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ABSTRACTY

ATOR WITH DIGITAL

The design of an AUTOMATIO VOLTAGE REGL
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yTVHE GLUITPUT 15 simple and precise, serves as g means of safe-guarding

eleotronic devices that are sensitive o voltage fluct

Ty regardless of variation in input voliages. The desired constant oufput of 220v was
accemplished through the use of Auto~iramsivrmer whoae sapping provided the differen

voltage lovels at the nput and & 12v a.c which was vectified to 12v duo 0 power the cirouit A

f'}

quad-iC LM324 compares the variation at the mput voliags 2 supply. The output of the

comparator controls the switching Circulls iransistiors and refave. The relay comtacts opens

and closes in relation 1o the sensed st and swite!

085 10 the constam ouipn of 220v the

digital display at the owput was accomplished via the nse of the delay 10 S35 timer whos
vuiput triggers the logic 1C whose ouiput cortrols the dispiay of the cormmon anede

configuration of the seven segment display of 220v eutpur,

The clroult was designed and constraciod, and upon testing at varioug ot voltages &

constant 220v was displaved,

v

ions and thus QIVeS & constant outpit of
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CHAPTER ONE
1.0 INTRODUCTION

“recessity i the mother of all nventions”. For most electrical deviees to perform 1o iy

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

supply for electronic cironits s most convenicntly oblained from commercial s.o Hues by

using rectifiers ~filter  system known as 2 dae power supply.

The rectifier-filier combination constitutes an ordinary doe power supply. The ¢
from an ordinary power supply remiaing constant 50 fong as no mains voliage or load is
unaitered However, in many electronic applications, it is desired that do volt tuge should

fernain constant brespective of changes in a4 mains or load, Under such situations, voli

regulating devices are used with erdivary powsr supply. This constifnes regulated doo power

sonstant value,

suppdy and keeps the do voltage ot fai
Fhe mstintion of Blectrical Engineers 1EE Regulations stipulates that for safe wilization of

elecirical energy, the flucinations n nomival supply voltase af ane time must net exeeed
< ke & v Poog PN
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+0% The inconsistency o supply voltage falling below 190V or rising

representing 2 Huctuations of abowt 209 which is highly inimical © many voltage sepaitive

devices that toleraiz a litthe degree of supply voltage fluctuation to fanclion makimally,
Under-vollage r over-voltage puts severe stress on electronic componends, The of
accelerates the conditions ader which a device gradually weakens, becomes mar ginal and
firally wears oul

LUrold damages results in all electronic and electricnl e}}’);ﬂ%i&,ﬁ,ﬂi‘.f}) as well as devices such as

3

COMPUiRs SYsioms, prinfers, scanners ofc are mosty affect Hage situation,




similarly, motor driven equipment that requived high cnrre ‘m are hampered by under-voliage

such loads includes air-conditivners factory driven plants, refrigemiors e,

b ovder o provent the havoee oeeastoned by frequent Suciuations in our power

v

S3d

oply, the need for mutomatic vollage regulator (AVR) i portinent in order to sustain the

oo

oy

durability amd reliability of electrical and elocironiv devices to a predesigned specification Le
o mainiain the oulpn voltage steady at 220V,
The sutomatio voltage vegulator is a short cut to stable power supply. The ander-voliage and
over-voliage protection are both achizved by sultably binsed transistors as the case arises.
Rapid fluctuations seriously shorien the usefid Hfespan of all clectrical and elecironic
SOUHHINen
An automaric voltage regulator monitors the input voliage, then switches the output of

the device to the wransformer tap that gives a constant 220v output with 1o need for external

£07y
;

=

L Thus, the indesired voliases as g result of over-y ohtage orwnder-voligge at the nput of
43 3y

e

the regdator 18 controlied (o g safe voltage fevel of 220v,

ovy

fnputs 190w SR .
220 {hutpnat 220w
e reoulator F
ROV e o >

Fip 1 Biock represestadon of an Automatic Voltave Bevalation

Automatic voltage regulaior provides protection from under-voltags,

angges, lightening and all forms of volage mm ions. Automaiic voliage

reguiations are most uselul in this part of the continent {Afica).

S




Autermaiic voltage regu les protection from under-voliage,
surges, Hehtening and all forms of voliape fluctoations, Avlomatic voltage
regulations are most useful in this part of the world.

AYR iz uzed o regulate the input ofs  life-supporting

machines, in homes and offices. The incorporation of the digital display gt the
output is {0 enhance precisions and acowracy at the oulput voltage of 220

comnstanty.

