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ABSTH,ACT 

Certail, types uf l'k-l'tril'al l'qllipnlL'lIt stich ~I" 

computer and cOlllmunicntioll dc\'il:c an: n:ry ni I ielll \\ hCIl 

it COIll!~ to the lJllality or their power sllppl~, Ilarmful 

innlle,i~es. electrical surge alld pO\\l'r lllltragl' call he \"l'r~' 

disturbing, , 

'Hence the. necds Ii II' l' PS l'anllol hc me I 

emphasised. the UPS m\lsl provide At' lllltplil stich Ii, 

means of failure is unelcctcd by the wad, This pro.iect 

highlights the ~esign und conslructiun of an llllilltL'rrllptl'd 

Power Supply. 
I 

This mude possibl~ h~' lise or high turn:nl Sl'I11I-

conductor FET (BIPOLAR I switches that Cllll\L'rl 1\ 

voltage to an equipmcnt \1~ changing 0\ l'I' to ~ln ill\L'rtcd 

backup D.C voltage in thl' l'\ CIl! of mains lililurc or lllhl'r 

irregularities in the Illain~ stlppl y, 

During the process III' 11K' cirl'lIil dL'si~lll'd 1(11' till' 

UPS, variolls factor slich a" change OWl' spl.'l.'d, PO\\l'r 

v 



quality and eflicicnc), "l're amongsl I It I.' vanolls 

components employed, Thl' pulse ohtaincd Ihllll :;:'5 til1ll'rS 

Ie in which the output sigllal is divided illtll I" Il by the 
'. 

help of lK, FLiP-Fl.OP, This two signal \\I.'IT uscd In 

drive the switching circuit ill the in\'ert~:r unit. 

The (liPS) llllil Wl\S ~ksiglll'd hI 1.'1l1l\crl ;1 I ~V d.l' 
30a maximulll s\Ipply lu Iced U (,()()",uIlS 240v HI.' load at 
50Hz, 
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CHA'~TEI{ ONE 

1.0 INTltOllUCTION 

When electric,,' p~l\\ l'l' is gCllcrall'. it is both dl'~111 

and stable. but during tnlllSlllissioll alld distrihul ion. iIi S 

subjected to a variety of harmful inllucUl:cs Ii"\.: electrical 

systems, noise. Imoge vflriatioll ill loads and accident 

resulting in blackouts. 0\ 1.:1' voltages. under \ ullage alld 

voltage spills. All ,thcse plI\\cr supply disturh"llI.:es IlLlV 

cause some of the sensitin~ equipment to strip out. The 

supply problem can he 0\ l'l' COIllL' h~' COIl11L'dil1!:!.:" 

uninterrupted power sllppl~ (liPS) hetwecn' (;\C) input 

power supply find sCl1sitj\'e load equipment. \\ here it will 

not only clean up any supply aherratioll. but will also 

maintain the critical loud during a cumpkt!.' outragl'. 

Uninterrupted pO\\\:r suppl~ prm idcs hOlh Pu\\ l' 

conditioning and back ups. Basic~llIy. UPS consist (1: 

battery charger. the inverter. lilter. and battery hank. Tht 

filter and charger convert the AC po"er source to DC. TIc 



battery ban~ i~ the source ur D,C suppl) tll till' ill\l'I'lL'r. 
I ,~, ' 

when there 'is m~lih pdwcr lIutrage '~)r hlilurl' it will l'iI~ 

converte~ tQ AC tn re~~ thl' load through stalic by-pass 

switch. 

Uninterrupted pmH:r supply is lIs~d III suppl~ 

computer, industry und 'uil' traffic control syslem where 

power failure can cause dalllugcs to the loads, II PS systems 

achieve this by rectirying thl' standard main supply. lIsing 

the current to charge the standby baltery and tll produce 

I 

"Clean" alternating' current (.'\C') by pressing through an 

inverter and filter system. 

1.1.0 AIMS AND On.JECTIVES 

\The uninterrupted pll\\Cr slIpply is designed tn Iw\(: 

output If 500VA that can carry a maximulll Iliad or ()<:;() 

", 

watts with a voltage output ul' 220 volts IlU' dural ion or om: 

(1) hour Ininil11l1l11, 
,~ , . 
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1.2 BASIC STI{UCTlll{E OF UPS 

The uninterrupted p\l\\ er suppl~ is madc up of 

inverter. charging unit. over loading protection, low baIlLT:" 

detector andchaJ,e o\'er s\\ ill'il. 

