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ABSTRACT 

The design and construction of .500V:\ solar ill\t:rtt:r is tu prm ilk alterlJuti, e P()\\l.'I' 

supply to home electronics. 

The System also serves as a main supply to those li\illg \\here tilere IS Ill) j)ll\\,,'l' 

source from the mains. 

The solar il1\erter desiglll'd ,-lIlel constructed 1ll<lke ust: or slInl ight ell,,'rg:- strikillg 

on the surface of the solar panel to prmiLie 1)(' currellt thut churgt:s d I I ~ \ hdtten, 

Having received full energy (fully charged) it cun run thc ill\erler uml prm ill,,' dlJ .\(' 

electricity for home electronics and other lighter loads rated at 50()V,L\ which is the 

designed specification. 
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CHAPTER ONE 

1.0 INTRODUCTION 

The energy problem is a serious case all ll\er \\orld. ln~ldc.'L]ll:ltC.' sUI,!,I) (ll 

energy has paralyzed almust all the sector or the econunn eSIXciall) in till' 

de\'eloping country of the globe. The problem or energy should not be allowed t(l 

continue. Engineers are particularly concerned toward providing solution as our 

professional ethic charged us with the task of providing engineering solution tn 

problems t~lcing humanity. 

Down steamed to my lield of Endeavour 'Tlectrical/Col11putcr cilgiilcerillg", 

Engineers are challenged to\\ard designing a system that would t1tili/l' abundant gi 1'\ 

of nature (sun light energy) to provide useful energy for powering homc electronics 

gadget. Energy from the sun is r<.1\\ in nature and if converted and proccssed could he 

useful f()r man, Some of these useful forms found application in the i()llo\\ing area oi' 

life, 

Solar refrigerators 

Solar driers 

Solar \oltaic cells 

Etc, 

l:or the purpose ul' this project. the combination or solar SYStclll \\ ith inverter III 

generate electricity ['or home electronics is m) primary C(ll1Cern, 

1 



1.1 AIMS AND OBJECTIVES 

The project is aimed at providing electricity through solar source to hOllles in the 

rural areas/places where the PHCN source of electricity is not reliabk. The system 

can also sene as backup po\\er system in homes espeeiall) \\ hen tllL're is PO\\ er 

outage. The system due to design limitatioll can prll\ide electricit) Ill!' PU\\ ering hOJl1e 

electronics gadgets ,vith total po\\er rating of .. H)()VA, \\hich is X(J°o or .')()OVA( i.l'. 

desired designed power rating) for efticiency. The system is to powering a TV set. a 

video, a bn and a lighting point and other lighter load .. 

1.2 Scope of the Project 

The project is limited to the use solar panel to charge hattery and ~lt full charge, 

the pO\vers an inverter to generate an AC ekctricity 01' .')()OV.\ h~lsiGtll) Illr hOIll": 

electronics use. For efficient utilization of generated po\\er and lor prutection of thL' 

designed system about 80% loading is tolerated, 

1.3 Methodology 

The solar voltaic cell panels are used in conjunction with an il1\erter circuit fur 

the design. The use of inverter to convert DC electricity from the solar system to A(' 

electricity is the method used for the design. Ihe solar energy is Llsed to charge lip thl' 

battery to full capacity especially during the day \\hen there is ~lhlll1lLlI1t sun light 

energy. The battery having acculllulated I'ull charge. ha\ e the capa..:it) llt'to run an 

im'Crter to generate 500\\ats or ac ckctricity as (lutput I(lr hUll1e ..:kctrllilics' lise. Ih..: 

design also incorporates a rectified plmer circuit as a minor. hackup tll enable user' ~ 

choice. The are higher power l'ating \(lltaic c~ll panel :lre used tu ..:h~lrge lip batten 



and run the inverter circuit at the sometime. Ho\\cwr duc to the Ill\\ po\\\:.'r rating "I' 

the solar voltaic cell panel used in this project the method is dropped. High PO\\ er 

rating can be achieved by acqumng more modulus of the cell and connecting III 

senes. 

1.4 Source of material 

The materials used to implement this project are b,lsic,t1h integrated 

circuits( [('s). transistors. resistors. transformers. solar tra\. These \\ ere IOCJI h 

sourced from electronics shops in Minna and Lagos. 

1.5 Project outline 

The project consist of five chapters. these are: 

Chapter one includes introduction. alms and ob.iecti\cs. SC(lpe or \\orb. 

methodology and source of material. 

Chapter two- these are. literature review.working principle. sola s\stel11 

terminologies. working principles of inverter. 

Chapter three consist of design analysis and calculation. 

Chapter four-includes construction. testing and discussion or results. 

Chapter five give conclusion and recommendation or the project. 
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CHAPTER TWO 

2.0 Literature Review 

2.1 History of Photovoltaie 

The term "photovoltaic" comes from the (ireck Illecllling "light". eWe! '\ oltaic". 

meanlllg electrical. 6'on1 the name of thc Italian physicist Volu. d,'kl' \\ hOI11 lilC 

measurement unit volt is named[2] The terlll "photo-\oltaic" Iws beel1 in use ill 

English since 1849[2]. The photovoltaic effect was first recognized in 10~l) by French 

physicist Alexander::Edmond_Becquerel. However. it was not until 1 X~D that the tirst 

solar cell was built. by Charlesfritts. who coated the semiconductor selenium with an 

extremely thin layer of gold to form the .iLlnctions[~]. 

2.2 Theory 

Simple explanation 

Photons in sunlight hit the solar panel and are absorbed b:- sCl11i cunducting 

materials, such as silicon. Electrons (negatively charged) are knocked louse from their 

atoms. allo\ving them to tlo\v through the material to prod llCC c icct ric i I YI3]. lhe 

complementary positin~ charges that are also created (like bubbles) :lIC c:J!led Iwles 

and now in the direction opposite of the electrons in a silicon sular !,clllCI. An arra) \)1' 

solar panels converts solar energy into a usable amount 01' llirect current (Lic) 

dectricit\. 



