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CHAPTER ONE

i $ R D ULTTON

Incessant power falure bas become a5 disiurbing and common phenomenon today, 1is

aecurrence has led 1o the damage ad loss of 50 many domestic and indusimial applisnces and

consequentiy also Lo the loss of both homan Hves and properiizs in ;sia res whers constant power

evitable Such places inchude husphals, factorie Bhraries, theatre  poms,

5 horets, banks, and similar instilolms just 1o mentim a fow.

[R22 %

A a resuit of this soours, there b5 a vital need or an alie native source of povesr supply

., . PRI . - . - . . .
st il e rnore rebinbde and officient fo the provassn of adeguate slecinoal enorpgy 1w the form

A

of an ahernating corrent, eapecialiy w

sotuatly jod to the research and discovery of the INVERTER designed o

(g

s ha

handle clocing hacking up problems, wiich enames conslant powet supply 1o g

consumers in case of power failure from public utility.

PHfferent countries of nations eperate on various voltages and frequencies as iheir main

TN "
Fhe magor voltagest sed are -

w24 RO Migeria, Ghang, Britan, Germany ofe.

iy B0z e s VLR AL Inpan Rorga ol

This devicr will serve s s secondary powes supply in reote areas whers the ut diy of

the utibity 15 nob aval

E3

Secondby, 85 & backup i places whare the utiliy s present, 1 can alzo serve as a standby

an enough 4.0 s avatlsble (e eopugh charged car batterios )

,

i 2 nwmber of appances thay may urgently require power,

311 VI TV sets, Hightings, audio sets such as PAS (Public Address Systermy, Hfe




1.2

1.3

3 fow of the cleatronks dovices s

from do o a e and 50 a 4o power mverty

citage 10 2 higher ao vl

et eopapraes i the hospital oo
St $ i

o this omd SO0V A outpat i the maximem o eall be destgned for, in order tu handle jus

whianeousty.

e

WHAT IS POWER INVERTER
An inverter i olectronis torm s a devise thay s capable of chanpiog eluotnical energy

[y

electrome arangement used 1o eonvart 8 fower

see oulpud a8 parbioudar fregoency. Therelore, in thas progect

wirk, a 17vols car battery (o powesr soawced 15 been inveried to 2 220 ViHz 5 ¢ posver ouiput

The proposed electronic powser pvener stheme bas a vanety sumber of apphications m

staviby powor supphes, which are used s indusines and commerce fo provent inlgmaplions in
process of productions . Also to protoot buman Bfe amd for many other purposes when the

ary sonrce {meinst expernngs o power fafdarg

P -

Some practical and feld apphications of this project Lo Bleetronie Lower mverter, tan

be fouml mg

The emergence thaorescent hght used w homes, hospiials and gevevator control roons,
The Unimerraptible Power Supply omt used with computer BYSHEINS fo koep ihe sysigrn

P

m aperation at all tunes

it can also be used al the ressarch centres and local areas where the a0 supply generated

w the supply suthoriny could m e reached

Teluvision sein, vi e venensher and cdben applanees that runona

“

w
o

booan alen be used sareas where comstant a o suppdy 13 nob accessible.

AIME AND OBIEUTIVER

Phe desion of electronic power wverier i3 mmed 8t developing another means of

-y




suerating power supply fromde o ae roversion nsing @ veadily available source of divest

Adse the chargor was incornoraied B0 as e SeIVD Ay oobeans of

battory when the current 38 availal

ARSI AN

design of the 500wl prwer mverigy s sunple and glectronc

Avatigbility of components used

{hiput power rating .

Size and rase of the dovice

Yhe sectronis power mvories was designed to provide the hffovang -

s is booause i allows owd

{43 To provide mse free, vibrahion et fames ol g genevsior, Fhs o

P

1 obstain silend 2o power withoul the need of a geueraion

city when thers is mains fature,

{1} Torserve as 2 standby supply of el
{1t} T provide u cheap alterna s standby geverating sel
hold apphances ke TV, VOB, siereo and nio of

>

independent of pubtic supply in all areas whevs there 13 no constant

supply from the prmEry 30U

RS




CHAPTER TWO

PITERATIRE BEVIEW

reveiopment of an Blectronis Power Inverter 15 2 sew technology of oblaining sy ac

from do sonce before this development, slandby gonerating sefs was the only

v

FA mains, The i 15 guite pnreliably and

alternative 1o the

posaibte for us 10 obtain s e frons e batteries 8t a much more cheaper rate.