1.2.1 INVEHTEn 
, 

An inverter is a d~'\'ke thai Chiflgl' d,l' power illio 

a.c power (just the opposite uf converter). Thlls providing 

precisely regulated output \ 'I/tage Hlld I'll'qucm: ~ 10 11ll' IUild 

when there is power outrngc. 
, 

1.2.2 UATTERY CIIAIUa:n 

A battery charger is all electrical dl'\'ice Ihat is lIsed 

for pUlling energy intn a h:tlllT) , Till' halkl: chargn 

charges, the AC frol11 the power linc III DC suitable 1(11' 

charger, The charging unit also includes rectifier, which 

can be full or halfwa\'c. 

1.2.3 FILTER UNIT 

The output of convcrter from transformer is a StlU;" 

waver known to sinewa\ l' super imposed IIIl several 

, 
.' 



harmonies. it is the liller lIIlIt Ihat \\ ill Ii Ill'rlllc lIallslill\llcr 

output signal to prevent damagcs to inductive 10<lds. 

1.2.4 OVER LOADIN(; PI{OTECTION 

The ovcrlomling prllh.'l·lillll is IIlillk up "I' 1'1I~l' III 

protect the systcm from 0\ 1:lllIading. Till' 1'1ISl' is pl'rli"ps 

the simplest "l1d cheapest Ii. I I'll I of protcction and is lIsed 10 

protect low voltilgc CqUiPIlIL'1l1 against (l\ crloads and sholl 

circuit. The maximum vahll: or currenl Ihal fuse wi II 

conduct without mC,lIing in this project is 2 <Imp.;. which is 

known as the fuse current ratillg. 

1.3 TYPES OF UPS 

UPS can be c1assilied into the Iilliowilig categorics 

dependillg on the way it ~\iI" dL'sign to IIpl'ratl' hlch or 11ll' 

categories has it" sown ,I(h antages and disalhantagl's. 

Basically we have four (4) t~·pcs of UPS. namely Dual 

Track UPS. Double conversillil lips. IlIlTlIl'I.:Sllll:11 UPS ,\lId 

single Track UPS. ! 



1.3.1 DUAL TRACK l:I'S 

This is a S),stcll,1 Ihal contaills a stahle b~ -pa,,:-, 

alternative power path. IIIV altl..'l'Ilali\ l' 1'11\\ ~'I P;llll j" 

switched on when the illVl'I'ICI faulty. The ad\'alllilge or this 

dual track is that when till': inverter filii and ra\\ PIl\\LT 

present. there is 8tm slIppl) III Ihe loud. 

The advantage of this system is that is always :1 

delay of microsecond in the switching over Ihml illvcrll'l' It) 

main supply see ti~. 1.1 for dual tracks diagram 

1.3.2 nOUDLF. CON\Tn~ION liPS 

The double conversion UPS has a hug\..' charger and 

the inverter. It is basicall) a different from or sillgle-track 

system.: The chql'ger cOIl\'Crlcr <lnd the in\'\!l'lcr rL'L'onVl'rtI'U 
. \ 

the DC to AC and supplies 11ll' loads through static bY-P;lSS 

switch. 
~ , ; 

", {" 

The charger is 'an~e enuugh so it charges up a standby 

.' '. battery .. On del~~,jng u I1li1i liS rai lure. the shit il..· by-pass 



switch needs the invertl'1' 1"1'11111 thl' halll'r), alld p\l\\ \.'1' 

\ 

stippiy to the load is recol'lk'd uninterrupted, 

The disadvantage,s arc Ihul any fuuh \\ itll inn,'l'IL'r 

loads to the illilme of I hI,.' \\ hole SYSh:IlI, Sl'\.' the hlm:k 

diagram in tig. 1.2. 

1.3.3 FORI{O,tESONANT UPS 

The fbrruresPllunll'PS is IlUldt:-up "I' -;1l1~dll'hal'~~'1 

battery, an inverter and a furrurcsullanl. 

The forroresonant transformer supply tn the load 

when the main p'l\v~r is anlilablc. 

The fOHn-create Ilur~ sine wave from thl' battery "ill 

inverter when plah, power i~. ill acceptable. 
, 
\The main dism.lv~ntugl.' is tlmt it lIsf forroresonant 

, . 
transformer, which has th·: uniqll\.' dwral'krislil' (11 

, , ' 

providing, the lev~hctf po\\'~r prolection needed in lJ PS, It 

aJternates spikes of high voltages and surger ill the maillS 
• I 

are absorbed by it. It stores dectrical clH:rg~' (Ily whcl.' I 

• I 



. -~. 

..... 

