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ABSTRACT 

This project highlights the design and construction of an Un interruptible Power 
! , 

Supply with photovoltaic generator back up. This is made possibJe by the use ofbigh curre~ , 

semi-conductor controllable switches that convert d.c. low voltage power to a.c. line voltage 
; " 'j -'\' 

power. 

An Uninlerrupt ihle Power Supply l Jni1 thus ensures supply of AC voltage to an 
Df 

equipment hy changing over to an inverted haek up DC voltage in the eventAmail1&failu~e or 

other irregularities in the main supply. 

~ I 
During the process of circuit design"the lJninterruptibfe Power Supply (UPS)t various 

, ,j ~ •. , • 

factors such ali change over speed, commutation, output wavefomls and power quality and 
, J' ' 

efficiency were considered. 
'... '\ J 

, / \ ~:, :, 

A just switching relay and power transistors are amongst the various componen~' \ ..... 

employed. The pulses generated from astahle Illllltivihratllr werc used fi"lr firing the base of 

the power transistors. Although a more ellicient technique is the sinusoidal pulse width 

modulation. 

The UPS unit wa.-.; designed to convert a 12V dc supply to feed a 600watts 220V a.c. 

load at 50Hz frequency, 
/ 

-.J 
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CHAPTER ONE 

1.0 INTRODUCTION 

The roJe ofa good a reliable source of electrical power cannot be over-

emphasised. Considering some processes, which cannot be stopped due to high cost 

of the equipment downtime and the irreparahle damage thaI may be done. 

In cnsuring a reliahle powcr supply, the Uninterrupt.ibJe Power Supply System 

(1 JPS) was developcd. This provides power by conversion or dc power to ac power ~ 

whose magnitude and frequency are controllable, this then supply power to 

equipment that should not experience power outage i.e. critieal1oads. 

Tn lhis wurk, the sources or dc power (de battery) [(Jr conversion experiences loss 

during operation and this is being cmnpensaled for, by charging unit. Thjs charging 

unit involveu is (II lwo II.mlls, these are: Cont.rollable charger anu the solar power 

pam:! hackup known as pllotuvnltaic generalor. 

The solar pam:1 call he illcorporakd ill Ihe design so as tu made the UPS 

very efficient 111 thc mca wltcfet.lley eluny littlc o. 110 dectricity from puhlic utilities 

like N.E.P.A. 

The phottwoltaic generator is thell respollsi}'le for continuos charging of the 

batler), as long as it is cOrHleded to the battery during the Jay when there is 

sunlight, hence, bypassing t.he dependence oftl,e dlarger which operates only with 

the puhHc mains. 

If! such, the wl,t,le system is a power supply pack. wllidl ensures continuous 

slIpply IJrdl~d,.il:all'"wer hy inversioll of'tlc, which is drawlI frum uc hallery. 

The lIps consists (,rvilal sections; the charger (DUAL), baUery, inverter unit; 

change over switch (Rday), filler anu transflmner. The charger is used to keep the 

; 
t 

/ 

battery charged. The battery supplies power (ue) 10 the inverter circuit and inverter 

does the inversion of de into ae. 

- I -
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The .filter filters out the high frequency harmonics to ensure 4c1ean ~ DC 

power. The relay charges the supply to the load from the public utilities mains to 
I , , I 

UPS when there is outage of supply and take it hack when the suppJy comes..It does 
i 

this automat.ically. 

1.1 THE PROJECT AIMS AND OBJECTIVES 

This project work aims at reducing or avoiding ifpossihle the problem oferratic 

supply ofelectricity from public mains which could he dangerous to criHcaJ loads 

and also to mankind. It ensures a reliable and constant power supply needed in the 

developing countries. This .is achieved through design, construction and testing of 

the 600VA UninterruptibJe Power supply System (UPS). 

1.2 THE PROJECT OUTLINE 

The project comes up in fcHIr chapters. Chapter nne gives the general introduction, 

stating the probJem and the way out. Chapter two discusses the system design. 

Chapter three deals with construction, testing and result and lastly, chapter four 

gives conclusion and recomrnemlations together with a list of reference. 

1.3 THE UPS SYSTEM 

/.3./ BATTERY: 

This is device whid, converts Ihe dlemical (~nef'gy eOfllainclJ ill its active 

makrials directly iuto electrical energy hy means ur an oxidation, redudion and 

electrochemical reactiuns. This type of reaction involves the transfer ofe.lectrnns 

from one material to another. Battery L":; generally iuentified as primary or 

secondary. The major difTerent is that, the while secondary batteries are capabJe of 

being recharged~ the primary is not rechargeable ill nature. 

