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ABSTRACT

Phue to the ervatic nature of Blectrichty supply in Nigeria today and the hiph cost

of procuring standly generating sets it beosme neoessary to took for ali erpative mothods

pag

of generating eloctiolty Tor domestic use,

The Purpose of this work is fo develop the doo - a.o boverter/ charger unil as an

afternative to the e of gonerating sets bersuse of s fow cost and s maintenance five

sature.

The components used in this design are locally avatlable thereby meking it
masible to produce the Inverter fcharger unit cheaply,

The mverisr charger was designed waing power Mosfets as the main mverter
swhching compopents and the switching stgnals were bgw‘w ated by @ 535 tner Asiable

anitivibeator, 1 is essentially 2 square wove Inverier, The Juvertor/ charget can power

foads up o SO0V A from an ondinary 12 volts car batlery.

§
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3




CHAPTER ONE

1.4 IMTRODULTION

Trae to the unavatiability of 2 consimy supply of Blectricity in Nigeia, coupled
with the high cost of procuring stendby generating seis, H becane nevessary W devise an
aliernative source of electrictty that is cheap and Environment friendly.

s Inverter is o devioe that transforms g divect corrent input into an altemating

current outpul, Inverters are posvered by battertes which are a source of direct currant

The concept of do - 2o inversion is not a new development, infact nverters have
been mmployed in uninferruplible powsr supplizs {or computer protecion and mowmuoior
contend apphications. The objective of this work howaver is to employ the deaw Ipverto

as an alterpative sowrce of glectsicily for bouseho

i use and also for small scale power
needs.

A inverter ablows you 1o s

equipment that ron on allemating current on
vehicles, sinee the invertey can be directly connected 1o the electrical system of the

3

vehicle, This means that Television sets, Video cas

orders and other applisnces

that run o0 4.0, can now be uaed i cars, Buses and brucks

The inverter/charger consisis of two anits viz, The inverter unit and {he batiery
Charger uiut.

INVERTER UNET

.1 shows the inverter in a very shaple forny The tput deo. is converted ido
The pulses are used o furn 2 set of Power Maosdets onand

puises by the pulse generator,

off.

The Mosfeis are controliable switeh = thei Yon’ and Coft siates can be
condrodled. Other controllable sswitches that could alse he used ave the Bipoiar pnotion

Fravsisior (3,07 and the Thyristor {silicon controlled vectifier), AL the power sliage 15 o

step op Transformer which has enough power rating 1o power the load,

A5 SN
3
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inpuifd.cy ST ERY

Fig 11 Sohematio diagram of do - s Inverier

Voltsge sonroe tnveriers that are being emploved are of thrse types.

§y PULSE WIDTH MODULATED {PWHM) INVERTERS:-
tn these mverters the mput DO §s essentislly constant in magnitude, The

w

inverter therelore maust countrol the magnitude and the frequency of the AU output

There are various schemes to pulse width modulate the swilches in order o shape

0 sine wave as possible.

the ouipud AC voltage (o be as ol

2y BOUAHE WAYE INVERTEERS

Iy these wveriers, the wpnt do voltage w controlied i orvder 1o contrel the
magnitude of the oulpud 2o voliage and therefore the foverter has to coutrol only

the frequency of the oulput volts The output ao voltage bhas o wavelornsy sunilay

s g sguare wave and hence are called souare wave invertors

LLATION

3y RINGLE -PHASE INVERTERS WITH YOI TALT CANO

s case of inverters with single- phase output, the nverter has (o control the
magnitude and the frequency of the nvertoy oulput even though the input o the s

copstant doo voeliage and the inverter switches are not pulse width modulated fand

sorters coinbine ths

bence the owdpad voltage 18 Hkie 3 sopuare wave )

3

aracierisiios of the provious two inverters, YVoltage cancellation technigue work

o~y
L2141

ooty with single-phase inverters and not with three phase sysiems,




BATTERY CHARGING UNIT

ho hattery charging unit i3

o dowrr by a step down Transtonver |

reciified oudput 13 passed throug

£ 5,

SR YT
. V‘.)