• I 

, , 

I i 

effect), which ,lids in tillillg micro hreak lip tu ~Ocms ill 

dur~tion, See block diagrUlII in lig. 1.3. , 
1.3.4 SINGLE TRACK liltS 

The single trucks lIPS is n system 111 "hkh 111~' 

inverter is alwnys lit work whcnever thc sysll'm is ulldn 

operation. " is n tw~) hlut'k system whkh I'calmes " 
. , 

,.;,' :' 

rectified power Jlpplietl 'q the hattery ullll simultaneously 
I .'. 

been sent ~Q 'h~ inverter !hl' i\C convel:sion. No swilL:hillg 

. take; thus no sysJem disr~,p\itlll, More so the hattery must 

keep charged Ql the ,rate clllHlI to the rate al which pO\ver is 

consumed. 

The load is protected from AC clcctrical inllucllcl'. 

The ~isadvantage of this single charge \\ ill Icad III 
\ 

,complete breakdown or \hl' s~ stcm. Also this t) pc of liPS 

is bulky, this is due to the large transformcr that will he 

used at both the charger Hlld output. Set' the block diagral11 
f 

in fig, 1,.4 . 

7 
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1.4 METHODOLOGY AND THEORY OF 
DESIGN' 

1.4.1 RELAY 

A relay is a device used to control a large flow II r 

current by means ofu 10\\ \ohagc.IU\\:'curn:nt l'in:uit. It is 

a magnetic. A Ilush light cdl is lIscd to cncrgilc thL' 

electromagnet. This circuit is controlled by the switch. 

When the coil is magnetizcd. it's attractive IlliTe pulls the 

lever arm called an ARMAn IRE towards .thc coil. TIll' 

contract points on the armature will open or chi 

depending upon the mTall~l'l1Il'lIt alld cOlltrol till' 1,1I'!!l'r h i ~ I 

voltage circuit. 

role 

.' Relays are in varieties of lorms allli play importa::, 
\ 

\ 

in electrical clI!:;!lIleenng example 

telecommunication and aUlomalic control c.l.c 

The internal diagram of a typical rclay or 

electromagnetic material is shoWIl in lig.. 1.5. The rday 1'1'-; 

a coil fwire. an iron core and all iron yoke "hidl senT" (lil 

easy path for t1own, impan" the p()larit~· if the rellr L'I. ,I i I 



· ! 

the armature which is thus powerful ulIl'm:h.:d t-y . he 
\ 

opposite polarity of thl! Ih lilt aillt Ill' thl' l'O!'l' 

1.4.2 TRANSF()W\IEI~ 

A Trunsl<lI"IllCr is a sl;II il: (01' Sial illllan I PICI:l' \ I r 

apparatus by me,lIlS uf "hidl clel:trit: po",,:!, ill UIIC L'irclIil 

is transformed intn electric flll\\er ef the same rrL'qut:I1" ill 

another circuit. It CUll raisL' llJ' lower the \ o It a !.!t: ill a cilcuit 
I -

but with a corresponding decrease or int:reasc in 1:1I1Tf'Ilf 

The physical basis of a transli:mner is mutual inductioll 

between two circuits linked by a common magnclic flux, 

A transli.>nlle .. consists or two or IIlme coils or wirL' , 

wind round u common lalllinated illlll l'llll'. ,\ kl'\ 

advant~ge of transli.mner is Ihat they call he ust:d III 

,in~rease or decrease vol\a!:!c depending on the IllIl11hcr ot' 

turns on the second,! .. ), willding, On a secolldary ha\'illg 1\:';-.; 

~urn tha~ primary. voltagl' is decrease and ill this case it is 

called steps down transli lI'IllCr. On a sCl:ondary having. 

10 



J more turns than the prim"r~, \'ultage IS IIl~r\.!ases. I ~ ;; 

called step up tntnsfonner. 

The principal complllH:llts of transl'Urllll'r arl': 

(I) COI~E:' This i~ laminated irlln Shl'l'1. \\ hi~h IS 

insuluted to rcdll~l' iron loss, 

(2) \VINUINl;: '1 Ills IS thl.! nlllllh~T 1I1' llllll 01' \\ I' ,; 

on the sccondar~ and primary. the ratill dl'P" S 

on the application. 

J The following arc important Illrlllular Il))' 

transformer designs, 

(3) TItANSFOltl\l Elt ItATIO. 

The constant K is knu\\ n as voltage transformation 

ratio. 

(i) If N2 > NI i.e I, :- I. then till' t ra 11 S I'lII'lll\.! r I .. ; 

culled st~p up 'rails r(lrlll~·1. 

(ii) If N2 < Nt i.e K < I. then the trans Ilmner IS 

called step do\\ n IraIlSll)rmer. 

II 

, I 



, I 

(4) INDUCE E.I\1.F 

E = 4.44 FT'() X IilL ~ \' 

Q=BXA 

F = Frctlucm:y. T :, Numher of turns pl'r \\ inding 

Q = Flux, H = Fltl\ dl'llsily. A = t'ross sectiollal 

area of the core, 

(5) PRHvl/\RY U.)UIVALENT RLSI~ I ANl'1. 

