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ABSTRACT

Due o the interruptive nature of eleciriclty supply in Migena ioday and high
cost of procuring stand by genergting set d became necessary to look for alternative
methods of generating electicity for domestic used.

The purpose of this work iz o deveiop a DAL wwverter and charge unils s an

rymn ey g :,,. 3 i ovE YT H o i TR
shemative io the use of generating set Decause s low cost and is maintenance froa

rature.
The low powsr inverer and charger was design using Transistor as the main nverter
switching componants, i is purely a sine wave inverter, The nvertorficharger oan

tiamps freem a Oy baltery

method, procedure and the realization of the device to achieve the above g2t

AT

abiecive are containad in this proiect repo
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CHAPTER ORNE

1.4 INTROGDUCTION

Eiecticity is the most conveniant sourme of Electricsl Energy, for use i all

Y

azpact of economy. B can be quichly and efficiently ransmulled over long distance,
and can eassdy be converted from one form of energy 1o another fomm. | s also uzed
1o power residential equipment such as glectric cookers, room healer, radio, TV set,

abr conditioners and some office eguipmanis

Some equipment and machine have greater need for qualily and eliabie

power supply. Power inderruption has etdo delaved or stoppage of some industial

3

tals Vital and sensitive equiprment both in offices

processes, death of people in hosy
and at home can alao be damaged due o power culages.

Howeaver, some have tuned {0 genergting sets, o provide allermalive means
of genergling AC mains. The generaling set has seme disadvantagss, such a3 noise
potiutions, Ax pollution and the nead i be buving fugl which is quile expensive
rswaays.

Trerefore the better allernative means of powear supply o electnically driven
industrial machine, commercial and residentinl equipment 18 neadad. The powst
prverter meets this nasgd,

This i the reason why power inveder was devedoped 1o ensure reliably pov

Supply.

er i the fuorascent

i this peolest, the system design © the typs th

the inverter system, with the regquired energy which iz then transformad in to AD

mains, W ight the fucrescent lamp.




The syatem thal is o be desgned in this project iz the type of powsr invader that
et VDI t0 280 VAL when there & power fadure, Uis design o carry flourescent
larnn corventently sinoa i s of low powsr rating. The complete inverler sysiem iz
nagde up of batlery charging unil, which use power from the main o charge the
Batiery 43 long as the power remains on.

The other unils i the wverter unil, which invert the DO (DIRECT CURRENT) from

the ballery o Allernating Current (ACY, and in this design, 1t is o wmwvert 8VDE o

{3y

1.2 STRUCTURE OF AN INVERTER

The figure below shows the block diggram of power inverds

3;{,@:{{:& » Y E?%?E,

Fig 1 Blook Diagram of Power Inverter

.24 CHARGER
This saction is very important fo the duration {useful e} o which the batlery
baing used i the project would work, B is activated 25 soon as thare s supply al the

maing, I this section, 220330V AC s stepped down 1o 12 which & then rectified

via full wave reciifier and voltage is then reguisted to 8YDO




2.2 BATTERY

The hattery, this supplies the verter the most needed power, for usea by the

cad Thae battery used in s work s 3 8Y, 45AH lead goid accumuistor and s mads

i of bwo terminals, the positive and the negative leminals

123 INVERTER

This is the heart of the whole design and # 18 the main delgmiinant of the
nagniude and freguency of the cutput vollags

i case of powes fallwre, the charged baltery suppied sufficeat power o e wmverler

o maintain s oudpul for a specified dme, until the bDallery has discharged 1o

oradetermined minrmum vollage,

1.3 TRANSFORMER
Two ansformers were used for the whole inverler system, ong i the

charging unit and the other at the inverter output.

1.3.F  STER-UP TRANSBFORMER
The step up transformer, step up 8Y DG from the baltery at the primary side
o 230v AD at the sscondary. The transformer s a centre tapped one, with feed

