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ABNTRACY

Phe design of an AUTOMATIC VOLTAGE REGULA

TOR WITH DIGITAL
EMSPLAY AT THE QUTPUT is siruple and precise,

Pl
(Y

e oas g means of safe-guarding
ces that are sensitive to vohace

.’.“

> fustuations and thus gives a consiant output of

120w regardless of variation in juput voltages. The desired constant ou past of 220v was

voliage

*;3

secomplished through the use of Auto-transformer whose tapping provided the different

- fevels at the input and a 12v ac w

which was reciified 10 12v de o power the cirewl, A
quad-10 LM324 compares the varfation at the inpu volisge supp

¥. The output of the
comparator controls the swirching olveuit; transistors and relays. The relay coutacts opens
and closes in relation 10 the sensed input and switches 1o the constant output of 220v.the
digital dis

play af the outpa was accorapiished via the wse of the delay 10 535 thmer who

tput tripgers the logic IO whose output controls the displ

vy of the common anode
contiguration of the seven seament display of 220v outpu

The cirout! w

gonstant 220v w

as designed and constructed, and upon tfesting at various mput voltag
as displayed,

o
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CHAPTER ONE

1.0 INTRODUCTION

“Necessity s the mother of all Inventions™, For most electricsl devices 1o perform fo is

o

optimal capacity, the need for steady power supply cannot be over-emphosized. Power

supply for electronic circults is mest conveniently obtained from comumercial e lines by

ot

using rectifiers ~filter  system known as a due power supply

¥
The sectifier-filier combination constitutes an ordinary dw power supply. The d.e voltage
from an ordinary power supply remaing constant so long a3 a0 mains vollage or load i3

5
H

unaltered However, in many electronic applications, it i desired that do voliage should
remgin constant respective of changes v a.c mwalns or load. Uinder such situations, vollage

regulating devices are nsed with ordinary power supply, This constitutes regulated d.o power

supply and keeps the d.o voltage at fairly constant value,

The institution of Fleotrical Fngineers (BF Ropulations stipadates that for safe milization of
b o

slectrical energy. the fluctuations in noninal supply volinge st any tme must not exceed
6%, The inconsistency in supply voltage falling below 190V or vising above 250V,

s

representing o fluciations of abow 20% which is highly inimical to many voltage sensitive
devices that tolerste a Hitle degree of supply voltage fuctuation to function waximally.
Undep-veltage or over-voliage puls sovere streas on slectronic components. The effect
secelerates the conditions under which a device gradually weskens, bocomes marginal and
finatly wears out.

Untold damages results in all electronic and olestrical applinnces as well a5 devices such a5

computer systems, prinfers, stanners o are mostly atfected by ove revoltage sttuation.

e




Simifarly, motoy driven equipment that required high current are hampered by under-voliage
such loads meludes atr-conditioners factory driven planis, refrigerators oo,

In order to prevent the havoe occasioned by freguent fuctustions in our power
supply, the need for automatic voltage regolator {AVRY is pertinent in ovder {0 susisiy the
durability and reliatdlity of electrical and electronic devices w a predesigned specification i
1o maintain the output voliage steady at 220V
The aniosmiatio voitage regulaior 18 a short oyt 1o stable power supply. The under-voliage and
gver-voltage proteciion are both achieved by surtably biased ransistors as the case arises,

Bapid Quctuations seniously shorten the usefud Hlespan of gll electrical and elecuronic
EquIpment.

¢, ithen switches the output of

An swtomatic voltage regulator monitors the in

s

the device to the transformer tap that gives a constant 720y onipat with no peed for external
agent. Thus, the undesired voltages as a result of over-voitage or under-voltage at the input of

the regulator is controliod 10 a safe voltage lovel ot 220y,

>
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Automatic voliage regniator provides proteciion from under-voliage.

of voliage Huchnations, Automanc voltage
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strges, lightening and all &

reguigtions ave most usefud o this part of the continent (Africal.




Aatematic voltage regulnior provides profecticon from under- oitags,
aurges, Hghtening and all forms of voltage fluctustions. Awtomatic voltage
regulations gre most useful in this part of the world.

AVR s used to vegulae the inpw vollage ofs life-supporting

machines, in howes and offices. The incorporation of the digitel display at the

L9

putput is 1o enbance precisions and accuracy af the output vollage of 220+

o

constantly.

1.1 OBJECTIVES
The objeciives of this project are to provide a regulated voltage supply o elactro G
devices and appliances at the required raie without Huctuations and ¢ means to guide
apanst SUrges,

The digital display gt the output i 1o ensure accuracy and prociston af the standard 220V

a.c. that vequired for st appliences.