1.1 QBJECTIVES
The objectives of this project are to provide a regulated voltage supply to electronic
devices and appliances al the required rale without flucnmmbtions and & means © gpide
apainst Qurges

The dighgl display at the output i 10 ensure aceuracy and precision gt the standard 220V

a.g. that required for wust applisnces

1.2 MOTIVATION
in an ordinary power supply, the vollage regulation is poor, Lo, do output voltage
change appreciably with load owrent, Moreover, output voliage also changes due
varinons in the nput a.c voltage, This is due to the following:
in praciice. there are considerable variations in ac Hug voltage caused by outside
factors bevond our control; this changes the do output voltage of most electronic cireults,
Flectromic ciruits will refuse to work satisfactorily on «uch oatpad voltage fluctuation

this neeessiiates the use of regulated power supphies. [

el




Fhis project is born-out of the need for meady POV

oT BUp ; by to electronic and electrical
deviees and w0 egually serve as 2 guide sgainst casm’:“" e electronic circutivy dug o

meessant power floctustions as well as o atages which are not healthy to compuiers,

hospital equipment that requires steady supply.

1.3 METHODOLOGY

The consiroction of AVR with digital display at the oupit fermnal roquires an auto-

travsformer which provides the unregulated voltage supply and under the switching of
relays (3} in conjunction with (2} tansistors to give the gulated standard 220V at the
output, The digital display was achioved via the use of del s {tmery and the legic 10

{8 «;., i fo)

which serves as a guad-lach.

1.4 PROJECT OUTLINE

Fhe project is madde up of five chapters, of which chapter one is the Introduction. chapter

rises the Hterature review gs well as the historical back round, the biock

e

dagram and theory of operation of the cireuit. Chapier three is the design procedures and

~
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el
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he project. While chapter four coniains the construction, testng and

ol

diseussion of the results. Chapter five includes: the conclusion. the recomnmendation and




CHAPTER 3”% {3

LU LITERATURE REVIEW.

The location of electric power generating 5

distant arens from the
consumers made the problem of val age regulation more commaon, Thus, vears of study

and researching by great minds has revoln: siomized the development of fansformer, Some

years back George Westing House introduced the A transtormer to halp tackle the

4

probiem of power outages, vollage drops and elecirical storms. SUTges of.

FThrough A ¢ vansmission and disie! ution, alternating voltage can be increased or

v

gecregsed depending on the mode of operations, In Migeria for instance, ghout 11KV ie

generated from the bydro-station which is then stepeup to bigher volfages of 132KV

-’IE‘
(e

ransforner and later step-down 1o the re reguived machines and all sorts of g apphances.

The first attempt o obiain a good automatic voltage regulator emploved o
motorized syetem comtrolled by 4 contea! ciroult o of ange the taps on the secondary of an

auto-transtormer in order to step-up when the mpat is low or step-down when the voltare
imput is high.
The motprized technigue encountered some shortcomings and upheaval which inclndes it
£ase to weaken and wear-off due to the tap changing mechanism that is pirely
mechanical in operation, it was nof costeffective ane above all it was bulky, {improper

tarts between changer and tapa).

Another notable approach that was introdoced was the resn navt-cienit voltage

regulator whick involved a few components such as nduc ;, e of 2 transformer, coupled

with & paralie! inductance and capacitive resonant when the hne voltage is below the




el cirenit becomes

ratedd value, foss current is drawn by the indoctance and # ;cv paral

Lapacitive,

The capacitive current drawn through the fransformer raises the outpul voltage if the line
voltage rises above the rated value  the paratle] cirenit combination becnmes loss

iy

capacitive and the output falls below the Bpe vois

b demmerits were; it performance is frequency dependent: It was bulky and was lmer

faced by the regulated d. inversion antomatic voltage regulaior,

Further research led 1o the regulated d.o oulput from the powsr supply is inverted
using pushepull inversion, The prineiple of switch-mode power supplies & apphied. It is

then stepped-up to the regputred constant g.o cutput valtage using a transformer, The

it of the sysiem is a square wave a.o voltage which is filtered o abtain o DL

sinuseid. This method resulted in very good mpuiation. The system 1s pot heavy boi ver

e

expensive and i complexity surpasses the rest ar approaches wards attaining auiomatic

The phase coutrolled aniomatic valta age regulator replaced the regulated doo
mversion aniomatic voliage regulator. In this system. the Ioad is connected in sories with
the voliage conrolling device which is nsualis v stlicon control rectifier (SCR). Voliage
contend is achieved by triggering the silicon control rectifior at o phase angle as

determined by the control eircuit In sach a wa vy thil the veltage across the load connectad

to the output teominals is regelated to the desived valus,

This approach vesponses fast io voltage fuctmations at the outpur. This a approach is not

ba

exponsive and not heavy bui the output voltage wavefons: is usus iy distorted.