1.3.2 BATTERY CIlARGER: 
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The chargl~r unit of this projcl~t is ill dual fi"..n. These are 

co,,'ronahledmrgl~r amllhe pholovoltaie gcm:ralor (Solar (lower). 

The controllable charger incorporales t.he fuJI wave rectifying circuit and 

overcharging protective device of mainly Zener diode and some active and passive 

circuit element. 
,.;:L ~" 
'l. If'% ,~' 

Also, the phojovoltaic generator used as other means of charging the battery;~' 

is realised by interconnection ofseveral solar celts in series or parallel or both 10 

provide the desired output 0 r 12V characteristic. 

l.J.) IN VI .. :RTER: 

This is Ihc heart unlle UPS system. It is the c1edronic connection converting a de 

power source .inlo an ac power ofpredeterrnined frequency, amplilude and phaose. 

There are many lype of inverter based on principle 0 f operation and the nature of 

the switch used being fully or semi controllable; these are transistors switched, 

thyristor switched inverter etc. 

1.3.4 FILTER: 

The output of an inverter is onen sine wave superimposed on several 

harmonics. The filler converts t.hi:'i :'iquare wave to its sinusoidal equivalent. H is 

necessary to filter the inverter output to prevent oamage to induclive load. AIso~ the 

output of rull wave rectilier used in controllable charger is fillered to obtain !)'JDOot.b 

dc required. 

1.3.5 CHANGE O"'ER SWITCH (RELA lJ: 

Relayarc used to change the supply from mains to the UPS are Vise verse. 

The relays used arc elect.romagnetic in nature. 

1.).6 l'RANSFORJtJER: 

Transfhrmer converts ac voltage amI curren' in nne winding 10 an ac voltage 

and current at different values in another winoillg by electromagnetic irlduclion at 

the same Ii·el} ucnc y. 

-3-
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1.4 LITERATURE REVIEW 

There are various types of UPS. T depemls on the mode of openltion and the 

component installed. 

" 
The world frrsl l1PS/inverter is produced in 1983 by heart interface who bas-

been a leader in inverter amI charger technology. 

TOllay, lhl~ COIIIITIlllI UPS arc: 

1.4.1 SINGLE TRACK UPS 

This is also called online UPS. It has a single path from the mains supply to 

the load. The main supply is fIrst steped down to the baUery level, rectified and 

used to charge the battery continuously. The battery voltage is also fcd into the 

inverter to convert it to ac. There is no changing over from the inverter to the mains 

or VIce verse. 

The adyanb,gl~ of this is that there is no need f()r charging oyer but it will 

rl~qllirl" a vl~ry hlllky 1r:lIlsl(mner thaI clIn sllslaill Ihe supply. Sloe 

Fig. 1.1 hdow. 

MAINS r:1 LOAD 
======~ ~ ____ Rect __ i_fi_~ __ ~====~~L __ m_v_ert_~ __ ~======~ 

_ Battery -
Single Track UPS 

1.4.2 DUAL TRACK UPS 

" ( 

It is also called offline UPS. There are two alternative power supply paths 

and a switch (relay) to choose which source is (0 power the load. 

The advantage orthis is that, there is always no need ofhulky lransfonner 

and the components Clrc not over stressed but there is a delay in the charging over 

from a source to the other. See fig: ] .Q.beJow. 

MAINS LOAD 
Charger Inverter 

Battery 

Single Track UPS 

- " -
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Figure J!l. Dual Track UPS 

1.4.3 DOUBLE CONVERSION UPS 

I Jere, the inverter is constanfly on. The inverters takes suppJy from the Jarge 

charger or 'rom the hattery when the mains fails. The inverter is heavily stressed 

and there is complete failure when the inverter is faulty. See fig.].3 below. 

MAINS 
Large charger Static t> :f> Inverter 

:t> constantly :f> By-pass 
ON Constantly 

6 

:f> Battery I-

Figure 1 . .3 Double Conversion UPS 

-5-

Switch 
LOAD 

--~'. 
I 

I 



CHAPTER TWO 

2.0 SYSTEM DESIGN ANALYSIS 

2.1 GENERAL MODE OF OPERATION AND SYSTEM DESIGN 

OVERVIEW 

The operation of the ups is divided into a number of units as shown in the 

general module offig. 2.9 

The D.C. oattery serves as D.C. sourec in which it is being compensated for : 

(recharging), by the controllable charger and the photovoJtaic generator otherwise 

called solar power. 