1.2 MOTIVATION
tn an ordingry power supply. the voltage regulalion iy poor ie., do outpul voltage
change appreciably with load current. Moreover, oalput voltage alse changes due 1o
variations in the aput a.c voltage. This is due to the following:
o practice, there are considerable variasions in a.c line voltage caused by ows sde
factors bevond ouy control; this changes the d.o outpul v ohiage of most electronic circuits,
Flectromic cireaita will refuse fo work satisiactorily on such outpus voliage fh RIGHIA TR N

this necessitates the use of reguiated posvar supplies. {1

Lad
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This project s borm-ouxt of the need for steady power supply © elevtronic and electncal
devires and to oqually serve as o guide agaist damages to electronio cirouitry due o

incessand power fluctuations as well @z outages which are not healthy 1o compulers,

hospital equiprnent that veguires steady supply.
P

1.3 METHODOLOGY

The construction of AVE with digital disploy at the ontput termingl requires an aulo-

iransformer which provides the unvepnlated voltage supply and under the switching of

=
£ k>

Sl v :

redavs (33 in conjunction with (2} transistors o give the regulated standard 220V at the

f“"‘
ank
oy
Lo

output, The digital display was achieved via the use of delay (timer) and the log

which serves 85 ¢ quad-iaioh

1.4 PROJECT QUTLINE

The project is made up of five chaplers, of which chapter one is the nfroduction, chapter
two comprises the leratore review as well as the hiswrical backgroond, the block
dingram and theory of operation of the circuil. Chapter throe Is the design procedures and
analvsis of the project, While chapter four contains the construction, festing and

discussion of the results. Chapter five inchudes; the conclusion. the recommendatinn and




CHAPTERTWO

2E LITERATURE REVIEW:

The location of electric power goperaiing station in distant areas from the
consumers made the problem of volisge repulation veore commuon. Thas, vears of stady
and rescarching by great muinds bas rovolutionized the development of transforner, Bome

vears back Ceorge Westing House intreduced the A.c transformer 1o help tackde the

toe:

E
<
(43
i
]

Faed

posver putages, vollage drops and electvical storms, surges el

Through A.c wansmission and distribaiion, slternating voltage can be increased or

1

decreased deperdding on the mode of operations. I Migeria for instance, about 1IKY is
genergted from the hydro-station which is then step-up 1o bigher voltages of 132KV by

vansformer and later step-down to the reguired machines and all sorts of appliances.

The first attempt to shiain a good sutematic vollage regulator enaploved a
motorized system controlled by a control cirouit 1o change the taps on the secondary of an
auto-fransformer in order 1o step~up when the input i low or step-down when the voltage

inpas ix high,

Wi X3 L

The motorized technique sncoutered some shortomings and upheaval which includes it

zase to wesken and wear-off due to the gy changing mechanism that i3 purel

A

$Lu2 4

mechanieal in operation. i was noi cost-offective and above sl it was bulky, {improper

contacts between changer and gps).

I£341

Another notable approgch that was introduced was the resonant-ciroult voltage
regulator which involved a few components such as inductance of o ransformer, coupled

with & paraliel inductance and capacitive resonat when the line voltage is below the

(¥4




vaied vabhue, less current is drawa by the inducionce and the paralie] circuit becomes

capavitive

The capacitive current drawn through the wansformer raises the output voltage if the he

s

voltage rises asbove the rated valoe, the paralie! circud! combination becomes loss

capacitive and the ontpoy falls balow the line voltage.

I demerits were; ¥ performance is fregoency dependent; B was bulky and was lator

Wak

replaced by the repulated 4o vversion autoratic voltage regulator

Further research lod to the regulated doo output from the power supply 15 inverted

sing push-pull tnversion. The principle of switth-mode power supphies to applied. B is
then stepped-up 10 the reguired constant a.c ontput vollage asing a ransformer. The
output of the sysiem 15 a square wave a.c voltage which is filtered to obtaly a pure
sinaaoid. This method resnlted in very good regulation. The svatom i5 uot heavy byt very

expensive and it complexity surpasses the rest approaches owards attaining automatic

voltage rogulator.

The phase controlled muomatic voltage regulator replaced the regulated do
inversion automatic voltage regulator, In this system, the load is commocted in series with
the voltage controiling deviee which is wsuslly silicon control rectifier (SURY. Voliage
control is achizved by triggering the silicon control rectifier at g phase angle as

determined by the control civouit in such 2 way that the voltage across the Ioad conpected

1o the output fermainals is regulated 1o the desired value

This approach responses fast 1o voliage foctuations ar the output, This approach i not

expensive and not heavy but the sutput voliage waveform i usually distorted,

\/
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The advancement in technology has led o the imtroduction of the transistorized

gutornatic volage regulator, It resulted from the reviewing of the motorized AVR. The tarpet

was to reduce the bulkiness and improve the response time of the regulator. The pure

mechanical tap changer 1n the mnorized AV R was replaced by 2 miniaiure

bed

clectromechanical relays as the tap changer and the wansistorized control cireudt belp to

achieve the target. The sysiom use high voltage relay to switeh between the taps on the high

iage sude of the secondary of the wanstormer, and the low-voltage relay 1o switch between