The advancement in technology has led to the introduction of the wansistorized
automatic vollage rapilator, It resudted from the reviewin f% she motorized AVE. The target

was o reduee the bulkiness and smprove the response time of the regulaior, The pure
mechanical tap changey fu the motorived AVR was replaced by a miniature
elzetromechanical relays as the tep changer and the wansimtorized contro! cirouit help 1o
gchigve the farget. The systers use high voltage relay 1o switch between the {aps on the high

£

vohiage side of the secomndary of the transformer, and the lowvoltage relay o switch hatween
the taps on the low sopply voltage of the transformer. There is g control cirenit which
deternvines whether the low supply voliage is 1o be stepped-up to the rated value oy the high
supply voltage stepped-down to the rated value of the cutput, The current draws is detected
by the load and the position of the relay contaets on the fap of the transtormer i desected by

the control civeust. It has g reduced size and Hghter but i shori-comings wolades g fairly

good percentage regulstion,
ICAPPROACH:

I the early 19603 a new fleld of micro-glectronics was born primarily to meel the

reqguiresnents of the milttary which wanted smaller sizes of their electronic equipment io one-

,.
,.
w«

tenth. The ted to the development of micro-electronic cirouits known as integrated cip

{Hy wihneh are pretty small in sives.

38 Kitby was the first o develop and B0 in 1958, 2 single monoelitbue sthcon ehip in

which active and passive slements were fabricated by su

depositions. He was followed by Rebert Noyee who successtvely fabricated a complete

IC including the interconnections in a single silicon chup.

The merit of the 1C approach includes;

.l




& betier response thine, extreme reliability, low poswer o ;zam“;_;:fziz:m ve low voliage and
current consgmption. sensitivity to voltage Suctuations, reduced size, Hght weight,

cost effective and spare-parts availability ot
for tas design 1C wed inclades; LMR24, NFSSS Timer, Lowic 10 7420876,
2.3 PRINCIPLES OF OPERATION (A YVRL
A AVR consisls of two units: monitoring unis and the regalating unis.
The monitoring unit performs the following functions;
i 1t detects and messures the change in the inpoy voliage of the regulator.
Z. b produces a sigaal 10 operate the switching unit,

ot

the switvhing unit reogives signal from the measuring unit and acts to correct the outpal

voltage of the regulator to g constant predetenmined value swith least posaible variation,

memetimes, 2 third unit called anti-hunting unit is glso wsed to provide smooth regulation
without hunting or cominual flucteations

In awue AVR, the two basic uniis nomely the moniioring unit and the switching units
van be separately identified. In many clrouits however, the two units cannot be distinguished.
Fhese simpler units are usually called voltage stabilizers. This constitutes another significant
difference between automatic voltage siabilizers. These voltage stabilizers find fntensive use

“

i electronic devices I spite of the fact that the acvuracy of stabilization obtained is usually

poor,  j4]




LITHEORY OF OPERATIONS

Dl

When the eireuit is connecied fo the mains sapplying shout 240V, the voltage is reduced
o siep-down by the auto-transformer mied ar 12V (s}, this voltage from the auto-

e

transtormer is vectified by the foll-bridge rectifier. The rectified ouip voliage is fillered by 2

capaciior 1 10 remove ripples Fom it and it s passed through the regelating eireult

EaY

comsisiing of a xever dinde which set the referonce voltage ot £.2v d.o another capacitor (72 is
connected across the vener dinde to further remove the ex istivig ripples that have escapod

from the filtering section of the eirow

The comparator section is made op of vauad 10 LMI24 functioning as comparaiors

one for sensing high voltage and the other frr sensls 1z fow voltages, A step- down

swregilated doe voltage is applied to the non- imverting positive {Fvel input of the

comparator? for sensing high leval above 220V and g reforence v altage corresponding to

-

the normal voltage is fod inin the nverting {-ve 3 input of the op-amp. The unrennlated

&

pawer supply e fod into non-inverting input of the comy while the reference

village is applied 1o s inverting input for sensing voltage level below 220V, The
switching clrenit is the main control unit for the devics while the virliage levels serve as
the control signal for tiggering as well as sonirolling the nansistor switchir 3¢ i, velaya
which in turn is connected © the delay clrenit as well 95 the logic cireult o the display

Circult,
There are three main conditions for the operations of the sw cHching cirenit. They arg;
1. When the supply voltage rises above 220V

2. When the supply voltage is normal at 220V
PR #




There are three main conditions for the pperations of the switching cireuit. They are;
i When the supply voliage rises above 200V