2.3 METHODOLOGY: 

There are several \\ay of designing a solar ill\erkr system. Sume or the mcthlld 

that can be used are: The use of high rating pCl\\er solar panel to feed the ill\erter. 

This methud has a limitation. considering the t~lct that po\\er input is cqual tll pU\\\:.'I· 

output. the solar panel needed to be same rating \\ith the desired output hencc 

increases in cost. The second limitation ufthis method is that at night ( Im\ lumindllCe 

). the solar system c.kliwr little energ:l~l. 

Another method is the use of t\\ 0 separall' high energy hattery bank. ill \\ hich as 

one battery bank is being charged by the solar system. the other is supplying to the 

inverter circuit for inversion. This method is the l1lost efficient 11O\\e\er. I'm it 

requires a lot of capital and hence cannot serve the low and middle income earners in 

the rural area who are considered to use the design.The method considered suitable 

()r the purpose of this design is the use or solar panel voltage of 17V tu chmge ([ ]:::V 

batt('ry (\\hich s('r,",:: ~IS a back up in a situation \\here there is a ]!o\\er llutage ~lml .\C 

])lmer is needed. or in rural ar('a \\here there is Illl elcctricil) and .\(' ]1l1\\Cr is Ilcelkd 

for hume e\('ctroniCS[IJ. The battery hm'ing received full charge is ked to the ill\crtcr 

circuit for inversion. Three relay are used in the circuit to ctTect s\\itchillg. either 

s\vitehing on or off of the inverter solar or the socket of the output uf the .\C source ut 

the mains. 

2.4 Working Principle of Solar System 

,\ sular cell llr plwtO\oltaic LLII is ~l dl'\icc lklt Llll1\Lrts c;\lLlr L'ilL'Ie:\ 11:1\\ 



are used to make solar modules. \\hich may in turn be linked in pllUtll\ ultaic arra: S\(l]. 

Solar cells have many applications. Individual C\~lIs are uscd Illr pu\\ering sl11~lil 

devices such as electronic calculators. Pholmoltaic ~lrra:s gl'l1Cr~lk' ;1 I"orm (Ii" 

renevvable electricity. particularly useful in situations where electrical po\\er b'om the 

grid is unavailable such as in remote area pO\\er systems[7l. Earth-orbiting satellites 

and space probes. remote radiotelephones and water pumping ~lpplicati()lls. 

Photo'voltaic electricity is also increasingly deployed in grid-tied electrical systems. 

2.5 SOLAR SYSTEM TERMINOLOGIES. 

2.5.1 Photo generation of charge carrier'. 

When a photon hits a piece of silicon. one of three things can happen. Photon 

can pass straight through the silicon this (generally) happens Illr I(mer energ:­

photons. the photon can retlect off the surfaces. The photon can be absorbed by the 

silicon. if the photon energy is higher than the silicon band gap \alue. this generates 

an electron-ho Ie pai r and sometimes heal. depend i ng on the hand struct urei ~li 

When a photon is ahsorbed. its energy is gl\en to an electrull ill the cr\st~li 

l::tttice. Usually this electron is in the valence band. and is tightly bOLl lId in co\alent 

bonds betw'een neighboring atoms. and hence unable to move br. The energy gi\cn tu 

it by the photon "excites" it into the conduction bancL where it is free to move around 

within the semiconductor. The covalent bond that the electron was prc\iously a part 

of now has one fewer electron -- this is kno\\n as a hole. The prcs\..'I1CC oj' ~l missing 

covalent bond allO\\s the bonded electrons oj' neighh'orillg atOIllS (,! !l111\C illto til\.., 

"hok." leaving another hole hehind. ami in this \\,1\' a hole C~1I1 11h)\ \..' through ~11C 

'J 



lattice. Thus. it can be said that photons ab~orbed in the scmiconductut' lTcatl' m()bik 

electron-hole pairs. 

A photon need only havc greater energy than that of the hdtld g~tp ill order to 

excite an electron from the \alence band into the conduction band. [[l)\\C\ cr. the sllbr 

frequency spectrum approximates a black body spectrum at ~600() K. and as such. 

much of the solar radiation reaching the Earth is composed of photons ,\ith energies 

greater than the band gap of silicon[ 10]. These higher energy photons \\i [[ be absorbed 

by the solar cell. but the difference in energy between these photons ami the silicon 

band gap is converted into heat (\ia lattice vibrations -- ca[led phllt1l 1tlS) r~tther than 

into usable electrical energy. 

2.5.2 Charge Carrier Separation 

There are two main modes for charge carrier separation in a solar cell: Drift of 

carriers. driven by an electrostatic tield established across the device. [)i tfusion of 

carriers from zones of high carrier concentration to zones of [ow carrier concentralton 

(fo[lowing a gradient of electrochemical potential). In the widely L1sed P-tljutlction 

solar cells. the dominant mode of charge carrier separatiot1 is by dri ttl" I. Ill)\\ c\er. in 

non-p-n-junction solar cells (typical of the third generation orsolar ccll t'cse,lrch such 

as dye and polymer thin-film solar cells). a general electrostatic tiekl has bcen 

contirmed to be absent. and the dominant mode of separation is via charge carrier 

dilTLlsion[~]. 