HRES FeEn

e Tod 1o the batieries for charging

showsn i s simplhs

: 2 H RECE T

il Bas

before it is rectifled and Rltersd,

fstor and the regulated culputl can now

Ongtputtd.o)

ally there ars two methods of

Constant - v et

There ave other methods whivh ave also used, bt they

mentioned methods

P /I 1 JOU STAPTS S,
Booster/high rate cha

rmi

YoM

vickle or slow rate charging

Floating system

¥
ks

3 CONSTANT CURRENT CHARGING- th

defintte constant rate unti] no Ruther rise i th

-

place,

N

CONSTANT YVOLTAGE CHARGING -

battery nears is charge, the terminal vohn

charger

charging method.

5

charging haiter

opposition lo charging current therefore 2 bala

i FETRORY Litear 3oy
it Ry St dinwn
"""""""""""""" fansinonne B
Fig 1.2 Charget

are mnddifications of the

e battery ¢ s place at

chyarging lakes 4

w apecitic gravity of the electrolvie

{ operaies on the principle that as the

wilhy morease m

i1 the

k4



AIMN AND ORBIFCTIVES

The design of the Inverier/charger focusss on do - an Inversion using a
repdily available source of divact cugrent, the battery, The design of the S00VA
Inverier/Charger is guite stmple and the clectronic components employed 1or 1's

cireuitry are repdily available incthe yuarket

The desipn takes lnto consideration the fellowimg.-
Size and wweight

iy #pnt power

Availabiliy of compousats

{veerall cost

The Inverter/charger was designed to provide the ollowing

nevator, hecauss it aliows

I
™

To provide freedom from noise , vibration and fumes of 2

b0 shizin sident ao, power sathout the need oy o generaior

;

To provide adeguate power for household applances Hike TV, VCR, stereo and most siafl

plisnces independently of the public electricity supply In arens in which the supply is not
ciaity in the rural are
“To serve a5 a standby supply of electyizity when there s maing failure

“To provide g cheap alernative 1o a standby generating st

1.2 LITERATURE REYIEW,

Fefore the develnpment of the d.o - a.o Toverter, there was no other svay o chiain

AL powsr pther than from the mains supply of from standby generating sets. The mains

wootal

supply i Nigeria s guite unrelisble and generating sets are £ uite SRpensive lo procure.

v

The development of the de-zo Inverter bas therefore made it posaible to obtain AL {rom

¥

hatteries which are readily gvaiiabie
s

The world's firat high performance power fnverter was introduced in 1983 by

o

Heart interface who has been o leader in inverier




Howag st yeasonably priced comercially marketed toverter /Charger B
f#owas the Hrst reasonably priced commercinth

was the first roasonabde priced commercially marketed DO AC power inveriern
iy 1984 Heart Interface patented and introduced inverters withiming Field effect

fransistors (o, Mosfets -Metal Oxide Somn Conductor Field BEffect Transistorsy fiw

main prwer output devices - The use of Moestets made the desi

ave wnch satlor than Bipolay Junction ansistors,
1.5 PROJFCT GUTLINE

This wrile up contres aromny

o ddesign ang

 design stages mvolved.

AL nversinn and the variong

methods used o achyeving this

Chapler two suthines the process of designing the mverter/charger system and the

varins fovels that make up the complete systom,
“hapler three deals with the process of Assembling the varous component parts
of the investor/charger system and the testing of the design and also the analysis of the

resubis obtained,

£

My

Ve

hapter fowr gives the concluding remarks | recomymendstions and reforences




CHAPTER TWO

TOBYNTEM DESICN
To make the construction of the inverter /Charger avstem #wag necessary 10 break

doeswn thi complote e 1 to much sunpler modales

COMPONENTR SELE{THON

214
Thy major components employved inthe design proves of the lnvertor /cha
BITs and Mostess, 555 Timer I voltage regulatoy

include the follnwmg, Transisiors- B

IO and s number of resistors capacitors and d

the various lovels and aniis of

The slectronie components Weie BoCossary 63

the inverter/chargey

AL ZETY - TERMINAL ADJUSTABLE POSITIVE VOLTAGE REGULATOR

apable of delivening 2

v

abde - termimal pos

g 317 i an adjusts
{1 addit

s LAY 1o 3TV output range. o higher

magimem current of 1OA ove AT TS
performance than fixed regulators, the 3177 offers Bl overload proteciion available only
thermal overload protoction cirouivy.