2. When the supply voltage s normal at 220V

{..»;&

- When the supply voltage is below 220

When the mains supply voltage rises above 220V, the changs in the voltage is

refiectzd by the variable resisior Vay (Vig ) The comparator 1 oo wnpares the voltages af the

mputs, YRI and the fixed seference voliape Ver st the cathode of vener dinde,

¢ the reference voltage is highly potential that is positive (+ve) with respect 1o the
reflocted voltage sensed by Vo, the output of comparator | logically swings the output 1o the
nogattve rail of the comparator Comparator] is configured in nverting mode this make the
output tverted o the positive rall and the base of tansistor Ty will be ot higher potemial
causing the emitter ~base region 1o be forward biased. the coliector current Hows 1o activare
relay RL1 and the normally open coniget of the relay closes o the voltage Tevel
approximately 220V, under the same condifion the output of comparator; falls low since its
mverting gl Vs s greater than Vi, o, However, there s a linited current to far Ty inio
operation hence relay cotl RL; remaings in fts de-energized condition untl when another

condition omerges,

When there {s g sapply voltage of 220V, there will be no current flowing to the base
of the transistors Twy and Teo which imphes that both transistors will remain in their cut-off

states aud the relavs are not enereived,
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{CHAPTER TH RE@%
3.0 DESIGM AND IMPLEMENTATION
33 THE SUPPLY UNITS DESIGN.

Electronics oiroult needs poswer to waork. In wost case the energy is provided by a
cirouit called the power supply. A power supply failure will affeut all of the other clrouits,
The sapply s the key part of any electronics system. Power supply use regtifier diodes to
convert aliprnating current o divec] current {d.ch.

I this design bridge rectifier was used. This cireuit achioves full wave rectification
without the wse of center-taped travsformer. It employ the vse of four dicdes (43 connzeted in
an arrangerent that looks similar 1o 2 Wheatsione bridge cirenit. The cathode lead is from Iy
and D ave comnected o form the positive output terminal of the oircuit while the anode iead
of £ and Dy ave connected togethar io form negative ouiput of the cirenitf1]

32 RECTIFICATION AND SMOOTHING CIRCLIT.

tThe unregulated doo power supply containg a rectifier and o filter cirouit.
A rectifier must be able to pass current with case into the forward divection and biock i1s flow
i the reverse divection. The variable a.c voltage is rectified through o rectifier cirenit using a

tull wave twidge rectifier as shown helos
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Totat Cutput
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FEGI FULL WAVE BRIDGE BECTIIER

DESIGN SPECIFICATION.

CORPOSIION - Type Part munber Psage Max. Operntion curent,

And reverse volinge,

Dinde Sihcon EPA( Reciificaiion A, A0V

33 S?ﬁfii”éﬁ'f‘ﬁiﬁ?éiiﬁﬁfﬁ% DR FILTER NETWORK

The output of the fullswave bridge rectifier is 1 pulsating v citage. In order to
reduce the pulsations, g filter network is used . This is made o ol a single electrolvtic
capaciior {1000 connected scross the load terminals  This capacitor s chosen largs

enough o provide acceplable low ripple voltage \with volt tage vating 'ufﬁ»;r‘zzi fo bandle the

wist ease combination of no load and high fine voliage |




enrugh o provide accepiable low ripple veliage Jwith voltage rating sufficient to handle the

worst ease combination of no Joad and high Hne voltage |

Pulsating d.u s not pure becanse it containg an a.z component. The a.e component in a

4.0 power supply ¢ called “RIPPLE”

Filter is used to revoove ripple thus producing a smooth woveform that will approach that

moduced by o battery, by connecting capacitor across the putput,

Capacitors are ensrgy storage devicss; they can take a charge and then Inder doliver that

charge 1o 8 load. {21

The capacitor operaies i a simplde fashion during the Joput evele, the canpacitnr
& & : 2 i

charges 1o the peak applied voltage when the valia

¢ drops: the capactior ¥3 discharge d

sine glectrolytic capacitor §s used, 1o will charge quickly when the diodes

¢ forward biased, and discharge tuough te load slowly. the voltage is nearly & steady

voltage but with vaniagon called"RIPPLEY.
The effectivensss of g capacitor filter is determined by

1. The size of the capacitor

The value of the §i;Eii'§.

rectifier is g fallowave bridge rectifier, the Freguency 15 60Hx

k2

capaciior value of about 100 13 wsed in order 10 give the reguired smoothering

e
o

The reactance required is caloulated:




= 163382

Hence 2 close value of 2,782 was chosen as the miting resistor,
Carreng through the capacitor =2ail
= D SOF 1000 112
= 37TA

34 REGULATION

= d.o output voltage can change for several reasons, the a.c voliage nuight increase or
if this happens the output doe vollage increases or decreases proportionately 1o the
mmput change,
350 SWITCHING /COMPARATOR CIRCUIT DESIGN

L3241 15 & guad 10 which consists of twe independent vollage comparators whicl
operates from 2 single power supply over a wide range of voliages The comparator cironit i3
designed to compare volisges from sensing cirenit which is fed 1 the non-inverting inpat

gainat a reference voltage, which is fed to the tnverting toput of comparator thunegh g

voltage divider network,

351 SENSING CIRCUIT

The sensing circudi in an AVR measures the changes i the main supply and the
sniput s compared against g reference by the comparator circuits, For this design, two (23

varighle resisiors measore the variations in the main d.o sepply in the form of potential

difference.