2.5.3 Thermodynamic Efficiency Limitation 
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band gap of the absorber material cannot generate a hole-electron P'll!". ,llld so their 

energy is not cOlwerted to useful output and on I) gencr,lll's hC,lt ii' (lhsllrhcd[7j. h)l 

photons \\ith energy abo\'e the hand g,lp encrg). unl) a frdc[iol] ui' [ilL' L'nl'r!:'y ,Ihu\ c 

the band gap can be converted to useful output. Wilen a photon (li' grcdtcr cncr!:,: i::; 

absorbed. the excess energy above the band gap is converted to kinetic energy uf the 

carrier combination. The excess kinetic energy is converted to heat through phonon 

interactions as the kinetic energy of the carriers slows to equilibrium \clocity [7J 

Solar cells with multiple band gap absorber materials arc ([hie to 11l0re 

eHicientl y convert the so lar spectrum. By usi ng m u It i p Ie band gaps. thc so I (lr 

spectrum may be broken down into smaller bins \\ here thc therll1ud: II,Ullic ci'licicnc: 

limit is higher for each bin. 

2.5.4 Quantum efficiency 

Quantum efficiency refers to the percentage of photons that arc converted to 

electric current (i.e .. collected carriers) when the cell is operated under shurt circuit 

conditions. External quantum efficiency is the fraction uf incidcnt phutolls thdt are 

converted to electrical current. while internal quantum efficienc\ is the rr,lction or 

absorbed photons that are converted to electrical current!3[ 

2.5.5 Maximum-power point 

A solar cell may operate over a wide range of volt;}ges (Y) and currelltsI4[. By 

increasing the resistive load on an irradiated cell continuously from zero (a short 

circuit) to a \'ery high \'alue (an open circuit) une can determine tile 11l~I.\iI1lLlI11-p()\\L'r 

point. the point that maximizes V· I: that is. the load 1'01' \\ilich till' i.:l'll i.::111 Jeli\L'j 



maximum electrical power at that level or irradiation. (The uutput pu\\er IS Icrll In 

both the short circuit and open circuit extremes)I..)] 

All solar cells require a light absorbing material cunLlincd \\ ithin thc cL'11 

structure to absorb photons and generate electrons \Ia the photov(lltdic ellecr. Ih: 

materials used in solar cells tend to ha\t~ the property of prel\:renti~tll) absurbing the 

wavelengths of solar light that reach the earth surface: ho\\e\er. some solar cells are 

optimized for light absorption beyond Earth's atmosphere as \velll.n Light absorbing 

materials can often be used in multiple physical configurations to take advantage or 

different light absorption and charge separation mechanisms. i\bn) currentl) 

available solar cells are configurt:d as bulk materials that ~lre subSCLJUClltly cut into 

wafers and treated in a "top-down" I1ldhod of synthesis (silicoll bL'illg the most 

prevalent bulk material). Other materials are configured as thin-lilll1s (inorganic 

layers, organic dyes. and organic polymers) that are deposited on supporting 

substrates, while a third group are configured as nanocrystals and Llsed as quantum 

dots (electron-confined nanopal1icles) embedded in a supporting matrix ill ~l "bottum­

up" approach. Silicon remains the only material that is well-researched in both bulk 

and thin-film configurations. 

2.5.6 Summery of Research on Solar Energy 

Photovoltaic solar pO\ver is one uf the most promising renc\\ ~Ibk energ~ 

sources in the world[7J. Compared to nonrenewabk sources such ~IS c()~d. gas. oil. and 

nuclear. the advantages are clear: it's totally non-polluting. has 110 l11()\ing parts to 

break down. and does not require much maintenance .. '\ \ery il1lP()rt~lllt characteristic 

l)f photo\'oltaic power generation is that it does not require a large "c~tle illSWllatiUIl ill 

'lperate. as different from comcntional pO\\er generation ~tatl()lh. \\'\\LT gCller~ll,lr:--



can be installed in a DISTRIBUTED fashion. on each house or business ur schoul. 

using area that is already developed. and allovving indi\idual users to generate their 

o\vn power. quietly and safely. Solar panels colkct solar r~ldiati(Hl frolll the sun and 

actively comert that energy to electricity. Solar panels eIre compris\..'d llf se\eral 

individual solar cells. These solar cells function similarly to large selllicnnducturs and 

utilize a l::trge-area p-n junction diode. ~'hen the solar cells arc c:\pused tu sunlight. 

the p-n junction diodes convert the energy from sunlight into usahk ekctrical energ:. 

The energy generated fr0111 photons striking the surface of the solar panel allo\\s 

electrons to be knocked Ollt of their orbits and released. and electric liclds in the solar 

cells pull these fi'ee electrons in a directional current. from which met~1i cuntacts in the 

solar cell can generate electricity. The more solar cells in a solar panel and the higher 

the quality of the solar cells. the more total electrical outjlut the s()iar panel can 

produce. The conversion of sunlight to usable electrical energ: il<ls heen dubbed th\..' 

Photovoltaic Effect. 

2.6 Working Principle of an Inverter 

From the late nineteenth century through the middle of the t\\ (ntieth centur). 

DC-to-AC power conversion was accomplished using rotary con\erters or motur­

generator sets[3]. In the early twentieth century. vacuum tubes ami g~ls lilled tubes 

began to be used as switches in inverter circuitsf31. The most \\ idel: used t) pe ul' tuhe 

was the thyratron. Since early transistors \vere not available with sui'licient \ oltage 

and current ratings for most inverter applications. it \\as the I ()':>7 inll'uductiun ll!' tile 

thyristor or silicon-controlled rectifier (SCR) that initiated the tranSition to solid st~lte 

inverter circuits[21. As they have hecome available. transistors :md \arious llthel' 

types ()f semiconductor s\vitches ha\'e been incorporated into il1\ erter eirl'uit designs. 

10 



For the purpose of this project. mosfet IS used. l'vlosfet llas the follO\\ing 

characteristics: 

No gate current 

H· I' . ~ 1()1-l(2 Ig1 1l1put 1111peUance > ~ 

Used as analogue s\\itch amplitier 

Use very Imv current 

Gate region is separated ti-OIl1 conducting channel by thill la) er of SiC)· (glass) 

\Vith high characteristics impedance >I01-ln affect channel conduction purel) 

by its electric field 

Gate can withstand up to ±20V 

Gate can swing either polarity relati\\;~h' to thc source \\ithollt gale currcnt 

tlowing. 