formanee power nverier was mtroduced 1w 1983 by HEARY

The worlds Brst high pe

IMTERFACE, bas been n loader i inveriodchasger technology. Bt was the firs seasonably

pricesd compnercial warket vertovvharger

i PORE Hleart frderface patiated and mvoduced mverters alilizing Bebd offect ransistory
{1e mosfens - metal oade semconductor Beld offews trapsisions), for the muin power Dup

device. The use of mostets made the design smaller than Bipolar hanction Transisior

21 PROJECT OUTLINE

e, construciion and testing of 8

2

daims siep by step analysis of the s

R Hrwatis electronic power mverter, and H oxy s nvehved,

$hapter Chne direatly dhwells on the mtroductiny aspect.
Chapter Two eathines the Iersiure of reviow,

Chapter Throw outlines the process of destgning the slectromio prywer inverter

Chapter Four outhnes the process of assembling the vanous components of the electronie power

mverier and festing,

Chapter Frve gives the concluding remarks, recommuendation and reforences




2.2 BESIGN SPROCIFICATIONS
CHITPLIT POWER. 300 VA

T W AYVEFORM PULSE WIDTH MODULATED.

PYREQUENCY . 302 & 100,
GUTPLTT VOLTAGE 240V 2 1

CHARGER TYPE COMETANT VOLTALL,




CHAPTER THREE

DBESHGN AND ANALY SIS

KRY PRINCIPLE OF OPERATION

the performance of push pull amplifier. The push pull gmphiber

The principle is base

generates wavelorm of

b driven from a S0z csciilmor via a driver stage. The ospitintor stags

503z and 1RGO cw of phase to allow altornate switching of the po ush pull inverter sisg

FERA SL8

Wiy needs

e push puil stage (where comversion is doned is g olass B amplifier. The amy

serondary chmpont o opurate Thyriston, fipsar fravsistors and mosfeis are oflen wsed e

woondary of the transformen, which conseguently nchade 2 high

gwitching 5 done on the

on the priveary.

rig

The current demansd from the battery, requive that sharging has 1o be regutar i the batiery

must et son down permanenthy, hence g battery charger stage which 15 4

R

matn voltage 5 used to charge the bagery with & logio control sensing chiouit to o off ihe

g

o

charging voltage when the battery s fulty cha

ot 1o switeh main voltage to oulput wien there is 5 public supply to

conserve power for the unit o make 8 frizmihior

A CILLATOH TALGE

ES

The inverter need to generale w o

The oseillator staue is 1k heart of digital UPS dos

voltsgs at a frequency of Sk bence, Uit Bas to be soms kind of oacillator chouit for this to

be avhieved The osoilialo o here 15 g pulse width modalaor 1 The pulse width pusdutator

b an ernal RO oscitlator, which could by made to osciilate 1o freguencigs in excess of 1Mz

&
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are resiaiors that bigs the terpal amplifier in the pulse width modela

3.2 DRIVER STAGE

%

The tnput of the mister have g

bigh it impedance whooh

e bt owhen mosfels arg conn

The diiver siaae not only maches the oscillator to the amphifter, but o

by tanlared from each other even they aro drpven

the paratiel moster are p

$he BT GURIFCL

igaration, the smilter o)

The driver atage s oan enutier follower Lrarisisior

really amphity current byt inoreases the corrgd §

Eolloyer travsistor, hence, the enntier fnlionwer ensuves transter from the pescibiato

fie posh-pull amplifier. The fig below shoecs the drives stage.

it ViEa

Nt

Fig 3.2 Driver Binge .
i
3
4

Beaiator BY 1o R is @ potentind divider used to isotate the various gate voliages

Since, L hig

P nng

b3

Ry e

RIG N

ed in parafiel, B is often requirg tha thar pate e

that

froun

fower

sonpreinip capabiiity 1o the Hmits of the

or to the base of

Prarkingion transistor) b will be redaiively smalier compared 1o




P blener, a anall 13 allow the requive Kote get o the wale vig the enstter

3.3 CLARE B AMPLIFIER STAGE

notarity and power generation lake
tap trassionmes b8 required for switshing of the push-pull arrangement. T4 and 172 are the power
moster and D and D2 are to protedt the switches from reserve woltage spike. The fig below

shows thy push-pull amphlior st

5
e
I's
LUV 3 H
;
<
. 7 '3; }’i,

Fig 3.3 Class B amphifier stage

o

Fha, g e N SV S SR S T A O S YN AT,
When large smount of power 18 meeded the mosfer i casomded 10 2o the amount of were

o opowet 10 bo pomesatod duepends on the capacity of the mostel and the ting of the