The BJT makes the control1able switches which periodically intercept the 

d.c. and convert it to A.C of which the frequency is determined by the astable 

multivibrator (AMV) configurated to operate at the frequency of 50Hz. 

, . 
l: I 

The inverting power transformer served dual purposes in that, it steps up the 

12V a.c to 220V a.c in the output and that it steps down 220V a.c to 12V ac which 

is some liUlc than 12V aficr rectification through rcctifier circuit. This makes it to 

charge the 12V d.c. battery. 

A separate step-down transformer of 12V a.c feeds the rectifier to which the 

two 12V relays RLJ and RL2 are powered to operate in normal On and OFF states 

respectively. 

The low pao;;s filter to smooth the d.c. used by charger in charging the 12V" 

battery. Also, the oulput filter converts the squarc wavc a.c to pure sine wavc a.c of 

220V in Ihe output. 

The UPS "Enable Switch" should he put ON if the UPS is to be alerted 

while the voltage level indicator shows the level of the voltage ofd.c. battery with 

the aid of LED and Zener diode. 

-6-



2.2 CONTROLLABLE CHARGING UNIT 

The configuration made in the controllable charger is done in such a way 

that the charger itself incorporates the protective device, which avoids overcharging 

oflhe hattery. This is done hy the action orZencr diode and the transistor (PNP) to 

control the MOSFET that serves as the open and close switch in the whole charger 

unit. 

After the rectification of 12v a.c, the output d.c. is boosted to about 1 Sv d.c~, .. 

and this is put across the 12v d.c. battery via the configuration of the charger. 

2.3 OPERATION OF THE CHARGER 

Based on the diagram of fig.2.1 ,the charger drives the charging current 

through the battery. The negative terminal( of -12v) is connect.ed to the 4.7v Zener 

diode mljusted hy Ihl.~ variahle resistor through limiter resis10r I~ 1 of 1 k. 

The adjustahle variahle resistor is adjusted so that ifbatlery voltage is12v 

,the voltage across the Zener diode is -4.7v which makes the Zener diode conducts 

in reverse direction so as 10 allow collector-base current in transistor Ql and 

disallow collector-base current to flow in tran'3istor Q2, hence connecting the source 

ofMOSFET to the ground and no current flows in its GATE ,G . 

By this, the MOSFET is orrto disallow the driving (lfthc charging current round 

the dos{'d loop (lflhl~ charger 

AI instance Ihe level orlhe battery voltage 1~}lIs hclow 12v,thc Zener diode 

devia1e from - 4.7v and passes the current i.1l the rilrward direction (0 disallow the 

coJIector-ba"e current in Q\thcreby aJIowing the coUector-base current in Q2 which 

ftres the GATE G of the MOSFET hence the MOSFET is closed to complete the 

charger circuit to operate in charging mode. 

The diode D functions to separate the -12V lerminal of battery from -15V ofthe 

output ofthe rectifier. 

- 7-
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DF.TF.I~MINATION OF TIII~ CHARGING ClJRRENT 

RIJS D 

12V 
Source 

The minimum charging current is achieved when the battery is at 12V just 

before the charger goes ofT. 

I . = 15V - (12 + O.6)V = 5 33A 
Qmm 0.45 . 

If the battery level is about lOY; 

I = 15V - (10 + 0.6)V = 9 78A 
Q 0.45 . 

2.4 THE BATTERY VOLTAGE I~EVEI, INDICATOR 

The hattery voltage level indicator consists of three Zener diodes of )0, 11 

and 12 V. Each of t hem connected in series with LEn (Light Emitting Diode) of 

YeJ]ow, Green and Red respectively, also, wjth limiter resistor of] oon each. The 

three orthem were then connected in parallel across the positive terminal of the 

J2V battery. 
j. 

To operate, each of the Zener diode compares its rated voltage with the level 

of battery voltage. Jrthe battery voltage level is 12V, all ofthem are ON, jfthe level 

is 11 V Yellow and Clreen are On, if the level is 1 nv only yellow r ,EO is on-

invariahly, ift.hc level is hclow 10V, non nfthern is on. 

The diagram of the voltage level indicator is shown in fig. 2.2 below. 

.i,' 
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~12V 

Fig. 2.2 The Battery Voltage Leve/lndicator 

2.5 THE PHOTOVOL TAle GENERATOR (SOLAR POWER) 

The heart of the photovoJtaic generator is the solar celJ. Solar ceJJ is a 

semiconductor electrical junction device, which absorbs and converts the radiant 

energy of sunlight directly and efficiently into electrical energy. 