i dos. included on the chip are current B,
is sttuated far from an juput filler

Wormally no capscitors are needed onlessthe d
sded. An optimal oulput capaciior can be

choase an wpd Dypass 15 needed,

sapacitor in whicd

"x"wg)w 152,

added to improve transt
gjoction ratio

SRR
WLV

Giustment terming! can be bypassed Lo achioy

ey Bigh input ripple 1

The a
swhich iz diffionlt o achieve with standard 3- terminal regiiaiors,
d reguistors, he 3177 s useful in o wide varigty of oth

Besides replacing fixe
epulator is floating and sees only the inpol to output ditferential
ted as long a3

voltags, supphies of several hundred volts can be regulated

ication since the yeg
the maxanun inpul

<




to output voliage is not excesded The -

“was used to control the magnitude of the do

gt B to the Inverter,

LAZELL 355 TIMER

TOA

Fhe TLC 555 45 2 monolithic tindng circuit fabricated using the CMOS process,

Duetoits highinput impedance, it is capable of producing scourate tme delay and

cscitlation using less expensive smaller tming capacitors,

The T 555 thmer achicves both Monostable and Astabie modes of “gperation. In

v

syide 1§ possible by bypassing vne of the Basi

stors with a signal
disde. The Cmos process allows the TLO 355 to operate al frequencies up to 2V and
be fuily compatible with Cos, TTL and Mos logic, It also provide a very low power

consmmption {Pypicatly [mW ot VeesSV )y over 2 widde v voliage vanging

from 2. Volbs o 18 volts. Fig  shows the 555 timer with its pin confimrations.

The 555 timer was used as an astable multivibeator (o generale sguare the pulses used in

g the power Mosteig

213 YOLTAGE REGULATOR (TEXKY BERITS,

Thus series of three terminal regulstors are available with several fixed nutput
voltages malung thery useful i 2 wide range of applications,
The voltages available allow these to be used i logio systenyinstrmentation. This saries

aftow over 1.9A load current to be supplied it adequat {urrent

Hyviting i included to i the peak nuiput cwr proteciion

is incloded 1ol internal power dissipation. [ imemnal power dissipation becomes too

{w
o

i%

_..

bigh for the heatsink provided, ihe thermal shutdown cirewt takes over, preventing th

from over hizating., Common ouiput regulated voltages are 56,1215 and 24 volts,




214 POWER MOSFETS

The Inverter switching stage emplovs the power Masfer for switching purposes,

The Mosfet ¢

designer a bigh speed, high power device with high gain, almogst
o storage bine o thermal run away and inhibited breakdown characieristics,
The Mosfet is & majority carrier device, i is a voliage controlied device Lo s

voitage of specifred tinit must be applisd betwean gate and source torminals in order 1o

prosince a cugrent flow in the dradn. Fig 212 shows the syibol of an Mochannsl

,-

sy b
fe2th

i ement mode Maosfsr swiich,

When the power Mosfet is used as a3 i+ between the diain

and source terminal s proportional 1o the diain current, Lo the Power Mostet bs wirking

it the constant resisiance region and therefore it b a3 & resysbivity

clement, consegquantly, the on resistance of the power Mos impostant featurs of

mesit beoause it determines the power loss for a given drain current,

b eftect, draty current staris to flow afler a threshold pat
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gate voltage 15 approximately soust
in ovder to furs a Mostet on, a gate- source voltage pulse is needed to deliver

4

sufficiant current {o charge the input capaciior in the desiredt tme. The | PP Capactior

the suwn of capacitors formed by the metal oxide om

annd gate 1o sowroe {Cos) .

Tt off the Mosfer, since it is 2 majority currier semiconductor device, it begins fo

*.
e
oo

-
o
-
=

turn off mwmediately vpon the removal a1y high
impotance botween dinin and sowrge, thus inhibiting any corrent flow, Fig 213, shows

the terprinal characieristios and load Hnes of the power Muoafet.

cture, from gale o degin (Con )

is

;