Can be damaged by static electricity literally by tOllching 

TYPES OF INVERTER 

(I) Single phase inverter 

(2) Three phase inverter 

The design of SOOV A is a single phase inverter. Types of single phase inverter are. 

(i) Serial imcrter 

(ii) Parallel inverter 

(iii) Bridge inverter 

PARALLEL INVERTER: this is also called centre tdPped uf a single pll~lse in\crter. 

The output \oltage is connected het\\een the centre tap ill' lhe \\Cl\,: \aridhk 

11 



frequency up to 100HZ. The DC source is connected bet\\ een the centre tap of the 

output transformer and common cathode point of the rvlosfet. ;\n inductor L is 

connected between the source and centre tap. Th is is the c( )mlllll tat i ng i nd llctanCt'. 

The load is connected across the secondary of the transformer. Ihe drain 01' the 

Mosfets are connected to the end point of the primary \\ incling and bet\\ een the drain 

or the Mosfets.The oscillator is connected by altcl'llating turning ()0: and OIT or the 

rvlosfet. DC source is made a\ailable across the t\\O hClhes or the prinl~lr: \\indillg 

\\hich in turn is available across the secondary \\inding as an .\(' \ullage b; 

transformer action. The oscillator is effectively in parallel \\ith the load aml hence the 

name Parallel Inverter. 

2.6.1 Working Sequence of an Inverter. 

The DC current enters an inverter. The invcrtcr turns DC clectricih into :2.:\.O-\olt 

AC (alternating current) electricity needed for hO\11c appliancc~.1 he :\( p\l\\,-'r el1ter~ 

the utility panel in the house. The electricity is then distrihuted to appliances. 

There are three types of ilwerter which are classitied according to the shdp,-' of output 

\vavefonn. 

1. Square wave inverter. 

:2. modified sine W(l\T il1\erter. 

3. Pure sine wave inverter. 

The use of modilied square \\a\'t~ oscillating l( (gener~lturl i~ llsed I'm thi~ 

project due: to the: fact that. it is e:rtieiellt ill dcsigll~. it i~ L'hC~lP ,lllll it i~ t'e~ldil\ 

a\'aibble in the market. 

12 



2.7 Solar and Inverter Comhination 

Having been exposed to the \\orking principle solar system and il1\erter as 

separate system. combining the two system would yield a unique functilll1al system 

that C~ll1 proffers solution to energy problem. The solar and the inverter are combined 

together to form solar inverter. Projects on solar are mustly limited to the use \en 

small \\attage of solar cell to po\\\:r calculators aml other pet prujects. Ihis has llllt 

really contributed much progress in solving energy problem. In\erters uj" several (V.\) 

have been designer with no consideration on the energy source to charge the batter). 

Solar inverter as specified in this design takes care or all these limitation b\ 

combining solar system and inverter system. The solar panel makes use of direct 

energy from the sun and converts it to direct current/voltage. The direct current i~ 

then used to charge the battery. The battery having received full charge is used to run 

an inverter. In the inverter system. voltage signal are oscillakd. al11pli fied and s\vitch 

on and off to give an output through the transti.)rl11er \\hich is sul"liciel1t el11111gh to rUl1 

home electronics. 

It is worthy to note that many student project design has nut cllnsidered solar 

inverter due to its initial cost of design of which the solar panel account t(lr ~lh()ut (lO'1 () 

of the total cost. However inverters of ditlerent capacity have been designed \\ith the 

use of mostet, thyristor. transistor and Ie based oscillator. Ie is designed vvith the 

analogue components. In this design SG3524 Ie which i:; basically uscd ~IS regulating 

pO\\cr Ie. SG35~.:j. Ie has Cl unique feature or complete I>W\;1. ~il1~le ended or \lush­

pull output. line and load regulation (\r ().~5u'(J. total "LIppi; CLlITellt i~ k"" thall I ()lll,\ 

and uperation is beyond 10()KI1zI91. l'he u~e (II 11{I'PI5():'\ i.-, ,1l111tilcr llniqllc 

combination in the choose ufcompunent LlsedIS). ~he 11{I:P15()\ j:, ,I !\1(hlel Jlld h~h 



the ad vantage of s\vi tchi ng very hlst( nanoseconds). second I y 111 os ll:l i s ~tI S() used as 

rectifier. \\hich is the ad\'antage it has over uther s\\itehing Cllll1p()IlL'nh[lJ] The 

limitation of this project is classified in t\\O major cakgories. 

-The natural cause of limitation. 

-The Physical limitation 

The natural limitation is as a result of nature itself. The proiect source el1erg~ is 

the slin lil!,ht enenlV which is 0111\ acti\e durin~ the cia\' and inacti\e durin!.! the Ili~ht. ..... ....... ~ ., "-., '- '-

However. this limitation can be overcome by Lise deep cycle hattLT~ or se\eraJ 

amperes rating that can drive the inverter thought the night. Recall po\\!.:'r input equals 

power output this means that the higher the battery rating the higher the duratioIl at 

which it dissipates power. The physical limitation is as the result of 10\\ 1'0\\ er rating 

of the solar panel. This limitation can be improved 011 by acquiring sular panel ur 

higher power rating that charge the battery at a vcry t~lster rate. :\cquiring a sular 

panel of higher power cannot render the already proclll'L'd sol~lI' p~lIlcl lIsc!L'ss: rather 

connecting the new acquired solar panel in series \\ith the e\isting Ulle \\llule! Ic~ld lu 

saving cost and improvement in efficiency. 
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CHAPTER THREE 