-
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Fig. 3.2 zener diode reforenoe
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fener diode reference voliage, Veel = 62V

rses
55
o

Power vating = 500 W

s

i

0.7 mA

anet

BiomA

<

{urrent thwough Bz e ThED resistor s

5 EmaA

The gain of the coraparator

s LRERIn =200k

gad)

Referance voltage, V= 8.2V

Adiusiing the variable resistor Ve from (0 -10k8d,

A the maximum valug of Vg of 10k42

Voltage throigh the non-inverting inpst of comparator | Vepl,
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at gt vaive Yop2 = Vde ¥ RerZ / Ryl

The gain of «
g

The reustance varies botwoen (3K~ 13k}
i the potater 13 at the lovest resistance value for varisble resistor Vg,

Phe inpur voltage Vi, = Ve Ve (Vs + R

s 15 the maximum input voltage at the inverting nput ferminal.

Yarying the varigble resistor Vg, the mibwimom resistance o set the inpat vollage is vero,

therefore, the in put to the inverting torminal ranges from (0 - 8V

Ree

ohy is the reference

Towrmn - off the comparstor 7, the Input voltage must be

e
TEG




o tun -~ off comparstor 1, the voltage to the non-Inverting mput nasst be

68 SWITCHING CIRCUTT
The output of the comparator is used 1o control the swiiching cirouit which ¢ COIMPIISEs

both the transistors and the relays depending on the changes in the i

actuaily makes or breaks the elecirical civaiit depending on the output ¢

-
pary

which comparator s oparating at & given tme depending on the sensed voltag e {®
360 SWITCHING ACTION OF A TRANSISTOR

The switching action of 2 transistor s shown in the Sgure below indlcating

RAIEtEAIEH

characterisiics of a typical fravsistor for a vommon evitier configuration. The load-ling is

deawn for load Re and the collector supply Voo, The characierisiics are arranged 1w three

vegions: OFF, ON or saturation aud active region

il

ot

fiz. 3.4 charsderistios of transistor

{9




L OFF {eut-off) region, when the input base voliage is ,amwz negative, the tansigior is said

i be i OFF conditfon. In this condition I = 0 and the collecior curre

vt
e

it is eouial 1o 4

¥ 7 i

Y e the value of o, can be obtained fro

aiterisne, 1 Vi, i
known,

Power ioss =

Since L, i3 very small as compared to full-load current that Hows in the O comdition

’E

power loss i small in the OFF condition 1 means that the transistor has a high e

& swiich in the OFF condition
2, O or sataration region swhen the input veliage is made so much positive that coliector

saturation collector curvent Hows the transisior ia aatd 1o be in the ON condition it

eepsdition, the saturation collector casrent is given by

= oytput volis

it curreny

The muput voltage yu the ON staie 18 equal 10 V. and outpat curvent s Jo{sa,

Power 3«){% B

Agary the efficiencs

foms tn this condition 15 guite low doe to the small value of Vipee .
3. Active region; The OFF and ON regions are the stable regions of operation, the active
gion 13 the unstable or {ransient) region throngh which the operation of transistor passes

while changing from OFF state o OM state o Sigure - above Hne A i the active region

toel

JPhe collector currend Increases from leeo 1o Tofsaty glong the path AR as the transisior

switched ON and vice versa whoen the fransistor s switched OFF 19]

vy




3TRELAY

A velay s an electromagnetic or solid stte device operated by varving the thput, which in

tur i used to control other devices connected to s output Belavs form the stmplest form of

s
jasc]
&
{2
<
o
(o]

mnomatic switching in eleotric cireuin I is

gretic swiich,

ot

When electric current is passed through its ootl, o magnetic field 5 formed around it which ks

the cotl, This couse ap armahure o be

proportionat 1o the amount of current Howing through

ey bogses i

attached and opening or closing contact aftached © some point This sy
magneiism as ourrent setzes Howing through the cotl,
Yelnys normally having 2 thwe integratiog blocks which in most cases are springs which

v encitation and codl

3% g are psad,

vosiages ranges from 5V 2220V For this des
The primary use of relay ks in remote switching, becanse s bmportent 1o keep the elgctronie

circuit electrically isolated from the a.o power-Hine

o

SUOMIROL 10

FIGR 3.5 BELAY CIRCUIT

I+ enables small currents tn one circuit to conirnd 2 voeh fareer currens n anothey clrouit o

the simmltaneons switching of more than one ciroutt




388 DELAY CIRCULT BESIGN

-

For the purpose and objectives of this project, the monostable mode of the MES33
tumer sehich has a single owipot state when triggered is emploved,

3.1 MONOSTABLE OPERATION

is triggered {started when the frigger nput (355 00 ts less than

s

1/3Vs this makes the output bigh 4V and the capacitor O starts t charge through resistor

the time period has started farther triggers are iguored the treshold inpur {333 pin