Solar cells nrc connected in series, pamllcl or hoth to obtain the required 

value of current and voltage fi)r electric power generation. This is known as 

photovolat.ic generat.ion. 

2.6 CONVERSION OF SUNLIGHT TO ELECTRICAL ENERGY 

This involves three stages: 

1. Ahsorption of sunlight in the semi conductor matcrial. 

2. Generation and separation of free positive and negative charges which 

IllOWS tn dilTI.'l"Cllt n.~ginns or the solar cell neat illg a vnltllgl~ in it. 

3. Transft~r orthcse separated charges through electric terminals to the outside 

application infi)rm 0 r electric current. 

In the first stage, the absorption of sunlight hya solar cell depends on the 

intensity and quality ofthe sunlight, the amount of Jight reflected from the front 

surface of so Jar celJ, the semi conductor, energy which is the minimum light 

(photon) energy, the materia] absorbs and the Jayer thickness. Some materials such 

- 9-
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as Smcon require tens of micrometer thickness to absorb most of the sunJight ~;;~~:",;, ',.-

other such as ga11iurn arsenide, Cadmium and Copper Sulphate require only few 

micrometer. 

When light is ahsorhcd in the semiconductor, negatively charged electrons 

and posjt iveJy charged holes are created. The heart of so Jar ce)) is the electrical 

junction which separates these electrons and holes from one another after they are 

created by t.he ligh1. An eJectTil~a]junctjoJ) may be fi:lrmed by contact ofa metal 10 a 

semi conductor (caJled Schottky barrier); a liquid to a semiconductor to fonn a 

photo-electrochemical cell, or semi-conductor region caJJed a PN junctjon. 

The si.1icon PN junct ion i.s an example I) f efectrical junction. Pure silicon to 

which a lmn~ amollnl IIrJirlh -- cnJullIJl ebnen! sueh as phosphorus ha.o:: been added 

is all N - Iype semiconductor, where electric current is earried by fi·cc e1cctron{s). 

Each phosphorous atom hound to the crystal structure wjth a unit positive dlaTge. 

Similarly, pure silicon to which a t.mce amount of column three element such as 

Boron with a l1njlnegativeJy charge added is a P-type semi-eonductor, where the 

e1edric curTent is carried he fr'ee holes leaving behind the boron atom with a wtit 

negative charge. 
/ 

Th~ intl~rface betwecn P and N types is called the PN jUllctiotl. The charges 

at lhl~ intcrr.1(.x~ due In the hnund bomn and phllsphnrnns atnm cr't~a1t~s a permanent 

,lipok: dlHrge Jargl:r wilh a high ded,.ie field. 

When photon nf]jghl eneJ"gy fi'om the sun electron Jlole pairs near the 

junction, t.he buill-in electric field forces the holes to the P side and the electron to 

the N side. 

The displacement of fi'ee charges results in a voltage difference between the 

two regions of the crystal, the P-region bejng plus and the N-region being minus. 

\\'hcn a load is connected at thc tcrminals, an electron currents flows in the 

- 10-



direcHon shown hy the arrow (fig. 2.3) and the useful power js avaiJabJe at the 10ad " 

see fig 2.3. 

2.7 ARRAY DESIGN 

Individual silicon solar cells are limited in sizes to about 40cm2 of surface . ",-' 

area. At about 15 % conversion. efficiency, such a cell can deliver about O.6W at 

O.5V when in full sunljght To ohtmn higher power and voJtage, a number ofcelJs 

must he assembled in t.he array or panels. Cells may be connected in series to 

mUltiply their output current 

Cells operat.ed in S(!rics must. be closely Illatcht.xl in short circuited currents since the 

overaU performance of a so Jar ce]J array js limited by the ceJ] .having t.he lower 

current. 

2.8 THE DESIGN CONSIDERA nON PARAMETERS OF 

PHOTOVOLTAIC GENERATOR 

The solar cell rabricated from single cryslal~ polycrystaUille or amorphous 

silicnn is llsnany HlIIlJl)ted in a soJaI' eell pand s;;/txltn produce peak power output 

Jeve1under cowJit.ioll or maximum radiation. This is referred to as photovnltaic 

gCJJcraJOf". 

The d.c. output voltage per cell is typically ofthe order ofO.5Volts and are I 
output current. is governed primarily by the ceJ) area and intensity of the sunlight. 

Panels may be wired together to for solar cells arrays designed to match the 

requjred power, voJ1age and current requirement of the particuJarJoad appJication. 

/ 

The output. of solar panel is well mat.ched t.o the task ofbattery charging as if 

it is 1l1l~ l~IHTl~nt ralher than the voltage, whid. varies with radiation jn1ensity. 