2.2

.
vy

BETAILED DESHON PROCEDURE

The inverts rosystery conprises of bwvo main parls vz
Battery charger module

Inverter module

BATTERY CHARGING MODULE

The charging conststs basically of g step down transtormer whose outpy
rectifiod using a full wave bridge rectifier arrangement. Fig, 7,14, shows the
cirputt arrangement of a full wave bridge rectifior and it's assoviated wave

forms,

For a full wave recifier,

Lois the toad voliage

Yarg the wmax vaeloe of secondary vol

“

The output of the rectifer s Bllored and fod into g 15 volis regadator. This
proviucsd 8 constant oulpud of 153Y . The 78IS 10
repulator

The 7815 I has a maxdmum rating of 154 and i1 has to be mowsted on
Hentzinks to deliver i9s maximum rated ourvent. The MIZUSSE Rilicon M-P-N
transistor was used o carry the load corrent from To achieve this the MI 2

was connected o conunon base mode to the 7815 I

bw G

L
i




Assunnng t age

i g corrent of 03 mA HBows info the volisge regulator, for
3

inad current greater than 100 A the drop across the resistor tums on the current

ooy

boosting out bound fransistor Hmitioe the current through the 7815 {0 100mA but
i”- o b3

the outpul voltage w sttt maindained by the voli

For a Bipolar fonction fransisior

Where Is = Hn t; fey et

i Base current

{zupplied by the Transirmern

o= 1001

St

oo 9 UGS
50 the load current can be debivered by the vansistor. A currsnt Himiter
was necessary to it the currend being dravvn by the battery during the churging

PHOCSRS.

3
ot
o
-P‘

Assuring that battery potential when weak is 115V v charge output voltage =

pee
.
e

Charger optpot curvent limbis = 8

frosr Cthros aw

e

Assuming thet a batferyis at 115 volis

The charvger output i3 14 volts

Potential difference between charger and battery 18

Ay
o~
Ay




g

The valu of Hiniting resistor was caloulated as follows:

.3 Ohms

]
o~
W
o
X
o
0
ey
.
pvse
P
’.»'/
3-.-.-

sated by resistor

e
.
"\w)
=2
P
o)
£
-
<2

The battery charging civouil s shown in gl

244 INVERTERMODULE

The inverier unit can be divided indo the following subunits

PR

e

1y Tverter mede switch oo

PN

Y

2y Pulse generator ciroutt

e
o

fnverter switching civond

Lo
o

Omtput Power transionmer

341 INYVERTER MODE sWITCH

The section employs twn MPM transistors and one PP Transistors used a3

sewiiches, This design eliminated the use of o relay o achieve switching betweon the

inverter and charger units,

P o tronststor to nperate as switch, it must be oporated in the saturntion and cul

Figure 2,16  shows o typloal BIT awitch,

The coblector urrent al satnraiion is given by foss = (Vo =¥

Fop the fransistor 1o be in saturation fs must be 5 50 A




-. .

The

Dy i the base of Transistor € base current flows and G conducts, shutting

f 3«

curvent 1o the base of Qz by putiing 115 base al a revo potential, This furms O off and
since current can oot How ot of Qo the rransisior (7 also is frned off)
Therefors since there is no nput to the polse generator, the inverter i off

%
Y

‘hery the i o D s removed Ve iz

s dropped across Bioand curront Hows 1o the
base of Qr thereby turming 1 on and Q3 85 now on also. beonuse base current can now
foee ool through s base, Therefore the pverter comes on,

The tput to D, is available when the iveripy/charger 15 plugged to the mains and scig

s batiery charger,

2 4, 2 PULSE GENERATOR CIRCULT

A

ey lo conneoted as an Astabls

The pulse generator was designed using a 557

iz 2,18 shows the schematic diagram of 2 555 timey fo connectodt in an

e

mubtivibrator, F
asiably mode and the ‘o’ and “off” nanwe of its putput wave {orms,

fv the astable mode the freguency of escillation can be caloulnted,

N

Let don {the ‘on’ tme of the 3557 = G693 (B Ry

Lot torr {the off time of the 55y = 0693 (B




foud

s the Thming capaciio

It is appasent that the “on’ toe must always exceed the “oft” time in this conbiguration
unieass Ry, has a very fow resisience compared to Ka.

Therafors 1o make e = for eoual valoes wers chosen foy Ry and B and 2 Diode was
connecied across Ko
Fhis uow gives.