-
ot
N
o
ey
&
L
pese

%

5 reaches 273V s the thime poriod 8 over and the

&Y momitors the vaitage geross Chiand when

putpan benoaes low AL the same tme discharge (535 pin7) is connected 1o OV discharging

eady the

The rosed inpus {355 p mputs and the tming may be cancelled at any
time by conneciing reset o OV, this mstantly makes the ouipet low and discharge the
capacitor 1 the reset funclion is mof required the reset pin should be connected 1w +Vse,
3.8.2 POWER-ON RESET OR TRIGGER

It mgy be useful 1o ensure that o wonosiable cirouit ia reset of riggered automatically
when the power supply is cormected or setiched O s 15 achioved by using a capachior
istead of {or in sddition {0 3 o push switch a5 shown i the disgram below .
The capuciior takes g shovt thoe 1o charge twiefly holding the inpot close 10 OV when the
civenit is switched ON A switch may be connected in paralle! with the capacitor if unual

operation i§ also required.




LB3 EDGE -~ TRIGGERING

Ifthe wigger nput is still less than 1/3Vs gt the end of the time period the outp will

remain high untit the irigger is grenter than V3Ve this situa

i can oocur i the put signal

is from {30 OFEF switch or sensor .

The monostable can be edge wigger | responding only to changes of an input signal b

bebed

,w.«
food

rigger signal through a capacitor 1o the trigger input  The capacitor passs

connocting the triy

sudden charges {a.0) but blocks a constant {duey wignal The cireult s negative edge triggered

becguse i responds to g sudden falho the nput signal

The resictor between the trigger (555 pindy and +Vs ensures that the inigger 18 normaily high

3,98 LOGIC CIRCUIT DESIGHN

The Iach is g type of bistable siorage device that is normally placed in 2 category separate

sstable devices that can reside in either of two stage

in which the ouiputs are conpected back 1o the opposite

inpuis . The main d&iffe lip- flops is in the method used for
A9 1 THES RELATCH

A latch is a type of bistable multivibrator .An active HEGH input 5-B (Reset - 5oty
bateh i formed rross-conpled WOR gates: an active - low inpan 8 — R lateh is tormed with

tywes crosa-coupled WAND gates and is conpected to an inpu of the opposite gate

-~

LS




When the {3 o

Fremain o this state
indetinitely until o LOW i5 temporarily appiiod to the R- input with a low on the R+ input and

sty of gate Gn s forced HIGH Th

193

# . This high on the Q- output is coupled

A¥ )
ki
DEOK 10

o an input of Gy, and since the S- i HIGH the cwput of Gy goes Tow, This low onthe

fis then coupled hack o g

{

i ot of (6 ensuring that the - ouipot remains HIGH
oy when the low on the R- fnpul w removed, When Q outpot i LOW the achis in the
RESET state Mow the latch rerpaing indefinitely in the RESET atate untit a LOW 15 applied
1 the 8- input

The outputs of a laich are abways complements of cach other; when (3 is LOW Qs
HIGH An myvalid condition in the operation of ap aetive ~low mput 8- K- fatch cceurs when
iows are applicd to both 8- R-at the same time L As long as the low fevels are strmdtaneonsty
held on the inputs, both the ( and (- puts are forced HIGH, th

& hasi

complernentary operation of the outputs. Alse i the lows are relessed simmitaneously both
cutputs will atterapt o go LOW Sinee theve |

sowme small difference in the

~
Jab




propagation delay time of the gates One of the gates will dominates in Is tansition. 1 the

LOW ssput state  This in tumn forces the output of the slower gase o rerain HIGH

310 SEVEN SEGMENT DISPLAY CIRCUIT
Fach segment (& through to ) coniains an LED a3 shown by the seven symbols, The display

sherwn has all the anodes tied together and comiog out of the vight side a3 a single connection

{common anodel . The inputs on the left go to the various segments of the display.

To understand how sepments on the displey are activated and 1it as shown in gore 7o) ¥

ewiteh b s closed current Bows from GND through the lniting resistor b, segiment LED and
ot the common anode connection 1o the power supply. Only segmend b will light

breg

Suppose you wanted decimal 2 to Heht on the display in fig Ve, Switches a. b, d 2 .and g

wold be closed , Ughting the LED segments 5, bodo e and g The decimal 2 wor iid hight on
the display Likewise 3 decimal §were to he Ui, switches 3 b o d 2 and {would be closed
These five switches won&ld ground the correct segmenis and a dectimal ¢ would be appear

on the display Note that it takes a2 GND voltage (LOW logie fevell to activate the LED

semment on this display . [3,14]

V]




Votopiclevely o activate the LED

segiment on this display . {3]

SEVEN_SEG DISPLAY SEVEN_SEG_DISPLAY
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PESIOM OF TKVA AUTO -~ TRANSFORMER