= R, -I cr,1'J d R2 

(6) PRIMARY E(,)lIIV ALENT REACT/\NCr: 

1.4.3 FUSE 

A fuse is u smull pil'ce of wire conllected ill 

between two terminals lIlounted on insulated hast' and 
\ 

, 
is connected ill seril-.., \\ illl th~ -cin':lIil. Ih~ lIS( is 

perhaps the cheapest and simplest forlll of protection 

, I a~d is bsed for proll:cting low voltage 'equipment 
" 

against overloading alld shllrtcircuits, 

, ~ 



, I 

I I 

• I 

The fusc is exprcssl'd 10 carry thl' nlll"llIal \\orkin!:! 
\ 

'current safely witlllllli 0\ er heating. and durin!,! 
, I 

overloads ur short cin':lIil~, il h..:aled lip Iu 1I1..:llillg puilll 

rapidly, The nmteriul)l lIsed normall) arl' lin. Icad. 

silner. zinc, aluminum. copper c.l.e. 

1.4.3 LITEltATUltE ItE\'IEW, 
I 

Theoretical ilnd experimental studil!s or electricit\ 

during the ISlh and 191h century led to the development (. 

, the first electrical machines and the beginning or the wide 

spread used of electricity, 

The histury uf l'lecIl'llnics beg.ins 10 eHII\'e 

separately from thut of eb:tricity late in the 191h century 

with the identificntion of electronics by' 'lhe English 
\ 

p~ys,icist J.J Thompson ul,d the IllctlsurcmclIl of it's electric 

charge by the Americm, physicisll'./\ Milkman in 1909. 

With the breakdown in integrated circuit and semi -
I 

conducto~ micro processor chips haven been design and 

used as, eleclronic!S compOllellts. The Ill'cd fir cOllstant 



. ~ 
" 

• I , 

. I 

electricity supply nil afOund Ihl' \\orld is ill high dcmalld. I 

this part of the \\udd rl'gular pll"~r L,illlll' i~ Ut'll'll 

experienced ami I hI..' 1ll'I..'d 1\1 ... hidd or 1l\\IIt,:d '<lllI;i1,I·, 

information from the cUIllJluler is vilal. This kad 10 Ill\.' 

invention of UPS. 

device in the event uf p(l\\er lllilragl'. It nllo\\s Ih~ liS,,!, til 

the critical load to safely shut dllwn their de\i<:~s, 

Though, th~ project has heen \\ IIrk upon "illl 

ranges from 250VA to SUOV.'\. The scop~ ur this projecl is 

to improve all the work dunl' in lerms of powcr oulpul 10 
I 

600VA. less 'uilun: rate, longcr lime or operalion. trickk 

chargi{lg current e nh:icllc~ \,.' ,I.~. 

1.4.5 PROJECT OUTLINE 
I 

the scope of this prlljl.'l'I is suhdi,'idcd illln l(lUr 

chapters. Chaph:r Pill' ul' con:rs aims and ubjecti,·s . 

and also captains the literature revie\\'. mcthodology 

14 



• I 

"'.. 

• I 

and various types nf ups and general illlruUllI:lilln ahulil 

the pro:ject. 

Chapter two clIllIaills I ilL' S~'SICI11 (ksi~n ~i\ ell hriel 

explosionir puwer sllppl~ alld the conn-rsiOil or ()(" 10 
! 

AC inverter section. thl.' halll:ry chargl::i (irl"lIil 1I11it <llld 

explains analysis nf ClIIllPlIlll:\lts used in design alld 

principle or openUiun. 

Chapter three dents with slHges ullllcrgnnL' durin~ 

the construcliOll process. system tcsting and discussion 

of results. 

Chupter Ihur contuills rL'l"ol11ll1cndat ion wi I II rl'sllL'l"t 

to the result m:hicvcd alld 1i.1I111\! illlpnl\ l"llh:111 dllel , 
~. ~ 

conclusioll t>as~lt on result m.:hicved during thL' projc( 

work. 

1.5.0 ON - LINE ANI) OFF - 'LINE 
CONCEPT 

UPS can be categories into on-linl' and olT-lint' 

concepts based on the modc of operation. 

I:' 
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I.S.1 ON~I.INE ('O~( 'EPT 

, 
The on-line liPS is a systcm whil:h the ill\l'rlcrs 

always at work whellc\'l'r till' system is under openllioll 

whether the Illuin power i:-- Oil or orr. 

. H takes in rU\\ PO\\ cr i\. (' input alld COil \ ens It 10 , 
DC and '0 the AC vin inverter and supplies thl' load. 

