e
of this resistor. So F,, (input voltage to the non inverting teaminab)can be caleutated.
Voo = 25 k& 25 k82 + 25 kS2) X (12v); but Voo Vips 1237 6v = 2v V= 6v ;

:
WV, Fsthen, V=« (Vo = 2) == (12 2) = - 10y
Where Vo is the output voltage from the op amp

Buat when the battery is fully charged, Vi, will be greater than V.

Fo o tdbee 20+ (12-2) - 10y

This is achicved because of offset done by connecting pin t and pin 3 to a 10kQ variahie vesistor
and the 10k variable resistor is connected to the negative supply (-12v). And also the brasing wae
done by connecting pin 7 to the positive supply (112v) and pin 4 to the nepative supply (<12,

The double IN4OOT acts as one way “valuc™ to current flow. i.¢ it allows current to flow in one

direction only. So Vs constant even it the battery is charped.
y b

Z Fully Charged Indicator Network.
It uses the same components for power indicator network

When the battery s fully charged. (Fin = ) or Fooo v there will he voltage across this

network and the 1.5, will come ON.

35
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Fig: showing the circuit of fully charged indicator

The voltage across a silicon diode 15 0.7v

The cureent Howing, in this network can be caleulated by:

I (10 -0.7) /1000 Q2 = 0.00093.4 = 9.3m.A
Protective Switching
Very often, most (ransistors are used as clectronic switches. With the help of such swiichies
a given foad can be tumed Qn or Ot by a small signal. This control signal might be the one
appearing al the outpur of digital togic or a microprocessor. The power fevel of the controt
sighal is usvally very small. It is incapable of providing enough base drive to switch a
transistor On or Of1 henee the transistor s made 1o switch the toad,
When using ZN2222 as a switch, two levels of control signal are employed. With On level,
the transistor operates in the cut-oft region (open) where as with the other level, it operates

in the saturation region and acts as a short-circuit.

\'d N

\f
1
z
|

Fig: Switching transistor and Relay used in the circuit

From LCG hook, from the circuit, Ry 3300 ) 1y = 1o (Op amp) = [0v
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The base current Iy can be found from the equation

l'/; -V l/;R/c , ll{ (- "'IHI;)// RI} .

Ip (10v - 0.7v) /33082; = 28mA

The collector current e can be obtained (From EGG book B = le/ Iy awhere fis d.c current gain
:mdvis cqual to 200)

So, fo = Py de = 200x 28mA - 5600mA 1= 5.0A

The relay coil resistance is R which can be caleulated from Voo 1R,

Re = 12v/5.64 ~ 214382

The diode IN40OT is a free wheeling diode used as a protective device.

Whein the batlery is charged, current will flow through the mductor of the relay stormg enerey
init. When this battery is disconnected and uncharged. the current in the inductor must drop
rapidly to zero producing a strongly negative voltage transient in the inductor ol the relay. The
encrey i the inductor is thus dissipated in the diode.

39 THE RELAY

Relays are cleetrically controlled switches. T the usual type, a coil pulls in an armature when
sutticient coil flows. Beceause it is important to keep the battery isolated trom the circuit, relays orc
uscltul to switch the cirenit while keeping the control signal electrically isolated.
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CHAPTER FOUR

PRINCIPLE OF OPERATION OF THE CHARGER

4.1 PRINCIPLE OF OPERATION OF THE POWER SUPPLY

— e
| S 1 ’ | e
| | s

Vv /T r et
<}'v7cu\’— l Z“S
]

g the poeer supply of the charger
Phe power supply is designed in such a way that both positive and negative voltages are obtained.
Flis is the reason why a center tapped transformer is used.
This transformer., after tapping down the incoming voltage (240V from NEPA), provides atits
outpit positive 12V and negative 12V alternating voltage. Both positive and negative voltages AL

has to pass through an clectronic device circuit which is composed of four (4) disercte diodes

arranged in a bridge torm as shown i figure above,

wite and Dy to point X. This is termed as bridge rectification,

Now the output voltages are not A.C.. but pulsating 1Y.C which needs to be smoothened. o order
to do su, two capacitors are placed in parailel with the output of the rectificr. The SOv. 220u1
capacitor is used to filter the positive voltage and the 1ov, 470pV is used to filter the negative
voltage.