~
s

sransfrrmer i a franstormer with one winding only, part of this being comman to both

primary and secondary, The primary and the secondary are ot electrically snlated from each

other uniike Zwwinding transiinmer and its ransformation vato differs from unity,

snptions wire made (o achieve the desived objactives:

YRR &t

Saimm flu

ron space factor, Ko = (uod

,.,
¢
H
it
fowl
N
&

Stacking facior

25
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Transformation Ratio, Bo= Ha/lip = Na/Mp. e R e e

Pt

R A T S A K o A e S

The square of longth of stacking s divectly proportional to the A

?{f\

Wso, A o RoKa Wi i d e e 4

Pser = Core pivcle dinmetsr
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e
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o
3
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o
N
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3
5%

Number of laminations, NL =L/ O DR 7

From gqustion |

16,89 om”

For this design the power rating 18 1KV A

Yy ks
Recail:
RGN

Y, = wrimnary voltage
Vs = seoondary voltage

M pumber of s W primary

Nz = pumber of nras i seoonsdary

Transformation Batio, K is

(Velis furm) (K VA/phasey = 4.44FBmAc

VATHEMATICAL RELATIONS




K"Iﬁ(’t sl 3/ £ 1
Where Vs the rms vollags

{is the rated current in Arpperes

Therefors,

Saxinmnm current Loy = FEVA Y Vins

= TEG nyns

The sl nomber turns in the winding NT = 754+

The auto — fransformer i3 designed in such a way to giv re

R

respect o the output,

1t the secondary turns be labeled as Mao, Ny ey For normal input voliage of 2

1o output will be mainiained &t DIV
[RPIEAY }')N;}.ﬁ\féﬁ

= PO0 ¥ 7RG S 220 turns

= Fa5% Tarns,

This means that al normal operations the number of turns in privoary winding is equal 1o

o about 700

condary winding when the input voliage inoreas

2 1 the s

Mgy = 200% 759 250 tuns

Py St awt

HO8 fns

Where there 1o a farther Increase in from normal 220V 1o aay 2ROV

4

e
X,

g three different tapping vollage with

i ‘7{}1 7




When there 13 a further decrease ininput voltage say from 220V o

s = 2200% TRG 7 1040 purns

= B78 furmns,

This implies that the number of furns iner

s with o decrease i voltage,

Curvent in the windings

= 345 A

fen =HKVA/ Vg

OO0 722004

H
i

DY L YN A
T 250 A

5%; wm KRVASY R4

=357 A
fsy = EVA/ Vs

REC N 1N

oot A
2,40 5




Area of the winding conductiors

Where 1 = current {A)

.
:oares {mm’}

e
i

r

v gyt
s

3

b= 25

;},"5', R E ‘ub;ﬁiﬂ
LA P I = 1 P Tmun”

{'3" S IS

= Gy {25

N
Eagy
E

SOV
Asy = 3872571
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CHAPTERFOUR

4.0 BILL OF ENGINEERRING MATERIALS AND EVALUATION

Gip DESCRIPTION L QUANTITY RATE AMOUNT M

H RESINTORS 9 i 1954

Tk

CAPACITOR 3 S m e

3 LAE374 3 t me 246

4 S TIMER ¢ 78 74

& THLETG IO H et gl

& BIGDES il 11 128

7 BRIGGE BECTIFIER i 84 B

B AUTOTRANSFORMER i 1066 F000

5 i S&D 3 | 1EG 750
1 | TRAMSISTORS A 49 53

i1 | RELAYS 4 TER 320

17 LED INDICATORS FO W 48

130 SOCRETY 3 g 15

Tabie 4.8

L




COMSTRUCTION, TESTING AND DISCUSSION OF RESULTS
4.1 CONSTRUCTION;
At this poind, the various componenis were soldered on a Vero board. The
soidering was done at intervals; the crouit was fested o cheok 171 gave the desired output,

o~
1
X

The step down ransformer was first mounted on the bourd and conpected (o the maius

suppiv and it voltage mwasured with a mubiimeter, The ot was observed io be 12V ag

form This a.c output voltage was fod inte a four diedes network arvangement 10 convert a.g

to de The de voltage so obtained was fed through a filter cirenlt to remove the remaining
ripptes i the system The 1000yl capacitor was soldered on the board to filter the output of

the rectificr. The output of the filter was measured and found 1o be 12V dc,

A 62N zener dinde was seldered at the output of the filior o rogulate the 12V doe fillered 1o

about 0.2V, tut when 18 was measured using a nmniimeer, it read £V at the output of the

wegulator A 2.2uF capaciior was soldered goross the zener diods o further remove existing

sipplos present in the corrent: also soldered across the cutput of the zener diode is g TRL:

vas soldered on the board and the I was mounted on the

n~n
.
5
o
X
155
28
(¢
~
+
o
oo
posy
o
[
{
o
m-\
3
&2
N
‘)/

socket Pin 3 of the comparamr 1 was conneoted to the non-inveriing toput through a 1EL
resistor to variable resistor Yee, and the inverling input ot pin 7 was connected 1o the output
of the zener diode 1o represerd a veference veltage of the 10 serving ss comparator 220K82
resistor was conpected between pind and pin 1, while pin 4 was connected o +Yeo , pin |
was connected 1o BO 109 fransistor {INFNY through o 1RE2 resistor