The loa~ is essentially isolated from the raw power 

supply input the huck lip is provided by illl internal 

battery, whic'l' i!l COIlIlL'l:h:d to thl' ill\l'r!l'l' ur Iii:'" 

battery. which is connected to the invcrll:r or lipS \vhCIl 

the input power lilils. Till' hattery L'Ulllllailltaill till: tully 

rated load iiI' ten minutes. but the period call be more 

than telllllinutes if highl'l' load is connccted. 
! 

The ndvantugc of the design is that the components 

are over stressed sinn: the inverter allli L'hargcr are 

constantly at \vork whelle\ er the sysll'nl is lise . 

The bluck diagram or oll-linc is sho\\ n belll\\. 

1(, 

Fig. 1.5 BllH:~ diagram or on - linl' ll.P.S System 



1.5.2 ()'~f -t.I N ": ('ONCf, PT 

The off-lin!: is " S) stem in which liming mains /\(' 

inputs power feeds Ihe.' load directly via Ihe tiller am, 

when the nUlin~ !\(.' IIIPlilS lilits .~hc lilli, S\\ IldH:S III 

inverter ll1od~ which l.'Oll\crt Dl' Ihll11 bailer\, to /\ l' 

and use it to r~ed 10ulI, 

When llurll1ul Illuins inpul supply is h.ick. Ihe liPS 

autolllatic"lIy starts up \\ ilh a aid llf a 1'1:1:1) S\\ ilch ami 

the battery starts charging up immediately 1(11' further 

use, The off-linc desigll has great advantages over the 

on-line, 

The advantagc or Ihis orr-I inc cOIH:L'pl is Ihat it has 

the" ability of supplying power to the load. /\Iso the 

components is Ilut ()\ L'r stressed as Ihal or lin-Ii! " 

which is thaI, raw maillS slIpply \\ ilb \.klrillll'lIlal 

influences is supply' 10 Ihe loads. \\ hich call caLIse 

,-
" 

damages to the load. 

The block diagram is shown bdo\\. 

In p,.i 
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CHAfTERTWO 

SYSTEM D~S'GN 

2.1 VOJ.,Tt\GE REGULATOR 

This is positive voltage regulator that maintain a 

regular voltage at it's output. the fixed voltage regulator 

has an unregulated D.C input voltage applied to one 

unit terminal or regulated output DC voltage from n 

second temlinal. with the third terminal connected to 

ground. This type if voltage regulator allows 1.5 fit load 

current if adequate heat sink is provide. The purposcOf 

the heat sink is to absorbed heat generated due to the 

internal power! dissipation's, current drawn by the 
\ 

power supply load may have a wide range of values. n 

addition, the temperaturelllput voltage. A regulator IS 

normally connected between the filter and the load. 

designed to maintain' a nearly constant output voltage 

fir anticipated various in the input voltage. the load 

current and temperature . 

18 



• I 

'. 

An ililportant figure of merit IS the voL:\'· f' 

regulation. It is defined as the percentage charge in the 

output resulting from a specified charge. in either the 

input voltnge or the lond clirrent. 

, INVERTER SWITCHING 

2.1.2. This is important parts of inverter where the battery 

D.C voltage is being chopped to obtain AC equivalenl 
I 

voltage. To accomplish this. the use of flip-flops is 

employed. The flip-flops has two output ~ clock. the 

input signal are 1.K and also two output are Q.O'. the source 

is connected to the Darlington pair - transistor where the 
I 

emitter of one is directly joined to the other. To obtain 

balance circuit the sources have been return to ground :1d 

"is connected to the centre tap of the primary 

transformer. 

Since the two different pulses generated are 
~-

alternating, it means that when Q is ON 7J is OFF, the Q 

19 



pulls the battery potential connected to the transformer 

centre - tap to earth. resulting in an upward swing. As soon 

as the first pulse goes to' zero the second pulses goes high 

triggering on Q and tllrn off Q. Q ta- also pulls the battery 

voltage down to earth to obtain a second downward swing. 

This two swing on getting to the transformer are coupled 

together to obtain I a square wave whose peak to peak 

voltage is twice the battery's potential. 

Fig. 2.1 shows the circuit design for inverter circuit 

2.1.3 PUSII ANI> PULL SWITCH 

Push and pull switch is usc to switch ON and UF!-

the circuit. If it is pull i.e On the circuit will start workil'~~' 

but if it is pull i.e OFF the circuit will slop working but the 
, I 

battery will continue charging, it doesn't a ffect the 
, 

charging of the battery. 

2.1.4 TRANSFORMER DESIGN 

.'" '. The transformer is responsible for coupling the 

swings for the switching transistor togethcr to gct a low 

20 
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voltage AC at the transformer. It also steps the low voltage 

'up to 230V at the transformer secondary, The size and (:c 

coil gang of the transformer suggest it's power hand!: !g 

capability. 