.<-‘

the taps on the low supply vl + the wansformer. There i a control cireuit which

detgrmines whoethor the low supply voltage 1510 be stepped-up 10 the rated value or the high
supply voltage stepped-down to the rated valoe of the cutpnt, The carrent drawn is detected
by the Ioad and the position of the relay contacts on the iap of the tragaformer i3 detected by

the conten! curoudt, It has a redoced size and Highter but v short-comings inclodes a fairly

good percentage regulation,
HAPPROACH:

In the carly 190605 g now field of micro-clectronics was borm primarily 0 meet the

reguirements of the military which wanted smaller sizes of their electronie eguipment 10 one-

tenth, The led 1o the development of micro-clectronic ctronits known as integrated cireuts
(M0 which arg pretty small in sizes.
18 Kilby was the first to dovelop and 1O in 1958, 3 single monolithic stlicon chip 1o
which active and passive elements were fabricated by successive diffusions and
depositions. He was followed by Robert Novee who successively fibricated a complete

IC including the interconnzctions in g single silicon vhip.

The merit of the 10 approach includes:

-3




o

«  hetter response time, extreme reliability, low power consumption Le low voitage amx

9

c*c

current consumpiion, sonsitivity to voltage Hlocmations, reduced sixe. Hght weight,

cost efferiive and spare-parts avatlability s

~ -~
4 V

for this design IC used inchudes; LM324, NESEE Timer. Logic 1C TA2LET79.

2.3 PRINCIPLES OF OPERATION (AVR)

-

Ar AVER consists of two undts;, monitoring nnit and the regulating unis.

The monitoring uait perforns the following functions;

1 it detects and measures the change i the nput voltage of the regulator.

b

Tt produces a signal t© operate the switching unit,

the switching unit receives signal from the measuring unit and acts to correst the output

voltage of the regulator to a constant predetermined value with least possible Variaticn.

Sometimes. a third unit called amti-hunting unit is aiso used io provide smooth regulation

without hunting or continual fluctuations.

I a true AVE, the two basic units namely the monfioring unit and the switching units
can be separstely identified. In many civeuits however, the two units canno be distinguished
These simpler units are usually called voliage stabilizers. This constituies another significans

Jifference between muomatic vollage siabiiizers. These volage stabilizers find intensive use

in elertronic devices in spite of the fact that the accuracy of swmbilization obtained is usually




Z2ZTHEORY OF OPERATIONS

nx,

When the ofrcuit s connecied (o the maios supplying aboot 240V the voliage Is reduced

or step-down by the aute-transformer rated at 12V (), this voltage from the autoe-
transtormer is rectified by the full-bridge rectificr. The rectified output voltage is filtered by 2

pacitor U1 to romave ripples from 1 and it §s passed through the rogudating cireuit

IS
=
2

consisting of a zeney dinde which st the veference voltage at 5.2v d.o another capacitor € 15

connectzd anross the zener dicde to further remove the axisting ripples that have sscaped
from the fltering section of the cireuit,

3

The comparator section ia made up of a quad [ LM324 fimcetioning as comparatms

one for szasing high voltage and the other for sensing low voltages. A& step- dows

g

unregiiated doo voltage 15 gpplied to the nen-inverting positive {ve) input of the

E:

comparator] for sensing high lovel above 220V and a reforencs voltage corresponding 1o

=

v X4 >

the normal voltage 13 fed into the wnverting {ve 3 inp of the op-amp. The unregulaied
power supply is fed inte nen-invarting fnput of the comparator 2 while the reference
voltage is apphied o its inverting input for sensing voltage level below 220V, The

o

switching circuit {s the main control unit for the device while the voltage lovels serve as

ey

the control signal for iggering az well as vontrolling the transistey switching and, relays
which fu furp i3 connected 1o the delay circuit as well as the logio cirouit to the display

ot

Thers are three maln conditions for the operations of the switching cirouit. They are;

",“/

1. When the supply voltage rises above 220V

[e.
£

When the supply voltage 15 normal at 220V




There are three main conditions for the operations of the switching cirenis. They arel

i, When the supply voliage rises ghove 220V

B

. When the supply voltage 13 normal at 220V

3. When the supply voltage ts below J20V

When the mains supply voltage vises gbove 220V, the change in the voltage is

-

reflocted by the varizble vesistor Vi (Vi The comparaior | compares the voltages ¢

s 7

inpats, YR and the fixed referense voltage Vi ot the cathode of zener diode,

Since the refereuce voltage is highly notentigl thet is positive {ved with respect 1o the
reflected vollage sensed by Vo, the output of comparator 1 logically swings the output to the
negaiive rail of the comparator Comparator! is configored i inverting mode this make the
outpnt inveried to the positive rail and the base of transistor T,y will be at bigher putential
causing the emitter -base region {0 be forward based. the collector current Hlows o activate

relay RLT and the normally open contact of the relay closes o the voltage level

approximately 220V, under the sarme condition the output of comparator; falls low sinee s

o

b3 X

inverting input Veer is greater than Vi, Howevar, there is g Hmited current to turn Ty into
operation bence relay coll RL; renaine in Hs de-energized condition antll when aniwy
condition emerges

When there is 4 supply voltage of 220V, there will be no current flowing o the base
342

of the transistors Tuy and Tay which implies that both fransistors will remain in their cuteg

states and the relavs are not energizad.