1.3.2 CHARGER THANSFORNMER
This is a small transformer of 280012V for charging the ballery used in the
Fowever, since 18VD0 s used for the purpose of this work, a 12y

fomisr B appropriale,




1.4 CHANGE OVER SWIHITH
These are the awiiches used 1o connest and disconnect the bhaltery, It also

connects the lond o tha nverter

1.5 QUTPUT URIT
This unit iz where oad are connectad o the inverter systern. Tharelorg, the
fow power inverter systermn can be used i places where adequale and constand

novesy supply is sssential for Hghland

1.6  SUMMARY

Chapter one s the general introduction o what the powsr inverter is alt zbout.
The ‘frf'a’iz.ge review andd other related work aboul inverier is found in chapler two,
The heoad discussion on varous sections or unit of werer s in chapler thise. The
b

meiruction and testing part s found in chapler four, whie the res utt il

discussad in chapter five, conclusion recommendations and references i chaplsy

14
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CHAPTER TWO

2.4 LITERATURE REVIEW

The mie of moderm electric power supply sannot be over-emphasized since
there 1n nead for g reliable power supply meeearch has been going on 0 devics
means whareby there will be no iderruption i the power o our electionio
aouipmenis,

wapay

rhe fundamental of electiical power angineering was iaid as far back as the

middle of the 19% century, when 1831 the English scientist Michae! faraday
dincovered the phenomenon of slechomagnetic induction. Futher studies of
interaction between electric current conduciors and electromagnetic fisld led o the
mvertion of an elschic generglor which converis the mechanical energy into
slectical energy.

However, the definftive advaniages of AC current over DO ourrent were
zatablished by the thres-phase AD systern bullt by MO DOLIBG-DOB ROVOLSBKY in
1888, The miating rragneis feld of the system allows the wide use of most simple,
nexpensive dependable and compact induative molors, Engineserad by MO Dolive
Dohrovolaky,

The first inverier ciroull was developed by an American company caliad the
HEART INTERFACE iy the year 1383

In 1984 there was an improversent i the inverlsr fechnoiogy as the
SACSEET was inlrodused 1o make the design smaller, and o swilch largey cuirrard.

Projact Report of inverer design for 2007 fultre energy challenge by student
,,

tommy Joy Mazumda, Duy biu, Manasi, Nanoy Saidhang, Beve pugh, and Bassem

vhrad

Kiwry From ooflege of enginesring and compudar so ience, university of o¢

Figrida, Orando was carmnd oul by thewr report dated 5% tune, 2001, for a design of




figh power density, 10kw inverter ciroud was presented for corversion of ensrgy
DU fuels cells to AD powsy o be used mainly for domestic uliliies. The
configuration was achisved using g high frequencoy DO push pudl convarter ot the
input mide followed by a foll bridge wwverter and a low powsy filter ab the oulput sude.

Due to the simplified power stage and the application of the [

se width modulation technicus, ouiput voltags total ha

sduced and a relatively smaller overall inverter size s achieved. Tha practical cicult

opergtion rom g 48V0D0 fuel cell input angd oulput a regulsted 120040, B0Hz
sinusoidal voitage having S-wirg configuration. A low power inverter hag been
redesigned ested and protolypes o deliver a 1.5kw load

There are glso projct work dong by some of the students of this departiment

on design and construchion of 300VA verter. (Adeove Enicla Jobn, 2000) He used

%8
R Ang

I

tiners in astable mode for signal generated and TTH dusl JE fip-flop for pulse
yidth modulation and frequency division. The defictency of the work s the uss of the
TLL JK Flip-flop, which consumes much power with less efficiency. Also {Abachi
Fugene 2004} use C4047IC is a stable mods o deliver curenis 1o the ransistor,

The b

waterfcharger s a systern that ensures continuous supply of slectical

pavs

sage, by conversion of DO which is drawn from secondary
There are different kinds of invarter. Beside the inpul volizge, cutpul voltage
and power rating. There are inveriers that oulput the power ab different wave forms

The three most common oulputs wave form for inverters are squarg wave, modified
sing wave (some tmes called quast sing wave) and sing wave gulpul. Sguae wave
g the simplest method that is widely used, in the cheap low powsr device, Many

years a0 this was the only wave form avalisble as cheap inverters. Bquarg wave

S




ormed inverters gensrally consists of an oscillation driven switching transistors, thai
sitch mooming power (o different sides of the center tappsd iransformer primary.
The sguarse wave mains voltags is culpulted from the tansformer secondary, The
converlsr ansiomer can be pretly simfiar fo normal 12y~ 120y or 18y - 280y
maing power iranstorrmer rated o swerder power aling. The square wave power &

the oulput can cause problems in equipment originally designed for the sine wave,

rost devices with the vanable speeds such a8 elechic drills, or cordiess gorew diive
can behave irationally when operating with modified sing or sguare waves invartars,