The required filtering action is performed when the capacitors store energy during the conduction

pertod and deliver it to the circuit during the non-conducting period.

23

When point X is positive with respect to point Y (positive hallUeycles current floaws throueh diode
Dy positive 12v wire, negative 12v wire and throngh 15 10 point Y during the neeative hatt cole

when Y ois positive with respect to x current flows by wav o D; positive 12v wire, negative 10y

e i B



[ intions. o reduce these variat O 7ero or
vhe two output voltages from the filters have some variations, To reduce these vartations fo 7t
e - . L . ! > .‘. Avv
i feast 1o a minimum value, the tvo output voltages have 1o pass through a regulatar. The positive
'jg('ylta;:c is regulated by the 1.C. 7812 while the negative voltage is stabilized by a 12V zene diode,

§\mw both negative and positive regulated voltages are obtained.
s
]

U L

T

4.2 Principle of operation of the protective deviee
| |
| » el U
EE‘_“" . i 1 4
|

T

] )

L
| W

Fig. : Showing the protective device of the charger

1

As shown in the figure above. the regulated positive voltage (Ve = 12V) is established across the

two resistors of 1k, That is, the halt of Fi (Vi = Vi /2) 15 established  at the inverting input {pim

2y of the amplificr.

The V., also supplics voltage to the operational amplifier at pio7. U passes through the dicde, 98 6
the cotl of the relay and ends at the first contact of the relay. The pole of the relay is conneeted fo
the positive plate ol the battery. The sccond contict of the retay is the SOKQ vanable resistor. Vhis
reststor 15 set i such away that the hall of established voltage across it will be establishod aceoss

the non inverting input of the amplifier. The other pin of S0k variable resistor, the two resistoss

(1K) network. the indicator network. and emitter of the ransistor (ZN2222) are grounded.

The same ground 1s connected to the negative of the battery. The biasing and the ofiset of the
amplifier are done by supplying negative voltage (-12) to pin 4 and the variable resistor (10k0)

which is connected to pin | and pin 5.
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té\/hcn discharged battery is connected at the terminal ol the charger, current flow from the 7142
;( passes through the diode D5 and reaches the first contactor which is connected to the pole of
?\t relay. This pole is connected to the positive plate of the battery. The charging vollage is

sstablished across the battery while charging.

When the battery is Tully charged (12V). the diode D3 blocks the du‘rcnl low to feed back the two

esistor (1kQ2 cach) network subsequently, current flows through the wire, and established voltage

preater than V. across the SOKQ variable resistor network. Phat is a voltage greater than Vo /7 is

e,

established at pin 3(non-inverting input).

{Since the now inverting voltage is greater than the inverting input voltage, the amplificr eperaies

§ and gives an output voltage, Vi

Vnu! = Vcc -2=10V

The L.ED will come ON and the 10v across the TkQ  resistor to saturation and acts as a closed
switch,  This makes current to flow in the coil of the relay. The llow of current will produce 2
magnctic cficct which disconnects the pole from the first contact of the relay thereby disconuecting