19




2.3 BLOCK i}i”a{;RAM OF THE CIRCUIT
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CHAPTER THREE

3.4 DESION AND IMPLEMENTATION
3.1 THE SUPPLY UNETS DESIGN

Eleetronica circuit nesds power o work. In most case the enargy is provided by g
cirouit calied the power supply. A power supply falture witl affect all of the other clrouts.
The supply 15 the key part of any electronies systeny, Fower s supply use rectifier diodes 1o
convert alternating current 1o direct current {d.a

iy this desige bridge rectifier was ssed. This civcult achieves full wave rectificaiion
erithout the use of centor-taped transformer, It employ the use of fonr dindes {4) connecied in
an arrangerment that iooks similar to a Wheatstone bridge virous it. The cathode load is from Dy
and B3 are connectad 1o form the positive suput tenminal of the clrenit while the anode lead
of 13y and D are commented ngether to form negative ovlput of the cirowit 1]

3.2 RECTIFICATION AND SMOOTHING CIRCUIT

The urregnlated d.o power supply contains a rectifier an g filter circuit.

in the reverse direetion. The variable a.c voliage is recrified dwough » rectifier ciroult wsing o

full wave bridge rectifier as shown below.

A rectificr must be able 1o pass current with ease into the forward direction and binck its fow
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FIG.2 FULL WAVE BRIDGE BECTIFIER

DESIOM SPECIFICATION

LN,

cormposition Type Part mumber Usage Max. Operation current,

Aaud veverse voltage

LW

Dhade

Silicon NGOG0

Kectifivation 1A, S50V

33 SMOOTHERING ORFILTER NETWORK

The outpnnt of the full-wave bridge rectifior is 2 pulsating vollage. Fn order 1o
reduse the pulsations, 2 filter network is used  This s made up of a single electrolyiic
capacitor {10001 connecled aeross the load werminals This capaciior is chosen large
enough o provide accepiable low ripple voltage awith voltage rating sulficient to handle the
-

vorst egse combination of no load and high lne voltage |

Sad




with voltags

worst rase combination of no toad and high line voltage

d.e power supply is called "RIPPLE™.

Capacitors gre energy storage devicas; they can take a charge
charge o g toad. {2}

The capacitor operaies o a simple fashion during the
charges 1o the peak applied voltage when the voliage drops; the

& -

I

voltage bt with variation called " RIPPLE
The effectiveness of a capaciior filier s deternined by;
1. The size of the capacitor

> of the foad

¢ betwesn pulsations {1}

Calenlations

A capacitnr value of about 1000UF ts used in ovder t give the

The regctance required is paloudated;

s aryd then larer deliver thy

through the Inad. Since electrolytic capactior is used, it will charge quickly when the diode

are forward based, and discharge through the load slowly. the

Rines the reotifier is 2 full-wave bridge reciifier, the frequency |

raring sufficient to handle the

Pulsating ¢ i3 not pure because 1 contgius au .o component. The a.c component in &

Pilter s used to remove tipple thus producing a smooth wavelform thet will approach that

sroduced by o battery, by connecting capacitor across the ouiput.

,»
-

input cyele, the capacitor

& gapaciior iz discharge d

&
3

. .
veltage 15 nearly a steady

i a0Hr

reusired smoothering.




Henee a close value of 2,763 was chosen as the Hmiting resistor

Currers through the capacitor =2aft

e T SO LO00Y 10 12

34 REGULATION

The d.o output voltage can change for several reasons, the a.c volinge might inorease or

“this happens the sutput d.o voltage increases or deoreases proportionately to the

el Y

input change.

LES SWITCHING /COMPARATOR CIRCUIT DESIGN

L3241 is & guad 10 which consists of two independent vollage Comparamrs %

,...,‘

operates from a single power supply over a wide range of voliages The comparator SATCULE 18

designed io compare voliages from sensing civzuit which is fed to the non-dnverting input

against a refrence voltage, which is fed 1o the tverting input of comparator through a

o .
vidtage divider network

3.5.1 SENSING CIRCUIY

The seasing eiroudt inan AVR measures the changes in the main supply and the

'
v

outpot is compared agelnst a reference by the comparator eirouits, For this desig

&5

53, T {4

variable resistors measure the varfations In the nain d.o sopply in the form of potential

difterene




[

f.2v reference volags

Fig. 3.2 zener dinds veference

-

Zener diode referance voltage, Veel = 6.2V

Power rating = 500 mW

= {6mA
Carrent through Rz fe 1k$E resisior is
Ry = (Vo - YrefyR2

= {12 - 623/ 1k&2

The gain of the comparator

A= -RERIn =220k

Adinsting the variable resistor Vg from (1 -10K42),
Al the madrmm value of Vi of 10k€2