Well. in this project, the transformer is designed LO 

power wad of 600V A. 

Battery voltage = 12V , , 

Peak to pea'k value at the primary coil is 24V. 

Vr.m.s = 00.0707 x 24 = 16.8v 

At secondary winding 

500124 = 2.0SA 

So, the wire guage that can stand this current from 
I 

magne,tic wire specifications ANG. This gange will support 

maximum current of 2.0S", , 

Gange ANG 17 was used on secondary winding 

Number of turn per unit volt = 8 turn/v'?lt . 

21 
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Where N I = primary turns 

N2 = Secondary turns 

EJ = Primary voltage 

E2 = Secondary voltage 

I J = Primary current 

b = Secondary current 

2.1.5 DARLINGTON .. AIR TRANSISTOR 

It is the name given to a pair of similar transislors 

so connected thut emitter of nne IS directly joined to the 

base of the other as shown in fig. 2.1 (a) obviollsly, the 

emitter current if Q I becomes the base current of Q2. 

\ Darlington pairs are commercially mounted II a 
I 

single package that 'has only these lead; base, collector and 

. 
emitter a~ shown in fig. 2.) (b) it often forms a double CC 

stage in multi stage amplifiers. It is so equivalent to two -

cascade emitter follower. 

22 
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MAIN CHARACTERISTIC 
I 

(i) Current gain 

It can be proved that current gain of Darlington pair is 

(1+81)+ 

(l +82)=(1 +13)=(1 +B)2::::B2 

I 

If the transistors are identical 

Proof 

I B2 == I E. 1 = (1 + B I ) 

lE.2:::: B.2 = B1 B 1 B.1 

Ai = 1E.2/t B.1 = B 1 B 2 = B 2 

It means that a Darlington pmr behaves like a single 

transistor having a "beta of f3 

it INPUT IMPEDENCE 

In fig. 2. t' (a). The input iIilpedance seen from the 

base of Q2 is ri.2 = B2 (re.2 + RE) :::: RE 

Input impedance is as seen rrom the bases of 02 is 
! 

rio 1= BI (re.l + ri.2) = III 

23 



Re.1 + 81ri.2 [\1 rc.1 + 82 RF::::- BI [\2 RF or rm (hase of 

QI = lURE. 

NOTE: If there is' a load rcsistance. RL couples to tIl(: 

emitter of Q2, then ri.1 - 82 (REIIRL) = 82 rEo 

As seen, load impedance RE has been transformed into 

82.RE obviously, n. Darlington pair is capable of high input 

. impedance. In fact, whehever a load cause severe loss in 

voltage gain (loading effect), it is usually to step lip load 

impedance via a FET stage, a single CC stage or Darling! ~\n 
,'j, 

pair when much greater impedance transformation is 

required. 

(ii) VOLT AGEGAIN. 

A lIf' re/Re + RE = III + relRE ::::- I 
\ 

ADVANTAGE OF DARLINGTON PAIR 

I 

I. It has normous impedance transformation 

capability i.e it can transform a low -

• I 
impedance load into a high impedance Ie: . i. 

Hence. it is lIscd in a high-gain operah·nal 
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amplifier which depends on very high input 
I 

impedance I()r it's operation as an "mpli fiet'. 

2. It was very lew components. 

3. It provides very high J3 - B valu(!. 

2.1.6 TLC 555 TIMER 

As the name implies. TLC 555 timer are use as a 

. ! timer in various electronic instruments. TLC 555 !itiler 

• I· 

• I 

fabricated through complementary Meta oxide seml­
! 

conductor (Cmos) process. It is capable of producing 

accurate time delay and oscillation due to it's high inpl ~ 

impedance. 

\ TLC555 timer can be used as monoslable or 

, bistable in Blly circuit depending on the ways the resistor 

and capacitors are connected to it. It can he mOl1ostahle one 

. resistor and Iq lit. one capacitor while eslable more 

than two resistor an~ capacitor. 

25 
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The Cmos process allows the TL(, 555 operated at 

the frequency up to 2 MHz. Ii also consume very low 

power typically I MW at Vee = 5V over a wide range if 

, " supply voltage ranging from 2V RE 18V. this is now th(; 

output pulse is been generated TLC 555 timer. 
1 

2.2.1 CONTROL SIGNAL GENERATION 

The driver switching signal was generated lIsing TLC 

555 timer as an estable multivibralor. 

At the time interval when the capacitor C charge from 

113Vcc the output is high. the time interval is given by 

Tmqh = 0.695 (RA + RB)C. 