The modified “sine wave” forrn 8 becoming nowadays popular.  Inaxpensive
inverters is guile essy to make with modemn slectronics. This type of verlsr

generally uses a swilch mode power supply that generates 150 - 300V0RC that &

-

switchad o the outpul at right way using few high woilage power
transisiors/FETs controlled by oulput control timing slectronics, Maodified sing wave
iz made frony two squarg wave waves oul of phasse. The phase s adjusted with load

50 that KIS voltage wave form is comparable with electronics hul 8 may induce joud

mechanical buzzing. Rederenced www.epanoraima nal, ups page

~3




CHAPTER THREE

3.0 PROJECT DESIGHN DETAILS

DESIGN DETAILS

The inverter was designed o inverd direct currant o altermnating current. So
arefom the whole syatem comprises of batlery charging uril, the battery and the
ter wnit The diredt current i oblained from the hatisry which is then used by the
srier 1o convert do vollagss W© ac vollages. For Jmniinmz;z supply of the do
aoiages o the invertgr o baltery charge is needed (o constantly charge the ballery,

3

Howevar, this shows that the croult has two main ciroult units, the baltery
iy circudt and the inverting cirouit, The invedter oircult has two main units,
warnely, the verbng umt and power amplification unit. The inverling unit converts

the diect current 1o alternaling current, while the power ampification unit amplifiss

the slemgiing current (o the required powsr nesded af the output,

32 THE BATTERY CHARGING MODULE
Basically, these are iwo method of charging batteres which are
1. constant-current charging msthod

2. Constant-voltage charging method,

Oher meshods which are also uged but are modified forms of the above menlionad

2. irickle or slow rate charging

The ciroult below shows the hattery charging cirouit




Mt v Rt R rrnineg
B
AN
aa”

Fig. ¢ Cirenit Dlagram of the Charger




3.2.4 THE RECTIFICATION DIOGDES

fhe battery Ccan be recharge when 43 enenyy contant bas been used up. To

fe bt
charge the balttery used in this projest a charger s emploved o rechargs the batlory

system, The charging coowls started working when the there is AL mains supple

w‘fﬁ 2”3 "\'

AL voltage from the msins is siepped down by the slep down lransformer from

ZEOVAL to 1ZVIRNC. The AC voltage s then reclified to DO through full bricge

rectifier, The figure baelow shows full bridge rectifier circui

Vi

Fig 3: Bridge Reetifior Uireudd

The chroult avolds the use of centre-lappad fransformer though at the expense
of two addition diodes. During the positive halfciicle of the input AD signal Vs
fHodes D1 and D3 conduct while dicdes D2 and D4 are reversed biased. Henoe a
current | Hows i the direction AX and the oulpul vollage Y drop acioss the losd

»

resistor ML az shown in the figure above




e half oicle when point A s al lower potantial then pont B, diodes

and D4 nowe conduct while diosdes 11 and D3 are reverse biages. Henoe current

. flows in the direction BO thatl s current flows in the same direstion through the load

Phe figurs Delow shows the cutpud wave form,

3a: Yelinge %;zgmé ti the Diades

T output 3,0,

E SN
pavy

3344

4
N
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3.2.2 LMY

The LM31Y7 adiusiable i3 8 S-erminal positive vollage reguiator, capable of
supphying in oxcess 154 over g 1.2 o 27V oulputvollage, The LM3TT regulator i
sxceplionally sasy 10 use and requires only exemal rexistons o senve the oulpul
yodtage The Lm317 offers a full over load protection, curent i, Thermal overioad
protection and safe operating current (504} pratection

Normally, an LMITY requires no ocapacitor unless, the regulator 5 situales

P J..

more than six inchas from the input filler capacitor. The LM3TY can be used 35 3

precision current regulaton

i, 40 L0 317 Pio Dhograms

datoyr develops a pominal 125V

The application unifs for LM3TY, the reg

reference vollage, Vel baetwesn the oulput and adjustable torminal. The mlerence

1
—
s




& epead her ey gl e o ynee i bes {0 - 3 gaisys - ~ -y P R
viptages mpressad across the resstor Ry and since the volfage s consiant

sonstant | fows through the oul put resstors Ry, ghaen an cutpul vollages,

Fog = F

CEFLE RO R - fadiR,

e
{

AT

oy a
4

Fig, 5: Bhowing LM317 Voltage Application {nits

The LMY s configured as a constant curent, constant vollags epiator 1o

charge the two 8Y, 4.5AH lead acid balleries that provide power 16 the inverter

.