Yoltaee through the non-inverting toput of comparaior { Vopl,

ped l
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wltage swings between {4V - 17V)
when Vvl =

af minima vaiue Yepl

The gain of comparator 2, Ay = 220

This is the maximum input voltage at the inverting mpu tenminal,

Varying the variable resistor Yz, the mininun resistance to seb the fnput voltage 15 xero,
therefore, the in put to the nverting torminal ranges from (0 - 8V

To turn - off the comparstor 2, the nput voliage must be = 62V which is the reference

vOltage

i8




o,

Totum —off comparator 1. the voltage 1 the non-mverting mput must be betwesn

AT

-

360 SWITCHING CIRCULT

P

The ooip of the comparsior s wsed o control the eeiiching cirenit which comprises
both the fransistors and the relays depending onthe changes in the npul supply The switeh
sctuably makes or breaks the olectrical ciroutt depending on the cuiput of the comparators or
which comparator is oporating at & given tme depending on the sensed voltage. [¥

3.6 SWITCHING ACTION OF 4 TRANSISTOR

The switching action of a wansistor is shown in the figre | below indicating the cuipm
characterisiics of a typical transistor for g commnn groiter configuration. The load-hae 5

Srawn for load Re and the collector supply Voo, The characieristios are arranged in thres

regions: OFF, (W or aaturation and gotive region

i

fig, 14 characteristics of trapsistoy

1




1, OFF tent-off) region, when the inpod base voliage Is 2evo or negative, the ransisior is said
o be in OFF condition. In this condition I+ 0 and the collector current is egual 1o the
collecior leakage V.. the value of L can be obtained from the characieristic, 'V 38
known,

Power toss = output vollage ™ output carrent

Power loss = V%

Sinve b, 18 very soall as coropared to full-load current that flows i the ON ot
porwer Joss is small i the OFF condition I means thet the ansistor es ¢ high efficiency as
2 switch m the OFF condition |
2, O oy sgturation region pwhen the input voltage s made so much positive that collector
uration collector current flows the transistor (v satd 1o be in the ON condition Jn this
condition, the saturatinn colleCtor curvent s given by
fsaty = (Vo Yimsy /R

Power loss = cutpul voltage ™ outpul current

The cutru voliage in the OM st s egual 10 Vige and output current is lofsat).

Power loss = V

Again the efficiency of tansistor as a switch in the ON state {s high. 1t 1s becanse the povey

foss in i ion: 15 golte fow due 1o the small vidus of Ve

3, Active region; The OFF and O regions are the stable vegions of operation. the ac e
region i the unstable or (transient) region through which the operation of transisior passes
white changing frora OFF state to ON state n figurs — above fine A s the active region

e sellector current increases from lozo o Ie{sat) along the path AR as the transistor 18

beg x

cwitched ON and vice verss when the transisior is switched OFF 18]




37 RELAY

by
LS 53

A relay is anelectromagn

;0 S

mrn s used 1o contred other devices connoected 10 Hs outp

3
%

automatic switching i electrs

& oo

1.tk
2. Magnetic switch.

¥
kY

proporiional to the amount of curvent Bowing through the coll. This cau

attached and opening or closiog contact atfached to sox

magnelism as currend seizes Howing through the coil
it

Relayva normally having 8 thne ey

deterpines the speed of opergtion They are avasiable

sup ot

ch e most cases are

FRT S
for dho o e exol

ing the input, which in

st Belavs form the simplest form of

Wy s

When electric current 18 passed through s coll, & magnetic fizld is formed around 18 which iz

G f31%
S8 an av

TREUE 10 D

& point

springs which

bk

ration and co

voliages ranges from 3V 230V For this design three (3) relays 12V are wsed.

The primary use of relay is i remote switchin
civenit glecirically isolated from the ac power-ling

82

2, because i i3 hoporiant 1o

3

keer the elecironic

SOMTRDL 1C

e o
PGS 3E

RELAY CIROULT

]
3

(\’i
wrh

¥t enahies small currenta in one gircuwt to con

the simnltaneous switching of wore than ong chrowt,

meh

larger current in another sircuit of




LEL DELAY CIRCULT DESIGN

For the purpnse and objectives of this project, the monostable muode
tiner winch has g

Sin {

g of the NESSS
e ouiput state when triggered 13 amploved.