, I· The most output is low when capacitor discharges fr~'11 

2/3 Vee and the time interval is given by T low -= 
\ 1 

\ 

0.695RB.C therefore, the oscillation period 'T' is given by 

T = Thigh + T low = 0.695 (RA + RB) C + 0.695 RB.C. 

The frequency of the oscillation F is given by'r = lIT 

= 1.44/(RA + 2RB)C 
I 

I . 
1 : ,I 
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Well to obtain the frequency of I OOllz at output. the 

flip-flop divided by two (2) help us to divide the frequency 

by 2 to obtain 50Hz nt the first half circle. equal to second 

half cycle. 

The value of the RA is chosen to be I k while RB 

value is chosen (0 be 14k'O. The capacitance of the 

capacitor C is as follows: 

F = 1.44/(RA + 2RB)C 

50 = 1.44/( I 000 + 2 x 14.0(0) C = 1.44/(29 .. 000)C 

C = 1.44150 x 29.000 = 1.4411 45.0()() 

C = 0.000000993F 

C = 0.9931k 

, I Fig; 2.2 below is a circuit design of control signal 

generation. 

2.2.2 FILTER DESIGN 

A filter is a circuit that separates signals at spec I fie 
.~ 

'. 
frequencies. There are many filter designs' for example. 

they may be designed (9 pass low frequencies and reject 

27 
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high frequencies. tn rcjc'ct low frequencies ami pass high 

frequencies; to eithcr puss or rejcct spccilic rrcqllcm:ics 

band. 

In this project, the filter needs to pass low 

I 

frequency, yet decr'ease the high frequency currents. This 

filter is called a low-pass filter. The circuit has a resistor or 

an inductor in series with the signal voltage. And it also has 

a capacitor in shunt or across the link. 

As the frequency is incrcased. the reactance 01' I 

increases so large an amount of voltage appear across L. 

. Also as frequency increases. the reactance of (' decrenscs . 

In a network of RCL circuit, there is a frequency at 
t 

which Xc = XL. Since XL increases as frequency increases, 

; there is one frequency at which thet"are both equal. This is 

the resonari'E.frequency of the circuit or fo. 'fhis particular 

circuit frequency' may be figured lIsing the reso;'ant 

formular. 

Fo = 1/21t~Lc 

28 



This formular i~ aimcd at lIsing the following steps at 

rcsonance XL ~~ Xc or 2n,IL .~ 1/2nfc. 

r = 1/(2n)2nJc 

r 2 = 1/(2n)2nJc = O.1591..)U: 

For frequency of SOliz and choosing an arbitrary value of 

22Nf and calculating for L. 

= 50 = 0.159/..)22 x 10-6 x L. 

L = (0.00318)2/22 x 10-6 = 0.46 

= 460MII 

2.2.3 BA TTEI~'Y 

The sealed lead - acid battery type used in this 

project was chosen on selectively basis rather Ihan on an 

actual design. However. the performance expectations and 

specifications of the battery must be knuwn. A lypical UPS 

'. 
battery must have the ability to store energy within a smaH 

space and with least weight and to release it at an adequate 

.' '. 
rate for the purpose under consideratiun, 

29 
• I 



" 

.' 

• I 

The reasons for choosing a lead - acid for this 

project are (i) its voltage on discharge is the highest of all. 

Others 

(iii) It can operate satisfactory over wide range of 

temperature. 

2.2.4 HATTERY CAPACITY 

The ability of a battery to produce a current ove . a 

certain period of time is its capacity. The amount of energy 

a battery can store is measured in ampere hours (1\11; at a 

specified discharged rate. The capacity reduces as the rate 

of discharge increases. For example, a battery or 60 ampere 

hours capacity will provide 6amps for 10 hours before 

reaching the point at which it is consil~ercd to be 

discharged. The capacity of the used is 7AB. 

2.2.S- 12V BATTERY CHARGER 

30 



The hutlcry charger module cnllsisls of a step down 

transformer, a variable regulator I.m 317 and bridge 

rectifier unit. 

For lead - acid butteries each call provides 1\\/. 

watts. Thus a 12v battery of this type consists of six cells 
I 

connected in series. The fixed "noat" voltage is between 6 

x 2.3 = n.sv and 6 x 2.4v ::: 14.4v. The higher value will 

be chosen, since this means a raster chargilll!. rate. This is 

desirable in a situation where the frequency of blackout is 

high. 

The step-down transli:)fIncr steps-down the <l.e 

. I. . main~ to J 5 Va.c and a bridge rectifier consisting c four 

MAU diodes is used to connect the main a.c to d.c. Th(,t 

voltage is regulated to zlIle using variable regulator LM 
'. 

317. 

Fig. 2.3 is the circuit diagram for 12V Battery. Charger 
.' '. 