3.0 Theory and Design 

sUn lisht ----,4----l 5<J lar 
pannel 

--+ ... J ~! 
: I ~ 

~ I battery I - :'oscillator 

'---- I -----_--1 ------------
I 

\!A I,"i 1'1": t' t<: 1 i-'.r,' 
CI RCU !TOR r-

~ AC I~---·~-·J wosf~t 
AC ~!HHS ------.;rl-"·--_____ --I,I outpu,;'tnput :.-+c.~ .s"lohes -.nd 
SUPPLY l. i '-. ' re:c.tlt I €C~ 

sock€t i I 
'------'1 i 

Fig 3.1 Block diagram of 500V;\ solar inverter 

3.1 Power Block: 

The block consists of the follO\\ing components i"ulkming: 

Rectitied block 

Solar block 

Regulatory block 
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3.1.1 Rectified Block 

The rectified block consists of the input trZlllSllll"lller. bridgl' rectiliel·. filtering 

capZlcitor. diode and fuses. The transformer rating is nu 1 ~\. I ill' input ul tilL' 

transformer is supplied \vith voltage from the mains and the output is c\1l1l1ectcd tll the 

bridge rectifier junction of opposite polarity. Rectitication takes pLiCl' at the dimk 

arrangments. The output from bridge recti tier is tiltered by a j1ulari/cd capacitur 

connected across the output of the bridge recti tier at the forviard bias .i unction (i.e 

cathode to cathode or anode to anode junction). Diocks are used to prcwl1t hacktlc1\\ 

of current at any point where backtlo\v is nut desired. Full \\Ci\e l\,:cti licatiul1 ill\ul\ cs 

fOllr diodes. Two of the diode conducts during the pllsiti\e kM eyeiL- and till' 

remaining two conducts during the negative half cycle. The output i'rul11 the diode 

junctions is taken from the fonvard bias (same polarity) junction. The output is 

protected by a SA fuse and a shunt capacitor is carefullY chose lor liltering the ripple 

and hence a DC output. 

.-, 
,.:, 

1N4001 

DC OUT 
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~ 

V ('--- -0.1' \ .. ·o{ \." V 

Fig 3,3 fulllVave form 

3.1.2 Solar block 

The solar panel used for this project is a product or' Sullatck Tccimoillg) \\ itll 

the rating of lOOOw/sqm solar irradiance and :25 degree Celsius temperature. p\l\\cr 

rating of 5.0wP. current rating of: short circuit current:450m}\. rated current :350111;'\. 

maximum system open circuited voltage of :1()V. open circuited \\lILlge u" het\\een 

:21 V to :2:2V and rated \'oltage of 17V. fuse protection uf 1,(1.\, rile inll'rpret~lti(ln 

means that the solar panel is wpable of conducting at temperature bct\\een (25 to l)()) 

degree Celsius. The minimum voltage to is 17V and minimuill current llf ~5()m!\, ,\t 

etbnormal temperature of about 90 degree Celsius. the petnel is highl) insulated, 

HO\Ve\er temperature abO\'e 90 would damage the cells 01' the panel, Ilk' 

speci tication also shO\\s that the pane I maintai ns a \0 I rage \J" het\\ een 1:2 1-:2~ ) \. \\ IlL'll 

unloaded. The solar cells in the -;olar panel is inll'l'l1alh linked ill;erIL's t(l :lll'lll :llL' 
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solar modules .The figur~ belm\ gl\es clear explanations of internal I ink of-;nbr 

structure. 

[J 
rnDDu,-----, 

'C'[J'T-" 
i I 
: I 

____ :. ~2.=~ __ = .. '--__ .-_ ... -..... _-._-.. __ ----j 

JOO '------

( ,', III ~) 1 q (. r 

Utility ((lOn('( flOn 

I ' 1-------1: D 1-, -----; 

I 

r--1,·tL'! 

Fig 3.4 Sobr panel shuWlng illterllall: linked cell, 

3.2 CHARGING CIRCUIT FROM AC 

The 12V battery in the circuit IS charged from AC maillS through the 

arrangement of l11osfet. Coupled to the transformer. Diagram belo\\ SllO\\ s the 

charging circuit of the design. 

1.8 
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Fig 3.5 charging circuil 

Whenever there is AC mains supply. the relay 13 is energized and switch to ~() 

of the normal collect relay. The secondary coil of transformer nmv turns to he the 

primary hy stepping down the nov to 12V. The 12V AC is fed into tilL' IRI'P 1.-';1) 

\\hich contain a zener diode. Thrnugh the arrangcmcnt 01' 1i.)Ltr ICI1CI dil)L!e ~lS shu\\ 11 

in the fig above. voltage is rectitied to DC. The rectificd DC voltagc is then iiltcrcd 

through a polarized capacitor before used to charging thc 12V hattery. 

Mosfet switching is bidirectional device 

3.3 Design calculations: 

The O\'erall design of SOOV.'\ solar ill\erter s designed llsing soleu' p~\l1cl rur 

charging al2V battery. Rating parametcrs are as follmvs 

--Photovoltaic modulus specitication at I O()()\\ sqm. solar irr~ldi:ll1l'l' :lIld =:;(' 

cell temperature. 

-- \1ax power = S.Owp 
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-- Current - short circuit current = 450m 

- -rated current = 350mA 

-- ]'vlax system open circuited \ultage-=' 30V 

-- Open circuited \o]tage = :21-:2:2V 

-- Rated voltage = 17V 

The rating specified abO\c mell1S that the solar pallel is to sllp]'l: d \ ultage oj' 

21-22V and a current of 450mA when there is no load connected to it. It :tlso means 

specified that the panel can supply a voltage of 17V and current of 350m.\ \\hen a 

load is connected to it. The 17V supplied to the 12V. 60AH hattery can charge the 

battery very well. 