III this prujtxt, tltt! construction design is madc so as to charge the 12V 

baUery wjll) the protective device, which is basicaJJy, Zener diode and ot1lt;~r active 

and l"lRsshle circuil element to protect the battery from over-charging condition.. 

-1/-

\ 



-t 
----®---d-+-:J---P---l-~r t:-'--, '-s-n--I-['-t'-tJ---' 

e,)' 
.-: 

.,1 
d 

~-----------+------------~--------

,-------1+ 

~----________ -J __________ ~_ 

r-~ ~. ~ . t.t p ~"\ D VD L 1).\·-4 0 () E -));: C? .. ,!\·· i \) R. AS I~ 

C H A RCrET(.. . 

1 , 
h' 



A]so~ a "BJocking diode" between the photovollajc gent"Ia1or .and .the hat1cry,' 

to prevent the O/lT~/1f nnw at night from haUery to I.he array. This i:~ pictorially 

rerrest~nted in fig. 1.4. 

The eUllslrudiul1 dl!sigl1 ellllskkralioll includes: 

2.S.1 POWER SllPPt }f: This is speeilied as cllln~nl nulpul at certain voltage, it 

refers to the power (watt) available at the power generatoc 

2.8.2 ENERGY OUTPUT: This js the time-integrated value ofpower, 1.be energy 

(waU-hour) output indicates the amount of energy {.lroduced by the array during one 

cIa- v " . 

2.8.3 AiUPERE-1I0UR OUTPUT: This is the rating (lnen used for array 

delivering e1edridty primarily illl0 energy :-;lnl'age hattery. 

2.RA SOlAR rRI1 f:FFICIENC)': T"t~ t:lll1versillll dlicicl1l:y of slllar cdl is 

given hy 111(,: e"pn~ssi(l": 

EfT. = Power o~tput from cell/array 
PI twer IlIput from fhe sun 

_ Vm1m 
- S. Ac 

where V m and 1m is voltage and current at the maximum operating point' 
r, 

respee1ively. S is the .insnlaJJonper unit areBimtlAc is the elTeeljve area oflhe ceJl 

AdlJaJly, Ihis varies with Ihe operating tel11pl~ralun.: or insolation and humidity. 

2.8.5 TN,SOTATION: It i$ the mnouJlI of solar enerr,y radiation whieh n~al~hes a unit 

horizontal area of the earth. 

2.9 INVERTING CIRCUIT UNIT 

The inverting IInit is the heart of the UPS. It consists ofthe controllable 

switches that pcriodica11y jnlermpls 1he d,e, also, it eonsists ofmultivjhrator~ which 

generates the frequem:y upon which the switches convert the d.c. to a.c. 

Lastly, it consists orthe step up transll)rmer 10 transform the 12V ac to the 

reqllired ??OV H.C 0111 put. which is rittercd hy the ritler incorporated in the output. . 
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The module is depided below. 

Analog ... BJT, push-pull 
~ 

Step up 
-+ 

AMV 
... power (NPN) transformer ~ Filter 

transistor 1:18 
.4~ .4~ 

; 

.. 

12V d.c. 
Battery 

2.10 TilE ASTABLE M(ILTfVfBf{ATOJ-l 

The configuration orthe Analog Astahk~ Multivihrator (AMV) used is 

shown in fig. 2.5 below. The AMV is also called free running relaxation oscillator. 

It involves two-stage amplifier with positive feedback from output of one amplifier 

to the input of the other. 

The two common emitter amplifier stages each provide a unity feedback 

ratio at 1800
• 

..... .. :.: 

tir:.::=:2 ~ip32 

200S-.:: 200~~ 

Fig. 2.5 Astable Mu/tivibr%r 

When the transistor QI is in the saturation, the voltage drop across RLJ is 

v C/C, so that capacitor (' I wjJJ starl charging through R2. This charging process will 

fhrwanl bias Q2, so sclting it to cut offand the vO}(Cige at RL2 will be zero. 
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The voltage across R2 at the beginning of the design process is V cc and it 

will (.:ontinllC to drop IIntil the potential differencc is hclow (Vee - O.7V) which will 

evenlually reverse hias Q.'! and then drive Q2 to sall1rnlion. 

When Qz is saturated, the potential at point R is V cc and capacitor C2 will start 

charging through R I . The potentia) head orR l at the beginning of the C'Jutrging OfC2 

is V cc, which win set Ql to cut off by forward biasing Q.Cl will start discharging at 

thaI point. 