381 MONOSTABLE OPERATION

5

is wiggered (stared whe

ggor input (535 40y s leas than
YVatand the capacitor O starts o ¢

charge through v
Ry, Once the time peviod bag stat

RERNSIRY

CRISTOT
ved further triggers are ignored the

s
= ih

reshold input {555 pin
63 monito

anitors the voltags across Oand wh

:the time period is over and the
ouipot becomes low At the s

anwe tme dischar

x«
A
i
fav)

Fe
.7 o~

(355 pin7 ) s connected to OV disal

harging
the uﬁpfz

kg

or ready the nexs! trigger [13]

Fhe reset Input (553 pind) overrides gl other inputs and

time by connecting reset to OV, thds tnstantly makes the o

v L

capaciior 3 the reset function is not required the reset pin g

suld be «
CR-ON RESET OR TRIGGER

e connmcted b

3.8.2 POWE

it may be usefnl o enst

e that a monostable circuit 1s reset oririgeered a

goered automaticaliy
when the power supply 18 connecied or switel

PO This s achieved by using 2 capaciior
instead of {or in addition 1o ) a passh switeh as shown in the diagram below

The capaciior takes g short thme to chargs brietly holding the fuput close to OV when the
witched OM A switch may be connected in parallel with the
operation 15 g

i manual
aiso roquurad

]




B3 EDGE ~ TRIGGERING

i ihe trigger tnput is still fess than 13Ve at the end of the thme period the output wil
rernain high until the trigger is greater than 1/3Vs this situation can oeour i the input signal

is from ON  OFF switch or sensor .

The monostable can be edge trigger , rosponding only 1o changes of an mput signal by

®

cormecting the trigger signal through g capacitor o the irigger input The cap

)

[
e
sl
=
P
.n\
=
8..;
by
W
&
i

5 g comstant {d.o) stgnal The chronit is negative edge niggered

because ¥t responds 10 a sudden fall tn the npol signal

PR

The resistor between the trigger (3535 pin2) and Vs ensures that the trigger is normally high

b

{(+¥sy 7. 3
3.8.0 LOGIC CIRCUIT DESIGN
The larch is 2 type of bistable slorage devics that is nonnally placed 1o a calegory separat

from that of flip-flops because they are bistable devices that can reside In aither of two siage

ty virme of o feedback arvapgement in which the outputs ave connected back 1o the OGPPOSHE

iopuis The main difference bevween iawch fops ia 1 the method used for
changing their state,
3531 THES- R LATCH

& latch is a rvpe of bistable multivibrator JAn active HIGH nput S-R (Reset - Set

tateh is formed cross-conpled NOR gatest ap active - low input 5 - R tarch is formed with

two crogs-coupied WAMD gates and s connected 1o an nput of the opposite ga




Fig 3.6 S-8 Lawh

b

-

&

2o

TALEETEN

Whiss the £ output s HEGH, the latch is in the SET state 10 will remain in this stale
mdetfinitely unti a LOW 13 tomporartly apphied to the R- inpnt with 2 low on the R- mput and
g HIGH on S~ the output of gate Gy is forced HIGH This high on the Q- output 15 coupled

o~
&

back to g input of Gy, and sivce the 5~ 15 HIGH Jthe outpuwt of Gy goes fow, This low on the

O outpa s then coupled back o an input of (O ensiwing that the (3 outpot remaing FHGH

even when the low on the R- fupat s removed. When © output 1 LOW the latch is inthe

SET stale Mow the lateh remains indefiniely in the RESET state until g LOW 15 gpphied

10 the S- mput

The outputs of g laich are abways complements of each other when 2 18 LOW (Quas
HIGH An invalid condition in the operation of an active ~low input 5+ K- latch coours when
lows are applied o both S+ Reat the sarue time (As long as the low fevels are simulansously
held on the inpois. both the £ and (- inputs are foreed HIGH. thus vielaiing the basic

complernentary operation of the outputs. Also i the lows are released simultapecusty both

autputs will agempt 1o go LOW Since there is abways some siall difference in the




propagation defay thme of the gates One of the gates will dominates in Hs ransttion © the

LOW output siate . This in turn foroes the outpot of the slower gate to remain HIGH BERN

L0 SEVEN SEGMENT DISPLAY CIRCUIY

Fach segment (3 through 1o g) contains an LED as shown by the seven aymbods, The display

showi has alf the anodes tied together and coming out of the right side as a single connection

pmmon anode) ) The inputs on the left go to the vartous segments of the display

To undersiand how segments on the dsplay are setivated and Htus shown in figure 7o), it

switeh b is closed current flows from GINE

3 through the Hiniting resistor b, segment LED and

3

ot the common anode connection o the power supply. Only segment b will Rehe

pav ey

& and

<,

Rompese vou wartied decimal 2 1o Haht on the display in B
- by 3

e

=
j$29]

2 7o Switches a, b
would e closed | lighting the LED segments a. b, d, 2, and g . The decimal 2 would fight on

the display . Likewise i decimal O were 10 bo B, switches 2 b .o 4 e and fwonld be closed

These five switches woulld ground the correct segments Jand a decimal O swould be appear

on the display Mote that it takes ¢ GRE voliage (LOW Jogic level)  sctivite t the LED

segment on this display . [3.14]

]
LA




on the display Note that B mkes a ©MND volinge (LOW

o fevely w activate the LED

REVEN KEG DISPLAY SEVEN SEGQ i}iﬁmﬁ*&‘

I DESIGN OF IKVA ALITO - TRANSFORMER

Antoetransinrmer 4 a transformes with one winding onby, part of this being comraon o both

grimary and secondary. The primary and the secomdary are not electrically isolated from each

sther wtilie Zowinding transformer and s transformation ratio differs from un

umptings were made to achieve

The following as sived shijectives;

Molfturn - e B

Standard fregueney [ 500z

Maximum Fhus densily, By =047
- o . 3 3y H YA -+ 2
CCgrrens densiy. & 1A/mMM

fron space fuctor, Ko = (.64

Sy N [ e £ O
Rgacking factw | K 7 (o

24




Yolsfurn/KV A/phese)
Transformation Ratioc, K= Ea/BEp s Ne/Npoo s ?