Energy stored in a battery = 12x60x60>60 

_c :259:2 OO()()J 

Power of the solar delivered by the solar pal1el : 

P, = IV = O.350x 17 = 5.95\\ 

E = PT 

Power delivered to the battery through solar = p()\\er reccived by the bLlttcn. 

However energy of the battery = 2592000().I 

if the whole energy discharges. time required to lill the hdllery 

[1O\\er of solar tray time required to till the h:ltten '-'11l.:Tg) ,-'n,-T~\ 1)1 the 

ballen' 

20 



D 'J' - E \\here P," PO\\ er uf the suLlr ll·a\. rs r _. ball.:rl 

Tr= time required to fill the l'nerg) or the batt~r: 

Eb= energy of the battery at full. 

= 2592000J! 5.95 

Tr = ~3563.03 sec 

Therefore Tr (H) = 43563.03/ 60x60 = 12.1 hrs. 

For 60AH battery. it means that 60A is discharged in I hOLlr. [t then means that 

60A can be filled into the battery in one hour for ful[ charging when discharged under 

the same voltage. In a real situation. no battery is allO\ved to drop LIp to 30% of the 

total rated energy. 

Therefore. the solar panel can be L1seo to charge the 12V hattery. 

3.4 Arrangement of the relay cir'cuits 

I
I I I . . 

I ____ ~~ -. 

. ---_._ ..... _ ..... 

Fig ':;.0 !cl~l\ ~\\ itcilc\ 
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Three relays: relay A. B.and Care lIsed fur s\\ itch in the desi~n. Ih,,' r,,'lc\\ arc 

connected in series and controlled by a rectitied \oltage t'l"\lm the mains .. \11 the rl'b;s 

are normally close mode relay. Rday A is normally close at the inverter un i.e. it is 

used to supply source to the inverter through the battery \\hen the main AC supply \s 

off. On the application of power from the main. it s\vitches off the i\l\erter. 

RelaY B: control the charging circuit and AC output voltage. On the? application 

ofvoltaoe from the main. the normally closed rela\ B is ener~il.ed and s\\ itches UI1 
~ .,., '-

the output socket. At the same time it make the circuit \\ith the Cllltplit transrur11ll'r 

winding which now turn to be the primary coillhrough transfurmatiun. drop the 

voltage to 12V at the secondary (centre tap/primary coil when AC is nOluseci).lhc 

12V AC is then feed to the mosfet and mostet serves as the recti fieL that charges the 

battery. 

Relay C: is used to switch otT the source from solar v"hen AC main is Cl\ailabk. 

The relay is normally closed at the positive battery terminal. The sobr panel can also 

be switched off through the manual s\\itch. 

3.·t 1 THE RELAY AS SWITCH) NG CIRCe IT 

The 18V step down transformer is used tu step dm\l1 :2:2()V lhruug.h the mains. 

The bridge rectifier is connected to the secondary coil of the transformer.fhe recti tier 

converts AC 18V into DC equivalent to 18V. The diode type of recti tier used is 

IN4001 which take O.7V to conduct. 

The arrangement of the diode in bridge rectitier enable::: diode III cunduct 

during the positi\e halfcircle and the remaining diUlk tu (llnduct dlll'ill~ thl' 11"'~:lti\l: 
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c 

halfcircle .. The rectified \oltage is then tiltered b) -J.7~lF-35V pulari/L'L1 c~q~~ll'itor 

before feeding to the input of the voltage regulatur. 

The \oltage regulator used is n 12 which takes in appro:-;il11atel) I S\ ~lI1d drlll~ 

it to 12V. The 12V DC is tinally ked to the relay A.B. and C for s\\itching cuntrul. 

The 7812 voltage regulator is a plastic \vith a metal body build chip. The Vin dip is 

noted by using the left dip as the input. and the right as the OLltput and the centre as 

the ground. The internal circuitry of the 7812 is shown bekm 
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3.5 THE MAIN INVERTER CIRCUIT 
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3.5.1 OSCILLATOR CIRCLIIT 

The oscillator used is SG3524 

SG3524 is chosen because orib properl) u!'n:.:gulating I,o\\er slippl) il1\crter 

(switching regulator). The Ie haw 16 pin dual-in-line-dip used tllr \oltagl' 

referencing. error amplifier. oscillator. pulse \\idth modulating pulse. tlip flop. dllal 

alternating out-put s\\"itches. current limiting and shut down circuitr). Vultage 

stability. 

ItNERT INPUT 

D, F. N Packages 

1~16 

NON.I!'N INPUT 2 

osc OUTPUT 3 

!,',CL SENSE 4 

I-!CL SENSE 5 

RT 6 

CT 7 

GROUND 8 

TOP VIEW 

Fig 3.8 SG352c.1 Ie 

15 ViN 

14 EMITTER B 

iJ COLLfCTOR B 

1:: COLLECTOR A 

11 EMITTER A 

10 SHUTDovm 

9 COMPENSATION 

In the design. the IC is supplied with 12V DC at 15: howc\er the internal 

circuitry of the design required 5V DC. The e.\cess voltage is being !"cd tu huth 

inverting and non ill\erting pin 1 and pin errm <.tll1plilier respecti\ l'l: \ i~1 pin) 11th 

voltage reference pin. The voltage output urthe comparator is heing slinked tu the 

ground through pin 4 and pin 5. vvhich 

The major functional unit (lfthe IC (SG3524) is oscillator circllitr) u!'thc 

uscillator is \'aried through pin 6 and pin 7 tor resistor and capacit()!" \\:specti\ ch. I'h<..' 

uutput of oscillator is pin 3 which is a single ended pulse fed direct I) into ~l Ilip Ill)!'. 
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The flip flop divide the single ended output inl\) t\\O and fcd to NOR gate. then to it 

transistors each attached to a NOR gate at pin 1~. 11. 1:1. and 1-+. Pin 1-+ dnd II ur 

each transistor are grounded (emitter) while pin 1:2 and 13 are the llUq,ut pin lIsed for 

push pull application and fed to the preamplifier transistor: 2SC9-+). 