the battery trom further charging.
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CHAPTER FIVE
ﬂ CONSTRUCTION AND TESTING
{‘hc construction started first by designing the component tayout for the charper and the circuil was
ilh'il\\"l\ on a papet. Afer all the components were assembled. the circuit was built on a single bread
hoard. After confirming that the circuit was functional. the circuit was translerred on to o vero
ﬁm(\rd.
A 1 pin dual-in Bine socket was used to plug the operational amplifier into the clremt. The use of
the LO socket tacititates the troubleshooting of the 1O as it can be removed for checking.
The LO socket was first soldered on the board and then using the 1.C pins position as o pinde the
hest fayout was determined. The other cotmponents were fixed on the bomd i thetr varions
positions. Before soldering, proper checking of component connections was done. The capacitars
were chiecked 10 be sure that they filtered properly.
The relay was mounted at the end of the Vero-board since it was the last component betore the
positive ternvinal which should be connected to the battery for charging. Vhe wire that shoukd be
connected to the negative terminal of the battery s fixed on the ground connection. Three wires
that should he connected to the output of the transformer were fixed at their various position:,
Afier adt this work, all the components weve soldered cavefully,
During the first test the circuit did not operate correetly. Alter troulﬂcth)ti;ngz_. the two varabaes
resistor (SO and 10k€), the zener diode and the amplificr were discovered (o be defective, Hhies
were replaced  with non defective ones. Before testing Tor the second time, all component< and
wires were checked caretully again. The power supply 1o the wires was also checked to be sure
that the necded voltages were supplied.
When everything was sure to be intact. the circuit was energized. The two L.4.Ds came ON and
the relay made a click to indicate the disconnection of the wire that should have been connected to

the positive ferminal of the battery.
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1 discharecd batiery was connected to the terminal of fhe charper, the preen TR went OV aed

. . . . . . TN P R ,
e relay made a click to indicate ihe connection of positive tenninal, The refay made a clich e

Hicate e disconnection of the battery as soon as battery is fully charged and the gieen 1t

?mc ON. The voltage across the battery was 12y, Since the circuit was operated appropriatety.

12 CONSTRUCTION:

N wooden case of 20cm x 13em x Hiem was constructed. Two wholes were made for the two
hdicators, 'The various boards and the transformer were carciully incorporated i the case the

by aceess to the inside of the case is the top id that was secured hy two small serews,

R3  RESULTS
The results o1 tests conducted on the charger have been mentioned alrcady in the construction and
Hesting unit but for purpose of :n’kli'_lg more. second time mention of it will be well.

TWhen cverything was ready, the circuit was powered. the two indicators came ON. A claiped
jbattery was connected to the output teeminal of the charger, the two indicators came ON but the
relay made a click to disconnect the battery lrom the charger.

When a diseharge h‘."lllcry (i voltage < 12v is connected, the green F0D goes OFE and volay by,
a chek o connect it after two howrs, the green indicator comes ON and the refay omahes o ik
disconnect it. The battery voltage was increased up to 12v. Now, when a discarded battery was
connected. the green indicator st came ON but no chick was heird [rom the velav, this mcans this
this battory can not take charge

§4  CONCLUSION AND RECOMMENDATION

Having tested all the stages, it can be seen that the battery charger and the power supply can boe
achicved from basic clectronic principle using BITs. SCRs, varable resistors. nteprated  Cireudi
ele

The objective ol the project is thus, achieved. It is tested and functioned very satistactorily,
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g( can thus be recommended that: for further project work, other means of monttoring the voltage of

There is no fear of overcharging or undercharging since there is an LE.D visual indicator and the

poltage level could be pre-selected.

4 the battery can he used.

5.5

L Rl b sy

The project could be moditied and vsed to charge different types of batteries including car hatterics,

REIFEERENCES:

tasley WD and Freedman “Merit. Students Encyclopedia™, Macmiflan  Educationa!
Company, New York, PPTO-14. 1982,

Gifbort, WL “Lincar Integrated circuits, Pigman Publishing (4d.. Fondon. W.C 25 AN
P g, - 1988,

Ganic VN and Micks T.G. “The MC Graw Tl band book of essential enginecring
miormation and data™ MC Graw-Hill inc, Phillipines pp2 - 149, 1991,

Stottman, M.S, “The new ilustrated science and invention encyclopedia (207 ine west part

Connect cut Marshall Cavendish 1id.. pp237, 1987.




CIRCUIT DIAGRAM OF AUTOMATIC BATTERY €
~ PROTECTION

SZS{

7812

To Battery
o

' -
7. 2200uF @ g g
D6