The class B amplitier bas a madimun efliciency of 78%. to achieve an UPS of 3

+

particular were maiput the efficioncy fosses mwst be put into conaideration

Ponver outpa tor our desigy

9




By using a poseer (oo o 7 fdue o fossesy,

The utput powey - 87 500

sower (o be sgual 1 350W,

o 3AO/TE fusing OV batteey)

This implies thet the power elumsent oust e a current handling capability in excess of 29

PP OO weatia

that the energy diaipated as beat on

This means ths

apsie 11109 waits The choice of mosfet selection depends on maximum current and

B RE

power dissipation of the proget RESAn MOSFET was used The 1RIFS40 has the fulloving




spwecifiontions

Where by o Prrmn currerd

o frrain snaroe wolis

3.4 BATTERY CHARGER 5TAGE

Phe battery charper siage 5 made np of & scosing crant 1o muomaticnily shai divwn the

vharg swollage souwree, which is the chargng w

ach celf provides 2% Thus a 1 2V batiery of ths 1y

%

For g osealed lead

consiats of sin cells connested in serien. The fixed “Hoat™ voltage rpspuired per coll {o maintan

fvery 203Y amd 24V Thus, for the 12V battery the

Hx 231 RY and

er charging raie. This denirable fn o

el sinog 4

g 2ot AP ERY CHUAEIE N AT




; P :
: ; 1 H
H H H i

% ;
i i {
i H H
: ; i
{ i 3
! & : & H

e
3
o
i

-
o

i cireni! 8 g constant voltage type The chagrin voltage 19 derived from

m

>
powe
foe
%
&
e
oF
s
o
§
.
oo
>
5

ge while the control for the charge s composed of & combinational

logie oo

The comparator compares the battory voltage with 2 fixed reference and dotect whin the

-,

battery s fully charped

The moncsinble on the other hand dejest when the battery b discharge and astomationtly

srriiates charping, W shall consder each of the charger stage separately

340 CHARGING VOLTAGE
For g charging voliage of 14 4 do, the unregelated supply needs 2 tranaforn,

(437003




FGIRY a2y
Hlepce, 2 HE2V 2 o transivomer would be vogared
The charging current should be about 10% of the battery vapacity. Flonce, for 3 60A1 E battery,

SA would mitor. This aiso wnphies that the Ganstformes must be able to debiver 64 current ol the

sprd Tled changng voltage. The curput wave Ram after rectifivation shown i the Higure below

Fig3 4.4 Hectified d.o Yoltage

dependent i power supply Froquensy

dv o 2% and o

e
-~




O33001F (Neaves Proferred value)

3.4.2 COMPARATIHN STALE,

~ N 5.

The functinn of the comparator 1s 1o compare Bwo soliages an dopive an culpul, Wi

this ciroudt I8 e

W they are egual or unequal The comparalon stage i
battery i3 charge. A reference voltags of 12V is applied to the non- imverting mput of i

5y oamd By

comparator, genermied by the drop ao

v
P

v
)

When the charging voltage is unpressed on the batlery, drops and increases exponentiglly as

the bottery chargzs. When the battery 18 fully charged, the voliage on the battery rises i3y the

Hostod such that st IREY adropof 12V with e at

charping

the iverting input of the comparator. Thisoy 4 the compasaier st the throshold of swit

il increase this woliage, which will conseguenily cause the oulpul of

rechatcd

st any further chaysy

3

the comparator t drop. The drop s use o BE T the iype fHp-flop which in turs swilches

oft the fransistor controtling relay.