Al the beginning of the charging cycle when the battery voltage is less. The base of

the 2801815 Transistor O & off This allows the adjusiable vollage regulaby ©

operate az a constant cuprent source. The regulalor therefore forces g conslant

1.725% aoross B

P

.

3




io

charging, thesr yollages Rise and is
The 20Eohm ey rasisior
; sontoling the ad] pin of the L

s the bhaftery and the constant
frwnedmately the charger 5 n the

recpidaied vollage aoross the baltery and |

charged battery. As the ce

current falls 1o 8 vy low valus,

n i produce a charging currant at 18540 As the

LZenseu

consiant voitage maode, th

el approsch fulby
;‘ rd

A

hattario
af the oulpul of the 6V zensy

rav needad o tum on O, G4

and V2, plus
M31Y which than siars o regulates the voltage
voitage podion of the charging ovcle starts,

e charger mauiaing &
charging current i dependent on the

charged condifion, the charging

\s1it

Y5

Fig. 6; Bhowing LM 317

with Logd




The LM & configured o genarale 3 constant vollage of Sy minirman; and (Ve — 1.25)
Y {masdmum} aoress the two lead Acid balteries

Thae out put voltage is determined fram the sxprassion

Ve 0.8V = Va RbARarEDL . . 1

But Va={Voalt W2

=it Gy 2

GERARD BRE=VARA 3

Substituling equation 2 i o equation 3

DORAHIGRE= (VMhatt 81 Ry 4

G{RARDE) =Vbatt X KB-ERE.. .. .5

s

Vhatt X RE=0.0{RA-RE) ~GRE

A
2
Yhatt={( GHB+
R

Yiati=l B{RARE) +6.6

Thuz the baltery voltags is programmable for any chosen value of Ra and Rb,

Tha in 4001 diodes is used o prevent the baltary cument from flowing through the

LAY regulator from the outpat 1o the inpul when the DO inpul woltage from he
batlery s removerd,

The 25 230nF by pass capacinr i used 1o stabilized the aperation of the sharging

sysier,

3.2.3 THE ZENER DIODE
in normal power supply oircull, the input vollage 1o the rectifier may vary,
probabdy due to fluctuation i the AT mains. This may resull in varalion of oulput

skynial.




The zensy diode as a voltage regulalor, s funciion in the charging crouil s
W oprovide & steady value of the outpul vollage despite possible vanation in hput
yoltage of load. Zorer dinde operaias in the reverse bias region and should therefore
be 5o connesisd in the oroul i the reverse vollage g increased fromn O woll, ondy the
revesras saturation current flows, Al the breakdown voltage Yz, however, the negative
current stars {o increase appreciably, Any vollage higher than V2 appled to the
dinde does not noresse the oulpul voilage despite the rapid incraass in the reverse
ourrent.

Tha figure below shows Fener diode V-1 curve angd droult symbaol,

\}’ 0008

o

=) {;‘mu Symibol

Fig 7 {ay V-l curve

S

a3




THE INVERTER MODULE
Thore are differsnt ways of achieving iversion form DO 1o AL bass on the
ts are fansistors; fegrated droult

companants used. Example of such componenis

wers in used since the alm iz to achisve a

iowe powesr oufput for lightening,

The inverter Unit s divided into the following subunits.

PR ot yre g g g
{1y Tranusior swil

{2y Powsr ransformss

3.3.% TRANSISTOR SWITCHING UNIT

Thiz s made up two npn ansistors L sad as switches by the design tha

chigve switching between verler and anargsy by the use of @ ralay &

elirpinated.

ransistor has 1o be operated in 18 saturation and out off regions for it to sarve

Collector

Fig. f: & Typieal BT Switch




3.3.2 CPERATION OF BJT
in order to gat the ansistor ready for operalion, the two PN junchons must
b approptalely bissed. The rule of biasing the Bipolar juncion Transistor (BT is

Forward Digs the Emiiter-Base Junghion

Heverse bigs the collector-base Junchion
The Bigsing rule is lustrated in the figure below for NP siator