T = (0683 By O

Fo = 693 o ©

Asswming B 10RD

Freguency = 50 Haz

v ot Yo
Tagger 1 2 1 Discharge

5
6

Output {13 7} Threshold
8

7 Conirol Vollage

moset b

Pig 214 555 thmer bo

P




243 INVERTER SWITCHING CIRCUET

This clrenit employs six IRFS40 Power mostets connected in paratlel. This allows for a
sharing of the load rurrend and provides more efficient poseer handling The Mosfets are

mecied directly to the power bansformer to make up the power stage

244 POWER TRANSFORMER

A teansformer is g static o {stationany) piecs of apparatas by means of which elecinic
power in one cirouis is dransformed into sleciric power of e same freguency o another
cirenit, The voliage can be raised o7 lowered, but with a considerable drop w cunrent,

The transiormer comprises of pvo windings, The privary and seoondary svindings,
% b 2

The transformer used for the verter/ charger s a step up tansformer,

Last M, = Mo of turns in promary

secondary
drwe Wlaxdimum o in core i owebers
= P XA

Beemaxinun Ty denaity i

o

pus
o~
8
ot
b
ke
-
St
-t
%

Ao gres of the core
F= freguency of a.c. input i Hy

Ginee flux ncreases from e Zero value to maxivmay value duw in one guarter of the ey

The average rate of

G wrds or Volt,

The rate of change of fux per R NS frgdoced oo f i vols,




+

Average e/t = 4ihe Volt
B govaries sinusoidally them v valoe of bubicced ¢ s obtained by maudtipiving

the average value with form {actor,

varna, value of e i/

it 221 S "'4?{(132‘.‘: = "" ‘;{ii 4 '@’ﬂ;
Mew s value of the imded com o the whole of primary winding,

= {ipduced can L Aumd x Mo, of primary turns

GoAdiPdy g = SAHN B A L e I e e r s {1}

~

Suntlarly s valoe of the eom P induced in

oo 444N e o AN Bod ISR e (i

From gons. (1) amd {81 i can be seen that

4 A
This means that the e to bomns ration i3 the same v both the primary and secondary

."

windis B3EE fronn 53 AR

Where B is the voltage transformation ralio
Peglecting tosses

Input powsr = Ooiput power

2

Unapnat of invertor/charger SOOV A

™

Cuipit voltage w PN

e

b {Secondary Current) = campit power {VAYOut pot voltage

= SOOV2E0 = 227A




b tprimary current) #

Assuming that due o losses that the peak voltage obained duwing oscillation is

5
kS
R

s the maxamum of 12 volfa, a0 @ volt 1o 220V step up apaformer was gaed
mgtead.

For the wverter output slage a 300V A, 9V {0 220V sep up transforner was used,

The complete inverter cironit is show jo fig 220

2.4.5. COOLING SYSTEM..

3

hee to the heat generated by the nverter operation, it be was necessary

pees

1Y) ’»‘3(

the Mosfets by mounting on an alomdnem beal ai

mounted o draw out the heat produced in the Iverter and in the process draw i cool

B

air thyough openings i the casing

245, STATUS INDICATOR

This eonsists of two Hghl emitting Dhodes connected 1o the ivverter and charge

cirenils to indicate the mode in which the nverter/charger s operating. The Green LED

shrws that the mverter/ v charging mode. The orange LED comes

on when the inpverter/charger i3 in the wverter mode,

247 BATTERY

i

The battery provides the o input to the fuverter. The capacity of a batiery is the

guantity of electyicity which i can give oul during a singl

7

‘

I other words i 1s defined as the product of the discharge ourrent and discharge
time. It is expressed in ampere hour (ALY The Al the anmwont of power m amps that

the baltery can deliver over ¢

o)

specificd period of time,

[




To ngreass the amp howr vating of batteries, hattery hanks can be created by
comneciing paralied connection of butteries. Whan battories are conngoted in pavalle] the

7

i of the battery bank is the same s that of cach adividual battery, The amp howr

rating is equal 1o the sum of the amp hour ratings of sach battery,

janes
-

o caloulate typionl power regudrement for g dovicr connecied (o the inverter

waswning an efficionoy of 70%
Efficiency fctor = 100/70 = D47

deamps = ac Power battery voliage

Actusl do amp = ac amps x Eifficency factor

anys by consunied

o
-m\‘
=

For the iverter/charger o power the Joad given for the four- hour period, 2 6AhL

~~

battory is suitable

477
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CHAPTER THREE

36 CONSTRUCTION PROCEDURE

copnecting the clrouit

The constroction pricedure involved first temporarily

nponents o a Bread board according 1o the civeuit diagrams. The charger module was