The comparator stage is shown fig 4.2
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B i 3
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i
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& i
b ¥
i
i
3
H
{ :
b i
Y
B e
v 3
i H
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: §
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; {
: H
: i
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Fifs 142 CORPARATOR CIROCEY

open foop voliags gain

-t

L diiTerence in volags since AD s offen very large

[ S- ST
{11y OF(

v tends 1 go above HAY, the drop across VR tend fo encesd |2V, hene

the outpat dinp 1o Y. arst swiiches # frapaistor chouil swhich control a relay tha ool it the

343 BMONGHSTABLE BESIGH,

‘The monostable muliivibraior s s form of relavation oacithaior that anly has

e the pudtivibrator goes 1o s un wrable state for thoe

ey TR and turas to e stable state. The trigger © andiion for the monostable 5 et the voltage

fhe 13 Ve

O




T achieve the srigger combition the voltage at the trigger ie not discharge. the drop at in

see of the battery is seb 1o be $20Y. Henco, the

bBigger wput 15 juu 173 %o The discharge

Battery s assurmed t be disohar when 1 s 220V The Yoo of the Sy s

ot o focks

et
~

> (G 4T i-flop and ps i the set made o allow for

e

(34

»

Fazsy

U

34,4 LM CONTROH.

The lopic control is built around & L type Hip-flup. 1t is the fHp-fop that tells the syslem

s ihe battery, The operation of the systen in desgribed w the

when 1o start and stop charg

truth tabie beloe

s

g3
o

A
e
.

X Dron't care
i Ristng edge
{¥and ) Onutputs

i3 Data tpnat

Thy fewde control chiouit operaies i 4s set and hold mode When the monostable sends

clock signsl, the Hip-flop shils data from the date mput to the £ utpat o stad charging Whon

ke

the buitory 18 charped, the comparator semls a low o the reset g 1ooset the 8

5
H
H

ip-tlop o bold

mode 10 stop the charging The diagram of the Bip-Hop stage is shonwn in fig below




FIC 3.4.4 T-Type fip tlop
38 BIGITAL VOLTMETER

3531 VOLTAGE CONTROLLED OSCHLLATOR

3

Y

1

¥

:
PUPVPRREUUPN

IS ST al &Y H ;

ke S+ AP RS

FIG 351 & VOLTAGE CONTROLLED OSCILLATOR STAGE
The C4046 15 5 OB PLL which has an isternal Yoltage Controlled Oscillator,
Yhe wystens has an offsel velage wen 2000 fast thin could Do tabon vare of Bom the oald

cirgastt s tho Counier

2 4 ix wparadtn: b § RIS S ST NP ra e
The frequeney of the uscifator 1 given by

P
d

01 agd 108
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~Fv

22 {OUNTER CALIBRATOHR

s
o,
-~

The Taiidecads counter form part of the frequency couster stage The 7490 hawp

already boen anelyveed in the Hterature review stage The 7490 reneives olock pulses throogd

clock input from the AN gate.

HR bt the

The clocking sequence for the 7490 counter is basicaily for ap UP COU
natnre of counting i the froquency connter 1 such that the coumers arp alivwed Lo count for 2

1

fGced e confrol and the connt stored in s fatch befbre resetting ocours. Por counting o o

the resed inpuits {ping 2 & 33 must be LOW, and for laching to be enables the LE {Lateh Frable)

gt st b tigrered by @ LOW o HIGH dock tansition. Hg 2572 shows

copsier

Ly

the reset inputs mes go LW, Since

three-derade connt

sy 1 s masimn speed of sbout Wkt 1 the sal

cascading

.

The T490 have no carty oul outpul bencp the most significans bit (MBLL cudp
; i i .

commecied t the clock mmpat of the pesd as shoes Bow

k]




P LA 2 CASCADE 7490 BECARE COUNTERS

i

g poirol is done vig i reser ping 2

o

i con

ansh rengiing.

batehin

P L et S P e H - H H
¢ i : : o H :
! : ! : ; : {
: ! { |
: i ; i ; ;
3 3 H H 3
: ! § i
: i i 1 i
| § sz
j z‘ :
i : i A

PGS h SFOUENCE (8 COINT, LATOH AND BESET

1.5%  BFOODER/BRIVERN AND IHRPLAY.

it

The 7447 s 7 - segment decoder which accepty 2 4 - bit BODY and produses

appropriste outputs for selection of sy

representing the decimal nunshers G Y,

et the corresponding ¢

The outpst {abo defand gy of the decods

figure below

segment displaving srrangement used for

i as shonwn in the
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354 COUNTER CALIBRATOH

g U7 and thiy fod o the

The counter calibiotor generates the sequence shows w G

The counter cabbrator

comnter and the i

oty s shown i g 2 5.4




FHG A4 COUNTER CALBRATOR

Since Vo contre freguency 1o TkHz, at madmum voliage input fre

ey count shogid
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For duty eyvele of the putput wavefian 1o be symmetyical