'!iNG • 

!~'i'i :~"purO 

~;; i~;lPU;" 0 

o 

'REF@ 

• 

0·'c':'''' 
0.",,·;, 

Fig 3.9 illternal circuitry ufSCJ35:?"') Ie 

I .. 

I .. 

0 .;. 

0 
0 

G ~: i: 

From the data sheet of the ml.ll1ufacturer ofSG35:24. external s)nchroni/atiotl is 

needed to allow designer to vary the pulse duration derived and consequently the 

frequency. The formula generated from the ll1anU1~lcturer of pulse duration: 

'vvhere t is ill micro st'conds. 

Ho\vever for push pull applicatiun. the Olltputs are sCjxlratcd :uld llip Ilup di\ilk 

the frequency into 1\\0[9). Bellm is the characteristic timciuutplil gr~ll'iJ ilr' cil<lrgillg 

capacitor. 
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TIMING CAPACITOR VALUE (C-HI:F} 

Fig 3.10 a plot of Olltput dead timei timil1g capacitul \ alul' 

Thus T=RtCt Rt is chosen to be IOOKD 

Ct is also chosen to be lOOnf 

Therefore T = 100 X 103 x 100 x 10-9 

T == 0.01 sees 

However T = 0.0 1 sees 

F=_1_ 
0.01 

F == 100Hz 

The f1ip flop Jivides the frequency into 1\\0 

I.e~. J-:' --.. 100llz -I) 1-1 I 1 • - 2 =) Z(lutycyce) 

lOKD is used to drop voltage thal feeds the iIl\·erting ~l!1d \1()Il- im LTlillg ,:rror 

~1l11plijier at pin I ami =: and \vhich is linall) sink int() the gr()UmililrulI0.h j~ill --t ~llld 

pin 5. Pin l) is a compensation pin ~ll1d i'ullctiull in 11K' C~lSe \\hne there IS '-'I"llll" 

amplitication. The \·oltage is Sillkcd through 1 ()()Kn ill series "ilh ~=:!l( 
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Charging current = 3.6 -3 :..= 3,6 x 1O- S i,e, J(l~l;-\ 
~ lOOxlU 

3.5.2 Preamplifier 

The preamplifier used is 2SC9-1-) : 2SC9c.j.5 is an NPf\i silicon lransistor "ilh all 

excellent 

I ot'll""I'I\"ll1I' - ~()Ll'\ \"l\\,·\·,J!', "LII'I"'!'lll!'tl'" \",IS.·" t'l _'~( '()-1-'i ll\' out ,n_ U - J , : ,,'- '- '- '-,. ,'- '-, \. . 

transistor is calculated from 

i"~~·~~~~,n~~::',~,~~.:::~s 
I ~2 MAX 
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3. BASE 
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.JEDf=.C 

lEe 

Fig 3.11 SC945 Ie 

s c: 4:.-i~-l 
or-C) 9:::" 

PA:.3:~ 

By current divider theorem, the current that tlow through 2,21G2 resistor to the 

base as shO\vl1 in the diagram is thus 
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;./ 

"'. 

Fig 3. I::; Arrallgement of resistors to pre (ll11pliticd circuit 

12 

1000 

= 0.012036A 

= J 2.036111A 

From the dutashect. when If) is bCl\\ecll I OlJl;\ [0 2011l!\.!, I ()(JIll.\. I/
CI 

() ()\. 

Vr;s = (J 2 + 6)V 

== J 6V (superimposition theorem) 

From datasheet. when Vr;s is bet'vveen IOV to .:WV. 22A is tlo\\n through Ii) o( eueh 

Mosfet 
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3.5.3 Mosfct Switching circuit 

The s\\itch circuit used is muskt fRFP I ~() \\ilh the Collll\\ ing ekctriGti 

characteristics from the dala sheclllt'the mClnuLlctmer uncler the Cl l nLiililll1i ')i 

i\,10SFET S'vVITCHING ANALYSIS: Their combinatiun l)f ill\\ ()N re:-,i~t<\I1Ce ( ,ililile 11;11 

to zero volts). e\.tremely high otT resistance. km lea\.;age current and Ill\\ c<lpacilallce 11l,lkc" 

the ideal as \Gltage controlled S\\ itch elements for anall)g signal. ,.\11 ideal Sl\ itch i:-, it-; (),\ 

state. passes signal to the load without attenuation/non linearit). In \llT state it is ,lpen 

circuited. Negligible capacitance to ground and negligible couplillg its signal nj" s\\ ilcll lei el 

T:pically bet\\ecn 25 to loon (RON) in rvlosfets intended l'or use ill i\lwillgue S\\ilehe~. (jale 

signalle\cl is nut at all critical. as lung as it is suffieicntl:- nllln: Plhlll\e th,ln the 1,1 I",-,e '>t 

signal (to maintain RON Ie)\\). Ciate hreakdll\\n \ultage in \l,ltage illilluskt ,lrc l\pic,tlh ~ ,.,1 

as more. Mosfet switching is bidirectional device and S\\ ing to either pularit). \\itil '\ll1"Il:I 

switching, it is ill1pc)ltant to provide a load resistance in the range nf I k tll I D()" illllrlier III 

reduce capacitive feedback of the input signal that \\ould othenvise Cllise utl state. Ihe 

output current of the 2SC945. \\hich is lOOmi\ causes a \oltage Of(lV. (l\' ! l:':V 

= 16V which is enough to operate the Gate of I RFP 150N 

As soon as the gate receives 16V. If) current becomes :'::':.'\ fur each 1l1'tl1e 

mosfet. For two l110sfcts an: cllnnectuJ in parallcl. tile tUlcl1 cmrent \\ ill be tIll) tillll.'" 

the current of each of the mosfets. This is the current that flu\\ during each Il,t/i'l':ck. 