The voltage }Jcross Rz wilt continue 1o drop until it is below (V cc - O.7V). 

2.11 Tin: SYMMETRICAL J)YNAMIC EQlJlVALENT 0 .... TilE 

INVERTER CIRCLJIT OF TilE ups. 

This is the design calculation that enables us known t.he value of the base 

resjstors, capacitor base current, coHector cnrrent and voltage in the configuration 

ofthe inverter circuit. This involves the AMV and controllable switches section of 

the UPS fig 2.6 
--;"' 

'·)CC 

] r--+ --4--------. 

200:;'"(: 

2t>·J~:771 

1.5kQ 

A SECTION OF FIG 2.6 

Is:::= secondary winding current 

Jp = primary winding current 

Np '-' primary numher of turns 

Ns = secondary nurnhcr nfturns 
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th~ target power output ofthe ups =600VA 

at 220v. assume the transformer is ideal, 

P=VIs 

600=2201s 

. NP 
The turns ratIo -NS 

~I :18 

I - NsX1s = 220x2.73 
p- Np 12 

Ip =50.05A 

Is=2.73A 

Using four transistors connected in parrallel, the current to be switched by 

each is given by: 

P = Ip 
4 

=50.05/4 =12.S12SA 

for each transistor 

:. for each transistor. IB2(MAX) must be greater than O.12SA 

for total of 4 x 12.5125A 

= 50.05A 

50.05 
Total 102 = 100 

0.501A 

15, 

,"'!"'" 

',', 1 
"',,,- I 

.. ' I 

/ 



ICI IB 
IBI = P where ICI = 2 

50.05 
:. 1m =--;;;s 

= 0.007 A ~7mA 

Vcc-0.6 12-0.6 
RI= 1131 = 0.007 

RI = 1628.6 

~1.630KQ 

The value of the capacitor required to generate the output signal at 50Hz is found as 

follows: 

Using F = ~, 

Since RJ = R2 = and C 1 = C2 for perfect square wave 

Target frequency =50Hz RJ = 1.6KQ 

1 F=-------
0.69 x 2 x 1.6 X CJ 

C = I 
1 0.69 x 2 x 1.6K x 50 

Hence, C I is chosen to be 10J.1F 

2.12 TRANSFORMER 

DESIGN AND MODE OF OPERATION 

The design, type and accessories of the transformer depend on its size, 

application and its location. The principal components arc: 
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1. STEEL TANK: Used for housing the core and for the mounting various 

accessories required fix the operation on of the transfi)rmer. 

2. CORE: This is constructed from insulated iron steel lamination to keep iron 

loss low. StaIIoy sheets of0.35mm thickness containing 3.5% silicon are 

normally used. 

3. WINDING: There are one primary and one secondary in a single phase 

transformer which are suitably connected. The low voltage winding is place 

next to the core and high voltage winding placed concentrically over it. 

The important relations in the transrormer design are as follows: 

I. The transf{}rmcr turns ratio = 

where EI = phase voltage in primary side 

E2 = phase voltage in secondary side 

II = prinlary side current 

h = secondary side current 

T, = Number of turns in primary 

T2 = Number of turns in secondary. 

2. The induced E.M.F E = 4.44ffq, x 10-8 

q,=BxA 

F = frequency 

T = Number of turn per winding 

q,=flux 

n = Flux density 

J\ = Cross sectional area of the corc 

3. Primary equivalent resistance 
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4. Primary equivalent reactance 

where RI and XI are resistance and reactance or the primary winding. 

If the number ofturns is know, the flux can be worked out from the formular 

the inverting transformer used in this project in this project is of tum 1: 18 and as 

shown below: 

The rated power of the transformer used is lOOOVA, which can conveniently 

withstand the 600VA output of the UPS. 

2.13 RELAY / 

This also called the change over switch. It is an electrical switching device 

comprising one or more contacts, which opens or closes the circuit. 

The design is done in a way that, the switching device is mostly actuated by 

an electromagnetic, which opens or closes thc circuit by means of movable 

armature, which attracts or releases. 

The typically designed diagram of the relay of electromagnetic material is as 

shown in fig.2.7 below. 

The relay has a coil of wire with an iron core and yoke that carriers movable 

armature. The yoke serves as an easy path for magnetic core, imparts the polarity of 

- 18-



f 

the end of the armature which is thus powerfully attracted by the opposite polarity · 

ofthe front end ofthe core. ','- , 

On this projects, a 500mA 12VAC~lransforrner output passes through a 

bridge rectifier before it is used to power or operate the Relay RLI and RL2 for 

change of state. 