Lo - Basd must be &~ B {H4y), hence

fetting

e bk oand U= 8l then from
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CHAPTER FOUIR

TESTING, CONNSTRUCTHON AND IMPLEMENTATION

3

LU ODNSTRUCTHIN AMND IMPLEMENTATIHIN
The comsuuction of the project {felectronic power nverter or SH0V A digital ups) was dune Y L0

giiforent shayss,

. The soldering of the components on different Yero boards.

i the casiy.

Fromt the fasished waowk, B coold be cmphasred that the coupling o the projedt was done on

Yero board and 2 printed croust board The posted chrouit board was used 1o 1

thyes

sy pnestels ueed 1 the driver stage and class b amphifior st

seddering of the pow
farpe smeunt of heas dissipaed from the mosfer

.

2 of thres Vero boards cnables or gives the opporiomty o isolate each

stage when the need for troubleshooting of the projest arises and also reduves wrror 1o the

mponents. Henoe, this gives the user the opportumiy 1o troubleshoo the
{* : K

u fault ariee

The fgure below gives a clearsy desoription and selfexplanmory tps w the construntion of the

b upa B oalse indicates how sach somponent was mounted on different Vers boasd,

Figured 1 shows Yero board | and the various components mounted,

Franre 4 05 shows Yero board 2 which & the cscillator and driver stagn.

Figurs 4 00 shows Vern board 3 containing the ADC and the power supply of the charger.
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Fig 4.0 Back view of the casing

4.7 TERTING.

Afler carrying out the paper design and analysis, the project was isplementerd and lested
ensurg i working ability,
All necessary connection and soldering were carefully wade and the digdtal ups was connected 1o
a Yavols SOAH battery,

Druring the testing. i was ohserved that the op-amp voltage swings were nob synmetrio and
the cuiput of the inverter was high &t no-load condition,

The ouips vollage wes then measured, thereby making it sale 1o connict various toads to the

cutput of the inverter unit,

4.2 PROBLEMS ERCOUNTERED.

Sevies of problems were snvountered during the inplementation, construction and testing of

the project, which are as follows,;




(2]

The efticie

The transformer was diflficnlt 1o obiain but was later ondered

The pransformer was heating during charging, 2 cooling fan is highly recommended

< B i " i

oy of the system i ghout TOpercent. Hence, 2 600va ups was designed so

the efficiency fngses would be compensated

The power mosfels were dissipating heat. Henoe, begt siuks wers placed on each to aliow

¥

back civouit 1o control the output

Fhe b

PR eoes high on ne-load condition. Putting g fead

i

readd sodve thes probiom

Fhe L s Flence, suly vollages between P80 aml

240 are anvurate,

A softesre module shoubd by designed for the upsfinverter
“




CHAPTER FIVE

CONCLIUBION AND RECOMMENDA TN

g CONULUSHIN,

The p it

T

2o considering suma factrs such as seonomy, availabifiy of components

artd vesearch matenals, officier

L compattbality and portabiity and sbso dorabiliny

The performance of the project aflyr fest me destgn specification and bence can be said 1o

hoe spiyainoiony

The general uperatton of the project and porfirmance i dependent on the wser who s prone
1o make buman errors sush ss bauery polaity veversal, overhbsuling eto. however, there s

provision for overload protection using 2 fuse in the oulput

b addition the constraction was done o such a way that B makes mainienance s reps

;i« nOAv:

asy task and affordable for the v

The project bas readly copesad power clecirosses and practical slecreios ss well as me 1o digital

138

grierably winch w o of the wawy challenges T shalt roest o my field now and in the futurg,

upsfinvertier was qite challenging and tedious when compared 10 3




P owish to thank the department, my suporvisor and project co-ordimator for ghving ms the

gpportanity 1o carry out this project wirk. However, e every aspests of englovering, there &

wer research on the prodect as suggesied in the recommendation

rooin for wnprovenent and fu

5.1 BECOMMENDATION

s 1 would recommend that fusther work be done on the ares of the digil

st g wider bnear range.

b The sheprrtoe should obtrin more digital stmulaiors and QPGS
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