Emitier Hase Collector

Hloctron How

Fig. 9 Biasing and Operation of NPN Transistors

19 -




Linder this buasing condidion, g large number of slectrons (majority camsrs) in

(,4-.5

the emilter region are injected into the lightly doped and relatively thin base-ragion o
becoms minonty charge carriera, Some of these slechrons reocombine with holes iIn
thix basze region. The raplenishment of these holes forms the base currents b, in the

exigmal cuoull However most of the glecirons (njected) are drifled © the collector

o

region by positive potential of balteres Vi o o the acollecior curment o The

njected electrons from the erpdter form the amidter current,

333 CURRENT RELATIONGHIP N 847

The kirchoff's current law for node in figuire ahove

o =GAE - ratio of coliector curtent 1o the emitier current

For this transistor to serve gz a switch, B must be in saturation and cut off region,

the figure beiow shows typical output characteristic Gurves of BT




Eﬁi.]ﬁ

18,

L 4

YOE (Volts)
Fig. 13 Typleal Gutput Characteristic Corves of BT

1. Baturation region — Where | rapidly with increase in Vos

2 Caftt off region — where 118 zero in this region only a small leakage curent,
ioho fiows, iobo & he revarse salurstion current flowing bebween this collecior
arud the emitter whern the base current i zarn

The eollecior current at saturalion point s given by

=i
i must be greater equal in 50 . for the ransiston to be in saturgtion

o 53 den
ow g foeeo
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3.3.4 RESOMANCE FREQUENCY CHOKE

Thig RF choke iz an mduclor to prese! the ciroull freguencies above the speait

frecpuency withou! affecting the fiow of 8V DO The RF choke used in this projedt
wiork 15 10 adist the requency of the oircuil, whereas the DO ¢ the inverter oivoull
unaffectsd.

The freguency of the nverter is 2BKHZ since it is a low power supply

‘;
- s
i .__'*Mih ),’, ~§




338 POWER TRANSFORMER

A wansformer i an electdesl AC osomponent which consisiz of two of mors

colis that are inked together by mutual inductance. i is used o fransfer slschical
power from ong coff 1o ancther. It can alse be used o changs vollage, current or
snpedance from one value i another

A sten up fransformer with a cenlre tap was used ai the nverter oulput section. The
cireutt syrmbol of 3 glep bansformer s shown In the figure below, The bansformer

also has a feed back secton which comparas the output freguency with the input.

AIC
ouiput

Fig 11 Showing center-Tapped transformer

The transiormer voltages and windings s relaled by the aguation,

VN T NENT

Y4 and VE are the vollages in Primary and Secondary wandings N1 and M2 is the
number of fenms in the primary and seoondary winding,

Triz output voltage of the inverler is to be 240V, and the wnipul voltage i 6V

The cutput powsr of gach seclion is GOW




G s ” 5 v
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Murnber i in primary is 883

Zeturng i othe feed back

Total number of lurps = 183212

~ The number of turn i secondary winding s 520 Turnx 50 this number of lums was
uzed for the destre power cutp! in sach see him of inverter Negleding power losses

Input power = GLDUTE powear

¥ois the ransformation ralio
Cugput of tverter =BOW
Output voltage =240V

7B A0 20




338 ESTATUS INDICATOR
This s made up of the three highl emilling diodes, the two geen LED is
w3 o esch 80w sechion of the lnverter circuils to ndicated the mode in which

iwvertsr is, the red LED indicates the batlery charging mode,

3.3.7 BATTERY
This serve ag the source of DU input o the inverter, The guantily of elacirolyie
which the batlery can give in a single discharge is ds capacity. This means d s the

oroduct of the discharge curent and discharge tme. I s express in ampare ~hour

~
-

pod
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e
;
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b

H s the amount of powsr the batltery can discharge over a penod of dme,
The battery bank should have balleries connected 1o each other in paraliel
This hefps in noreasing the Ampers-hour rating. When this parsiiel connection is
made, the vollage of all the batlerizs in the bank s the same, but the AH ratiings
becvomes the sum of the Ab rating of all the batleniss i the bank.
To caloulate power requirement of a device say BOWATT

Pl s T
¢

Azzuming efficiency of 75%

D0 Amps =power/Batlery vollage=508=8. 3354
Actual DO Armps X efficiency faciyr
Efficiency factor 100/75=1.23