• I 31 
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BLOCK DIAGRAM OF AN UNINTERRUPTED POWER SUPPLY SYSTEM. 
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CHAPTER THREE 

3.0 CONSTRUCTION, TESTING 
RESULT 

3.1 CONSTRUCTION AND SYSTEM 
TESTION. 

AND 

After completing the design stnge of the system, 

each module suh-system circuit diagrmll was !irst 

e. } 
implemented on n hread~b()ard tOt-sure it works as desired, 

various aspect of the system was modilied to obtain 

desirable working and stahle circuit before it . wac 

permanently constructed on the Vern - hoard. Ilowcver. 

not all the subsystems would require very through and 

rigorous test as others. Some are very vital and need to be 

pre-set to a certain specification before proper operation 

can be obtained. 

3.2 CONSTRUCl'lON STEPS. 

The following steps were taken in carrying out the 

construction . 
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(i) The circlIit was first tested on a breadboard. and 

few adjustment nlld modi lication were made on 

the circuit. 

(ii) The layout plan of the component position' on 

the Vew-board was mode. unnecessary distance 

between components were also avoided to 

reduce the length of wire used and have reduced 

overall circuit capocitance oml resistance, 

(iii) Ie sockets were then soldered unto the Vero 

(iv) 

. board in places assigned to them in the layout. 

The copper strips on the Vero board were then 

disengaged appropriately to avoid unwanted 

connections, 
! 

(v) The discrete components - resistors, capacitors 

and transistors were soldered directly to the 

Vera-board. 

(vi) The switchinij transistor were then mounted on 

their heat sink 
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(vii) Installed component werc thcn connected to one 

another lI';illg wires in accordance with th' 

design. 

(viii) A digital meter was used to check the contacts 

and continuity where necessary. 

(ix) With the les plugged into their sockets. the 

circuit was then ready to he rested. 

(x) The output of each stages of the sub-system unit 

• ! was tested to see the meet .~he target before 

coupling them together. 
I 

3.3 SYSTEM TESTION 

The system having been fully constructed was 

tested as described below to check if it is responding as 
I 

". expected, The testing was done using the following 

appropriate tools. 
I 

l~ . I 

.' (i) Logical probe 

(ii) Osci~loscope 

3M 
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(iv) Digilulmclcr 

(v) AC varial')le power supply 

(vi) Dc Power supply 

(vii) Variable load (walts) 

(viii) Screw driver (i.e tester) 

3.4 TESTION PI~OCEI)lJlU~ 

The most appropriate way to test the UPS system is 

to perform a step-by -step modular suhsystem test. Each of 

i I I the n'lodules are as earlier specified. 

" However. 11'1\ aU the subsystem would required very 

Llwrough and rigerous test as othc-fS. Some arc very vital 

and need to be pre-set to a certain specil1cation before 

proper operation can be obtained.) \ 

In the charging c,ircuit. the transformer output was 

measured to an AC before rectifying. amI filters off ripple. 

The light emitter diode (LED) was lIsed to l1nsurc that the 

.. 
" 

• I charger is properly connected. The resistance of Ihe resistor 

was verified by llsit,g ohmmeter. 
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Finally. the output of the inverter circuit with the 

relay network was tested l'1l no load and thcll output 

measured to be 23()V. 

40 



CONCLUSION AND ItECOMMENDATION 

4.1 CONCLUSION 

The design and constrl1l:tioll 01' hOlh, UPS has been 

successfully carried out. I 

The lise of power FET greatly reduced the problcll 

associated with cOlllmutation and driver stages. A 555 
, I 

timer was sufficient to drive the low power requirement 

FET gapes. 

The components used were common types. No 

complicated circuit was used and the mode of operation 

was easily under.stand. But number difficulties wet. 

encountered during the design and construction dlle to little 

knowledge known about the pro.ic~t BlIt constant rescarch 

into reference books, electronic journal and suggestion 
• I 

frolh friends and project only put the basic principle behind 
: , 

circuit design and construction. 
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RECOMMENDATION 

I recommend whoever wants to take up this topic as 
! 

a project to mnke.s"ne advancements in areas as follows: 

I. Due to the rather poor condition of power supply 

we receive here in this country t with' tolerance £1<; 

bad as ± 25% as against developed nations with , 

tolence of 15%). \nore nllowance have to be made 

for the power transfer line-loss detection circlIit to 

cope with such a problem. 

2. The power ~ating o'f those device cr.n be increased 

for bigger loads 

3. A means of synchronizing the inverter output 

voltage with the utility voltage bcllH'C switcher 

should be c:\allli~lcd. This important fur a slllooth 

transfer to avoid transient. 

4. In comparating a feedback wap. which will make 

the output voltage a constant. 
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