Comparater 2 had its pin 3 conpected 1o the output of the zener diode through a 1ELE

1o tap the reference voltage for the second comparator Fin 6 was connected to the variable




resistor Wz through g TRL S

YESIBOr WAS COTMes ted botwoon pin 5 and pin

B was connected to +Vor and pin 1 to ground. Pin 7 was connectesd 1o the second (NPN)

B transistey also through a TKG resistor.
The collectors of both transistor were connected o the relavs in series and IN4OO]
diedes were connected across sach relay | across pin 4 and pin 1. The amittors of both

transistors were connected to ground while the relays ware connecied to +Vee. The contacts

ot the relays novmally opens and normally closes while coil pin Laud dwere energized,

sormally open contacts closed this performed the switeh over Lo either o high volrage

o
250% or low voligge of 190V,

,

Terminal 2 of the fivst relay was connected o 250V terminal of the auto-rransformer,
aise termingl 3o the seoond relay was comnecied to 190Y termninal of the auto-transforme

while fve wire was connected 0 the terminal 2 of the relay o serve as one of the output line,

ted and change o terminal 2 when the voltage was normal i 220Y 1e nong

“operates” and switch over to the supply lin tage and at the same e

perform the noecessary swiiching speration required for the alernation of the auto-

trapaformer cuipn terminals

>

Simitarly, for the operation of the diglial displey 1 he acinalized, e relavs were

4

dered 1o the Vero board and the torminals svere connecied to the npmus of the 333 timer

wn
=
e

which is the delay ciroutt. 9V d.o was supplied through pin § 10 energized the delay ciroult

v

witch sndelays aud SET the oulpid pin 3 o o HIGH which is cormected 1o the input of the

fegic cironit which is a goad - e HO was eonpected 1o a high while pin3

way groanded, through MAND gates operating as fhip-flops and the ouipot gave g HIGH,

which was connected fo the display cireoit in common anode conf

gt the ouiput,

ted
W




was grounded, through NAND gaes operating as tip- ~finps an &H o onpal gave a HIGH,

which was connected to the display clrenit in conunon anode o i“a/ wation o display 220V

at the output.

Pt :
A

Whenever the supply Talls below 220V, resulting in the Voo to the ey 10 Galling

below Y, and g LOW cutput from the fimer is connected o the inpit of togic circuit

resulting in outputs pin 4 1o be LOW and pin7 to a HIGH, this res sult s connecied to
sermminals; boand o of the display clrcult via relay wrroivals for an output of 220V 1o i

displayed

4ITERTING

ching cirouit, the auto-

Fvery cnnstructed stage starting from the rectifier ¢ cirpuit, swit

level indicators were testad at various times of the day with

l"b
[

transformer output, the voliag
difforent voliage sensilive electronic devices such g8 compuier, 1t adio, printer g1o to verily

W S

the design specifications,

43 RESULTS
The supply from the mains was measured with maltimeter at various joput vollage levels:

Gy, 240v. 190V ete, and in all case, the regulator read 220v constantly. The insutute of

dion of slectrival energy, the

Elecirical enginesting regulation stimdates that for safe wiii

Puctuations from normal supnly at any given time mnst not exeeed + ot - 6%,

e




CHAPTER FIVE

5.6 CONCLUSIONS AND RECOMMENDATION

51 CONCLUSIONS

Drovn the results obtained from the testing of the (AVE), reve sals bevond any

rensnnable doubts that { AVR) can provide the vecessary prod reciion against fhuctuations,

srwes et when used ander the predesigoed spag cifications and envirorroent. It regulates the

o]
(

sy voltage 10 @ more comfortable voltage reguired by electronie devices 4t the nstant of

SRPH]

noticing abhorn mal vohage behaviors.

52 RECOMMENDATIONS

For this design 1o perform much better, the followings are roy reeommpendalions;

1. Ingrzesing the nurnber taps of the avto-transiormer would enhance the sensitivily ofthe

s

o numbers of relays 19 IDOTEass » the switclun

w

(AN and also inoreasimg i th

3. The digital display shonld be design foup the input as well through the use of decoders and

deivers which are meove sensitive to voltage changes.

3, Though.the desired nhjectives of having digita

at the output was altained threugh

<%

Clogio W ensitivity to variations in tipei supplics ie quite stow bt

and relays, s sensils

can he enhanced through the use of decoders a o couniers.

[
5z
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