PN

5 measured. The cironit was then t rransferred

first commnected and the outpet voilags w3

o

anio the Wern board,

The jverier module was also connecied on the Froadboard and the ouiput waveforms of

e 599 e was observed on the oscilioscope. The inveriericharger mode switdl

o

. 4§
e v-.*., LA %

! qerator exchuding the Power Mosfeis w

comnponents, the pulse get

e
the wern board,

aror RS and other neosssary

FERSI AT ndiont

”
-3
H
tE

.
5,

The heles for the cooling fan, bans

".?1

sorforations were made in the prefabricated metal casing. The strong metal case was

35
,u.

nezessary becanse of the heavy componenis of the mverter cliarges.

The Mosfets were thap mounded 1o the Aluniniim heat sink and sore sovaid doowt,

The sannecting wires wers ther conpectad to the various points as ndicated on the

of the heat dissipated by tho power

S5 nEnshaly BECAURe

cireuit Hogram. The heat sink v

miosiets,
The components were fnally as asembled together in the metal casing and all wires

eeere connected to the various parts, After all the paris wers coungoled, 8 SEREH

s oiion was carried out 1o check all O LTIOE.
Y '5 )

oy /A harger s shown in fig 2.

38 TESTING,

Having ensured that all the necessary commection were Tully mmade, the

per was connected (o a 12

T e rom et omge ey ce
wyverter ohiar g
gue was af 220Y

L3 The vasiable resistor, VR was adiusted un i} the output volia




Yarious loads were apphied to the outpud of the nverter anit Thelr vespective power

4]
Erl 2

e =

consurnption 5 shown b

Table 1.1 Power consuraption of Appliances

WER COMRUMPTION (WA T

APPLIANCE

47 colour Telovision

Y setie rooorder 443
A by N e P
NCTED (7;4% ¥ K

ar befevinon

[
e
=

32 RESULTS

seary 1o consider ihe

i wEs e

o

Since the nverfer was

0

.
nvwer conswmed o




e

arption of applisnces over 3 -hour period
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CHAPTER FOUR

COMCE LRI

The atm of this project work hag been 1o provi fe an absmative 1o the electrinity

v

s supply to dus 1o s eriatic nature. The inverier foharger can power most ouseho sid
appliapces for a period of time that is divectly proportional o the amp hour rating of the
batierizs, The poriod for which the foads can he powered an be incregsed by nereasing
tedd

iy

¢ the oy

srggiang Curent e

the batiery bank size,but that would mean HIE

charge the batteries, othe ige B owoutd take 8 vory long time lo charge the batieries. tha

g

A typioal car batlery

wverter /oharger unit excluding the batiery cost fess than

P -

posis about MZSG0 L this gives a b NG00, A smalt generator of the same o apacily

as the Jverter costs hetween MHE000 1o 8 40 00, Table 2.1 gives g tisl of components

BRECOMMENDATIONS

For futare improvernents, would recomme e that the inverter/chargs have

feature ke low baltery shul down and puise w adtly modnistion, which s a bettor nethod

3

o be able 1o deliver up b

be used for inversion, The charger wnil must be designed

v banks can be guickly charged.

Deep oyole batevies which have relatively thick lead plates all oyed with antimony

or cateiim to make them harder, are betier anited fo deep discharge and use for inverters

s starting batieriss use i high number of very ihin

ihan Banine starting batleries. Engh

o

in intes.

The resulting bigh swface area of the plates exposed Lo the glecirolvie provides

the capacity to produse the short burats of high current necessary 1o stant i

They are rated & sabed cranking Armps (04 A

27




This number retlects the &

t 2600 degrees, Fngine starting batteries

HONP N S Y s revied reverivitornen b
for 20 seos avd mamban 1

v

not appropriste for nverter

telsy independent of Nepa by

‘Charger can be made 1o be vom

by

s 1o maks 2 complele installation,

o
H

wh i arnps which a new batlery cmn deliver
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