RLt connects the normal astable multivibrator when there is no source from' 

public mains and disconnects it when the mains is on. 

RL2 connects the mains to the output ofthe inverting power transformer only when 

the mains is on. This is shown in figure 2.7. 

The synchronisation takes place in a microsecond, which is not noticeable 

hy the electronic equipment in use. 

2.14 FILTER 

The design of the filter is done in such that it separates specific frequencies. 

In this work~ filters are used in the output of the rectifier circuit that works with 

charger and also in the output of the inverting power transformer. 

In the charger a capacitor of220~LF is connected across the output of the 

rectifier circuit to generate pure and smooth d.c. current and voltage as required to 

charge the 12V de hattery. 

In the output ofthe inverting tralls/i)rmcr, the output is ollen sine wave 

superimposed on the several harmonics. The filter coverts this square waves to its 

sinusoidal equivalence. This is done to prevent damages to the inductive load. 

The filter circuit used in this project has inductor in series with signal 

voltage and also a capacitor in shunt or across the line. The fig, 2.~ below shows a 

simplified design of the filter. The particular circuit tTequency may be found by the 

resonance formula. L 

c 1 
F = 2n"-lLC L 

Fig 2.~ Filter Circuit 
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CHAPTER THREE 

3.0 CONSTRUCTION ANI) TESTING 

The process here involves three stages viz: design stage, pre construction on 

breadboard and construction on vero board 

3.1 BREAD BOARDING 

A breadboard is a technical device that is used for interconnection of the 

electronic components such as resistors, diode, transistors etc. without having to 

solder them. This gives room to effect necessary modification in the course of 

reconstruction without having unsolder them. 

Each unit of the project wa"\ first developed on the breadboard and its 

perfi-)rmance observed before transferring them to veroboard for permanent 

construction. By this, the pain of fault finding will greatly reduce. 

In bread boarding this work, the astable multivihrator circuit was ftrst developed on 

t.he hreadboard and the output is grounded through light emitting diode (LED) to 

monitor the behaviour of multivibrator. 

The output fj'cquency was tested using a digital multimcter. The outputs of 

the multivihrator were then connected to the base of power transistor which were 

already set. a"jde. The output signal was also tested with t.he digital multimeter. 

The 12V d.c. relays were also fixed on breadboard with the inverter and the charger 

combined to confirm the expected operation. 

The light emitting diode (LED)for the battery voltage level indicator was 

also put in plaee across the battery and tested with a potential divider to see that it 

is adll<llly regulating with respect to thc control or hal/cry vollage level as the 

pOlential is varied. 

The power transistors were then mounted on the heat sink. This power 

transistors are two in number connected in paraJlcl on both sides of the push -pull 

-10-
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design. This led to large dissipation of heat and insufficient power transfurred to the'" 

step up transformer. 

" 
Also, there are over-charging ofthe hattery. The LED of the battery voltage' 

indicator were over glowing and secondary coil orthe transformer got heated up 

hceallsc of abscnrl~ of required number nflransislor in paralle1. 

3.2 MOIJIFICATION 

The power transistors were made four on each side and heat dissipation was 

very minimised on the components. 

The charger was introduced in the charging unit and this prevents the 

overcharging of the hattery and also, limiting resistors stop over glowing of the 

LED. 

3.3 VERO BOARDING 

This is the final stage ofconstmction as each module of the project work 

was transferred to the vero board and soldered in order. 

The power transistor were moulted on heat sink so that internal power 

dissipated in form of heat w1l1 be conducted away and reduce thermal run away 

effect. 

The actual component connected was sketched on the paper to view the 

appearance of component on vera board for compatibility and simplicity to avoid 

mistake during the actual transfer to vera board. 

Step by step soldering was done fi)Jlowing the stage on the paper and special 

care was taken to prevent short circuiting and wrong polarity of the various 

component being soldered on the vero hoard. 

The soldered circuit veroboard was later transfered to the wooden box along 

with the battery and the transformer. 

The wooden box is perforated at the top to aid free ventilation for the heat 

dissipated by the power transistor on the heat sink. 
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3.4 INSTALLATION OF PHOTOVOLTAIC GENERATOR 

Actually, the solllr cdls arc cOl1mx~led hoth in series and parallel in practice 

to generate the required power in the module. In this project work it is expected that 

the modllle generates J 2V de at. 8.0 Amperes. 

The panel would incorporate about forty (40) solar cens wired in series and 

parallel and mounted on the roof of a building or near by on a supporting structure 

facing south. 