Below is the characteristic drain to source un resistance' drain current pillt. 
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Fig 3.13 A plot of drain to sourcei drain current 

Thus Illal! cycle"" ],/f) == ],/ ],],== 44 l\ \\ hich is the (lut-put current 

which is multiplied by I],V that pClsses through the trans ru rill IT cui! III gCl1l'r,lll' 

528VA. Thus Po = fhal! cycle X12V (voltage thl'l)ugh the tranSflll'llllT \\ imling) 

Where Po is the power output. The inductor is connected in series \vith the 

transformer primary coil to enhCll1ce the sinusoidal wave required by AC g'lcigets. 

Fig3.16 is the characteristic wu\e form of the output 

\" 
'i 

AC 
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CHAPTER FOUR 

.to CONSTRUCTION, TESTING AND DISCUSSION OF RESULTS 

·u CIRCt;rr CONSTRllCTlON 

Project involved practical e:-;crcise of cOl1\crting the designed circuit diagram 

on the paper into a real work ing harcl\vare. The ti rst step i l1\ II I\es \ eri I) i ng till· 

workability of some parts and components of the circuit ()ll the bread bLlard. \\ hich is 

the temporary circuit connection. 

The mall1 construction was done on a Vero board. The involved ek'L:tronic 

components \vere carefully connected together under the guide uf the circuit diagr~lIn. 

The breaking dmvn of the complete circLlit during the design allal) sis. in the carl: 

chapter. was of great importance in the construction. Each unit circuit \\ ~\s e:-;eculcd 

one after the other. After which all the units \\ere joined together as a singk \\urkin!.:' 

construction. 

The power supply unit was quite delicate during the construction- it \vas made 

with great care. After the complete construction. the pom:r units \\ere pJ"llpcl·l: 

checked for short circuit and unwanted bridges. The circLlit"s construction il1\()hc~ 

the follovving materials and tools:-

• Soldering iron 

• Soldering lead 

• Jumper wires 

• Integrated circuit sockets 

• Curting knife 

• Razor blade 
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• Pliers 

• Puir of Scissor 

• Digital multimeter 

~.1.1 Casing Construction 

The consideration given beton.:: chousing the casing IS based 011 the l:- pc: \)1' 

project. For a power project, the casmg must be rugged enough tu house aJ I the 

components. 

In the case of the project metal casing of gauze 16 v\as chosen. The metal ,vas 

bent into handle shape, transparent plastic band Ie attached in other to ease view and 

carriage respectively. The case is also perforated linearly ill other tll allu\\ L''\change 

of heat hence impr(wement in heat skin. The tig..f.! belu\\ sh\l\\s the c~lsillg 

construction for the project. 
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4.2 TESTING 

In test solar inverter system. adequate precaution should be taken. The Jirc,t !hil1~ 

to do is to check the terminals orthe battery_ solar tray. The rd c~1bk ~tc, in~!ic~lkd ic, 

for the positiw while the black is tln the ncgati\ c terminal. lhe lig.-f:2 hL'lu\\ ~1\ L'C, ~l 

vivid explanation of the connections. 
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The steps involved are as follo\',s. the inverter and the solar panel switch are otT 

to brake the circuit. The red cable from the solar imerter system is tirmly connected 

to the positive terminal of the battery and the black is also connected to the negative 

terminal. 

The next step is the connection of solar panel. connecting red to positiH.' ,mel 

black to the negative terminal is done amI expose to sunlight ~ourcc. The oLitput 

socket is ensured off and the connection cord is connected to the i'\(' mai ns. 

To test from the system assuming there is 110 AC main supply. the solar charger 

switch is off to avoid damaging of the solar panel and the inverter switch is on 'vvhieh 

is confirmed by the LED indicator. A 60W bulb or load less than 400W can be 

connected and it vvould be observed that the system comfortably powers it. In a 

situation where there is supply from the mains. the relay would orr the imertcr and 

AC from main now powers the load. 

4.3 RESULT DISCUSSION 

The result of the testing has now contirmed with the theory by supplying po\\cr 

llsing the system to power the 10m!. In the design. 528V A was ohtained as the output 

which is Yery close to the intended output. 

A great precaution such as proper soldering. proper insulating. proper gnllinding 

and proper fusing is done to ensure the realit\ ut' the design. 
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CHAPTER FIVE 

5.1 CONCLUSION 

The project achieves its aim and objccti\e by the usc uf intcgrated Ie and Pll\\\..T 

regulator for imcrsiol1. This is aimed ~\t credting a\\aren\..'ss un the usc llf ~\hllnd~\I1l 

natural resources ··the sun"' to generate energy uscrul I()r homc eiL'ctrul1ics. 

Therefore the demonstration or these projects should maKc pCllplc \\ Ill) spcnd 

lots of money to run and maintain generator on daily basis. to consider solar il1\'crter 

system in order to save their money on the long run. [n addition. solm il1\erkr does 

not make noise. pollute the environment and also is not associated with mechanical 

fear and wear whereas compared with generator machine counterpart. 

5.2 RECOMMENDATION 

1. The system should dcsign using a murL' pcl\\er rated solar panel 

ohvhich is the limitation of this design. 

') The future designer shuuld incorporate two battery bank to he 

Controlled bv a switching circuit. 

3. tJniversity cLlrriculu111 shuuld ~lnbark 111UI\~ UI1 practical tu aid 

Understanding of the thcurClic~tI pllslulak's . 

..t. (ill\crnment should cncuuragc uni\crsil: h:-- huilding 11111l\.~ 

sophisticated laboratury i"or uni\crsilies in urder III imp\"\)\ e Ull {)UI" teelmul\):..':,. 
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