,

= §.3% X 1.33

Take the device 13 io be used for 2 nours Amperg hawr consumed
=28 A
272 AM

This battery of 80AH & suitable for the nverlern

-
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Fig, 12: Cireult Biagrams of Complets Inverter with Charger




CHAPTER FOUR

4.4 CONSTRUCTION TESTING AND RESULTS
4,44 CONSTRUCTION

The circut was first design and simulzted using mullism The  drouit

cormponent was then connected on the bread board temporarily ag per cirould design
specification, The batlery charger olroull was first implemented on the bread board
and fesied, Also the nverisr syslem was also budll on the breadboard and the oulpud
voltage measwed, and  was found 1o be in acoordance with the specification.

The whole systern was then iransferred o the Vero board, carefudly, with
congtruciion of the dicdes and transistors et followsad by other unils,

However vanous problem was encouniered during the consbruction of the syslem on
a Vero board, Among which include unprofessional handling of the componentis. NMon

s TSRO S 55 aen
avadabilily of some used componenis in Minna,

4.4.2  SOLDERING PROCESS
The component that i 10 be soldered, a 80 wall aoldering ron supplisd the
recuired heal needed with lsad {o hold the components permanently on the Vem

o, The systerm was then ready for packassng.

443 PACKAGING

The complate m%in, cresed ciroult on the Ve board was then housed in a

444 PRECALITION
The an designed construction would have been a failure ¥ cerain

pracaution ware ot ake

>
v




e of thess pracautions include.

1, Ower haating of the component was pul wilo conswderation dunng soldaring

Al components were properly soldered inlo telr approprisie plage on the

B

Sern bogrd,
3. The values of the components though not exact, were snswed 1o be close 1o

the reciuired values,

L




4.2.4 TESTING

Each ursl of the design was simulated first using multisim software on 2
computen, Thern § was aiso tested on a breadboard, before i was ransferred o the

Werg board.
The output voltage of both wwverter and charger uml was messured using digital

rrtltimnetiny,

4.3.4 REBULTS
The consinicted low power inverter was used with fluorescent fubes and

thel power consumption s shown i1 the able below.

APPLIANCES S POWER CONSUMPTION

~“\ ke 57 zfvi, v ’.v.__. -
Pk Fhaorascent Tube {0 xx); 20 Wall egoh

Table 1 Power Consumplion of some glomironic and £leatrical Apphances

432 DIBCUSSION OF REGULY
From the resull obiain, on festing the low power bwerlgr systern, it was
¢ that the resuils oblaingd was salisfactony.

hir system was able to supply the tubes without the aid of any auls vollage

fad
Fowed
4




CHAPTER FIVE

50  CONCLUSION AND RECOMMENDATION

8.1 CONCLUSION

Conclusively i is obvious that thers is a realistic solution o power Suiages i3

pigeris, The cost of an nveder system that higs the same power Gliput with some
generatr is far fower than the oost of the generator, which inphias i s a device thal

commons could afford,

The art and techrology 5 not too complex and above all it is In existence. in adcition,
more knewledge and undersianding of ransformer winding, rans istor gz a switch
and amplifier was acquired.

The inverter device 15 also very cheap to maintam compare to the generaling
cols that needs to be fuslied to maintain constant operation. The nverer does nost
meoduce any nofse lke other generaling syslem of its capacily which produces
unhaarabie noise when in use,

Finally, this project has been very interesting an W worth going through by
every maduating student in order to expose them to the practical of wh al s being
warrt in class, This will alse oreate confidence in students after graduation, when
they go ot o the practical fields of Electricabengineering due fo the practical

experence gained in the design and g construciion of thelr project,

5.2  RECOMMENDATION

Since the fleld of alectrorics remaing aver dynamic, it is always very nessible

with ne Tmilstions, fo modify the designs for better performance. n view of thiz i

recommended that any student who wish to ermbark on this type of projects shouid

UBE.




1 largs currents

o

. Power mosfed for swalohs

. AR S can be ncorporsiad in to e cireuit such as SN74GIC, T4MIC 1o

DO signal, tor ransistors W ampl ified and then swilch

bty e 1e% b g
osodigie g Nooming

iy 1w output bansformer of the roguired powsy

. The device should be ncorporated with a them ior o sense heating within

e cirouliry.

Tha device s recommended fof use as an alterrative jow power supply in

NS

homaes and offices, for lightning,
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