IKVA= 222 FBmAcKwIAW. ... Y %

Ao, Ae = KOKS W Ao 4
Do = Core circle $lameter

Window width is ghveroas,

5 T e 3
Ap = Xy (where X isthe core widthh o e B
Number of aminattons, NL =1/ PPN 7

From equation |

Ag = {voltiumid
= {315/ {1%4.44%03.4% 50}

5

162,89 om”

i

e

For this design the power rating is TKVA
Regall;
Y, = primary voltage
Ya = secondary voliage
Np = numher of tures in primary
Ne = mauber of turns in socondar
Transtormation Ratio, K 15

(Volts Mumd KV AdphaseY = 4.44FBmac

MATHEMATICAL RELATIONS  /CALOULATIONS




K=¥s/Vp =ip/ls = Es/Ep = M/ Wpo U 8

Poweer = woltage (v * Current (1)

KVaA=%*]
Where ¥V is the rmx voliage

! is the rated current in Amperss
Therefors,

Maxirnure corrent la,, = IKVA/ Vims

100G/ 220 A

fotal mumber s Yo the winding N7 = 73484411 3+85435544) = 759 namg
The auto - wansiormer 13 designed inosuch 2 way o give three different 1apping voltage with

respect 10 the ouiput

Let the secondary turns be labeled as Msn, Ny [ Mep. For normad input voliage of 220V

“}l\‘(

JAhe output will be mantained at 220V

s 20 TR 00 ek

This means that at normal operations the wamber of turs o primary winding 15 egual to that
i the secomdary winding when the upat veliage moreasss {o about 238,
;'k';(,'i i TR (2’ MSQ / “"5{3 ‘i;}"’nu.

= 668 turns

Where there i3 2 further increase in from noaomal 220V 10 sgy 280V




m 278 * 75 7 2RO tumns

2

= $94 tung

Fhen there is a further decrease 1 input voltage sav from 220V 1o 190
= 878 puns,
phies that the munber of furns Inoveases with a decrease 1n voltage.

Current in the windings

ip =RVA/09Vp

{}{ () % "3"31}}

i

= 5405 A
fso =KVA/ Vo

1003/ 220 A

V§:Sg = KWA SV

fs3 = KYA/ Vs

29




Area of the winding conductors

Where 1 = current (4)

A = grea {wmy'
3o 257300

3 = 1 R%mm
57 Y = 1.7 Tmm

fa, = 4007 (2R7F 10

. . A
Ao 257 i0RT ¥
A%y T 30 P AN U}




CHAPTER FOUR

440 BILL OF EXNGINEERRING MATERIALS AND EVALUATION

SN DESCRIPTHMN QUANTITY RATE M AMOUNT N

i BESISTOHRR 13 16 h 16

2 CAPALTIONR 3 i 36 6

3 LR34 0 i 268 63

5 T4LE2T0 I { 264 268

& PEYDES £2 i 124

¥ BRIBGE RECTIFIER H 88 #3

8 SUTO-TRANSFORMER § §6048 R

RET 75D

x4

3
)
fees

% 5.5.13

-3
o
o
o
<&

[t THANSISTOHRS

11 RELAYS 4 ' g6 28

34 LED INDICATORS 4 : HE 4

i
23] i
&

i3 O SOOREY §54

Fable 4.0

[S)
et




CONSTRUCTION, TESTING AND DISCUSSION OF RESULTS
4.1 CONSTRUCTION;
At this point, the various componerts were soldered on a Vere board, The
ave the desired outpat.

3 fested 1o cheok

§ }3

soldering was done ol inlervals; the cirenit w
The step down fransformer was first mounted on the board and connooted 1o the mains
supprdy ared it veliage measured with g muliimeter. The output was observed o be 12V ace

vedtage was fed into g four dindes nerwork arrangement 10 Convert a.g

& 3

form This ac oupu

b The doo voltage so obtained was fod through a filter cireuit to remnve the romaining

ripples in the svatem The 1000uF capacitor was soldered on the board to filter the output of

fer, The output of the flter was measured and tound to be 12V due.

A 62 Y zener diode was soldered at the output of the filter 1o regulate the 12V de Slrered to
abig 8.2 Y, but when # was moeasured using 2 roultimeter, i read 8V ot the output of the

wr dinde 1o further remove existing

reguiator A 2.2uF capacitor was soldered across the 2
ripples present in the curreny; also soldered across the output of the xever diode is 8 THL
resistor.