The outlet 0 f the photo voltaic generator is then connected through copper 

wire cable 10 the12V d.c. hal1ery inside the lJPS system pack. 

The solar panels output ofclcctricil.y normally vary between seasons and 

according to prevailing solar radiation. llndl:r awrage condition during the year, the 

solar panel wiJl provide sutlicient electricity to the battery to update the required 

voltage of the battery. 

3.5 DISCUSSION OF RESULTS 

The design goal nfthis work was a UPS system wjth an output power of .. 

600VA, that is~to power a load up to 600W at an output voltage of220V. 

The output r<.~SlJJts obtained confirmed 10 a great extent with the expected 

valucs ohtained from the design specification. The discharged time of the battery 

used in the system was expected to be Twenty (70) minutes and rechargjng time to 

be 3.3hours. 

The fol1owing table . 
... gIves summary oft.he result and target of the system. 

P~ETER TARGET 
RESULTS 

Output voltage (V) 220 
220 

Output current (A) 2.73 
Output powcr (W) 

2.65 
600 

.. :-iSlon a lYe it C') , ' 
• • n )C seen t hat, considerin all . 

errors, the aims ofthis pl'Oject work 1 . g experunental 
la~ been ach,eved. 
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CHAPTER FOUR 

4.0 CONCLUSION AND RECOMMENDATION 

4.1 CONCLUSION 

Onc of the primary objective of an engineer is to endeavour to deliver the 

best product or the most efficient service at the lowest cost to its consuming public. 

The aims of this project is to design and construct a 600VA Uninterruptib1e 

power supply (UPS) system with solar power backup (photovoltaic gcnerator). This 

has becn achieved after solving prohlems encountered during the designing, 

construction and connecting stages. Thc system was test cd and found to meet the 

expected results eonsjdering all the experimental error, 

This project work can be used to provide powcr supply to critical load for 

minimum oftwcnty (20) minutes as .long as the power rating of the load not more 

than the capacity spl.xified on f.his system. 

It is therefore confirmcd that a reliablc and maintainablc unit for supplying 

unintcrmptibJe pow" t 't"' I d 
cr 0 er, rca oa would be constructed using readily available 

components. 

4.2 RECOMMENDATION 

TIlcre is alwavs ro r:' 
",' . om lor tmprovement. It is tl t-

, lCrCI(Jrc recomme d d 
llnprovement be l:nadc on th ~ ~. , . n e that an 

C CIrCUIt such that wll ~ II . 
en Jere IS 1-

thHn the mains su I .. L ow voltage supply 
pry, the backup should I'k.~ .. 
.il C 0 Vcr and 

fhrt her lIlercasc the ,. Ii.., sUpply the load T'l' • 
" , c -"pnu orthc critical/oul . . I IllS wiU 

reliable "'1(1 also I1mk c' . 
. . ... It clTiciCIJl 811d 

more 
Tire 00 d . 

b 0 proJc~t I 
C S foutd be c .... h., . 

of th "-. I J1tcdo t/ e students . Ic gcne. I 
and lecturer alike. This . ra public to bo . 

student d ~ WIll ihu act ' ost lI1tel,,,~t ' 
, epartmcnt· as SOUl; ~ 

and SOciety a" Ce of an . 
sa V\thol( lllcol'h.. Eo . 4.... l'the 

,1). 
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LIST OF COMPONENTS AND PRICES 
'lll1Hi' 

COMPONENT QTY PRICE N COST-# 

Wooding case 1 200 200 

2N3771 power transistor (NPN) 8 100 800 

Tip 32 power transistor (PNP) 2 35 ·70 

1.5 k ohm's resistor 2 5 10 

10 microfarad capacitor 2 10 20 

RFz 46 power MOSFET 1 120 120 

Heat sink 2 50 100 

A transistor (PA) 2 15 30 

5V zener diode 1 10 10 

LED 4 10 40 

200 ohm's resistor 8 5 40 

1 k ohm's resistor 4 5 20 

10k ohm's resistor 1 5 5 

12v relay 2 50 100 

1 microfarad 300V capacitor 1 50 50 

1 KVA power transistor 1 1000 1000 

12V\500mA transistor 1 100 100 

Power diode 5 10 50 

l~wf0wer diode 2 20 40 

2200microfarad\50V capacitor 1 50 50 

SA bridge rectifier 1 40 40 

10k ohm's variable resistor 1 20 20 

100ohm's resistor 3 5 15 

Zener10v\11v\12V 3 10 30 

6V battery 2 800 1600 

Plug and socket 2 50 100 

Battery clips 2 10 20 

TOTAL TOTAL 4680 