The base of the 1O LM324 was soldered on the board and the 10 was mounted on the
socket Pin 3 of the comparater 1 was connected 10 the non-inverting nput through g TR

restsior (o variable resistor Vau, and the Inverting fnpul at pin 2 was connected o the output

fthe zener dinde to represent a reference voltage of the IC serving as coraparator] 220K
resiaor was connected bebween pind and pin 1, while pincd was connected o +Veo  pin
was connecied o BO 109 transistor (INPN through a 1K resistor .

Comparator 2 had its pin 3 connected 1o the ouipu of the zener diode through a TR

1 fap the reference voltage for the second comparator Pin 6 was conpected to the variable

e




%
H

resistor Ve z through a 1THE A 200K resisior was connecizd between pin Sand pin 7. Pin
% was comected to +%eo and pin 11 10 ground. Pin 7 was connected 1o the second (NPM)
BOUINY wansistor also through a TR resistor,

The collectors of both fransistor were connected 1o the relays in sertes and INADDT
dindes were connected across each relay |, across pin 4 and pin 1 The emitters of both

-

transistors were conngoied to ground while the relayve were conpected to +Veo. The contacts
of the relays novmatly opens and normally Closes while coil pin Tand dwere engrgized.
normetly oper contacts closed this performed the switch over Le. either to high voltage

250% or low voligge of 190V,

Terminal 2 of the first relay was connecied o 230Y terminal of the auto-transformer,
also termingl 3ot the secnnd relay was counected to 190V wrminal of the auto-transformer
while Hve wire was conngeted 1o the terminal 2 of the relay to serve a3 one of the putput Hine.
Belay BL? operated and change 1o terminal 2 when the voltage was normal ag 220V Le none
of the relays “operaies” and switch over o the supply ine voliage and at the same tine

g

perform the necessary swilching operation required for the aliemation of the auto-

transiormer outpa terminals
Simitarly, for the operation of the digital display 10 be aclualized, two relays were
sofdered to the Vero board and the terminals were connected to the inputs of the 333 tmer
which is the delay civoult. 9% do was supplied through pin 8 to encrgized the delay ciroul]
which undelays and SET the output pin 3 to o HIGH which is conneoted 1o the input of the

logic civendt which is a guad — latch Pind of the logic 1€ was connecied to a high while pind

was groended, through NAND gates operating as flip-tlops and the ouipot gave a HIGH,

which was connected o the display clrenit in vommeon anode configuration o display 220

at the output,

52
W

N




was gronnded, theough NAND gales operating os flip-flops and the cwpot gave a HiGH,

ation to display 220V

;.“

e the display oot in common anode confign
a1 the outyal,
Whenever the sapply falls below 220V, resulting i the Voo to the timer 10 falling

helow 9V, and a LOW output from the timer is connected o the juput of fogic cirpuil

resulting in oupnis pin 410 be LOW and pim7io 2 FEECHHL shis result is conmectad

terminale b and ¢ of the display circult via rlay tevmainals for an cutpel of 220V o be

dispdayed.
42TESTING

Fvery construcied stage starting from the rectifier cireult, swiching sirouit, the aulo-

parg

]

transformer output, the voltage level mdicators were tested at various times of the day with

S

different vollage sensitive el ctronic devices such as; computer, vadio, prister el¢ 10 verify
the design specifications.

4.3 RERULTS

The supply from the maing was meas srred with rmnltimeter at varous inpud voltage levels:

oy

250y, T, 190v ete, and in all case . the reeulator read 220v constantly. The instilute of

Blectricsl engineering regulation stipulates fhat for safe urilization of elecirical energy, the

fucrngtions from normal supply 2l any given Hime Dust neE CRE0E

w o

Lok




CHAPTER FIVE

5.8 CONCLUSIONS AND RECOMMENDATION

5.1 CONCLUSIONS

Erom the results nbigined from the testing of the {AVER), reveals beyond any
reasonable doults that (AVR) can provide the necessary protection against Huchaations,
sorges ete when used under the predesigned specifications and envirornent. [t regulates the

supply voltage to a more comtoriable voltage veg aived by electronic devices 2t the instant of

noticing shnormal vollage behaviors.

53 RECOMMENDATIONS
for this design o perform much beter, the followings are my recommendations]
+ the number taps of the aue-ug ssformer would enhance the sensitivity of the

e the numbers of relays 10 increase the switching speed of the AVEL

<

{ANVER) and also woreas

2 through the use of decoders and

e

»

he dighial display should be design for the input as well

drivers which are mnre sensitive o voltage changes.

woh the desived objectives of having dighal display a1 the oulput was attained through

g

the use of Jogic I and relays, jts sensitivity 1o variations tny it supphios is quite slow bt

can be enhanced through the use of decoders and counters,

e
¥
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