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ABSTRACY

The multi-socket apphiance for over voltage and current protection waz designed and constructed

to provide a sultable protection syvstem 1o an electrical appliance, which could draw power sately

from either wmains or generator without davsage. The circslt was tesied and found working

porfectly as designed.
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CHAPTER ONE

1.1 GENERAL INTRODUCTION

The tdes of this project emanated from the ncessant damage of an electrical appliance

due 10 an sbnommal volu

oo current supplied by the power holding company of Nigeria
{PHENG The rocent one was my laptop charger which gt burnt by a generator. Based on

this experience, | decided 1o come up with a protective device that wounld be effective and

atfordable to the end user as o young enfrepraneur,

dectrical-power techaniogy through oot the world is steady and in recent

vesrs, rapid progress is made. This has made 1 po & to design and construct econtmic

and refiabde protective device capable of satistying the continuity growih in the demand for

electrical energy within the househnid.

Power system protection and control play a significant pant of these effects, progress in

design and development in these flelds necessarily had 1o keep pace with advances in the

s of primary plant, such a genermiors, ransformers, switch gears, over bead lngs ¢

ppderground cables. Indeed progress in the fields of protection and control s a vital pp

A

reguisite foe the efficient operation and contlnuing development supply a3 a system 35 a

RN




N actor wants to be temporarily removed from the svsiem due 1o incorrect protection

hehaviors as this may lead © an {unnecessaryy absence of income, penaly/ transmission and

distribution of electrical engrgy systom i a costly busineas. At different slages of energy

processing Lo generation iransmission, distribuilon and unitlization {(figure) protection

pevaonal and equiproent i of prime nportance

it should be noted however, that the torm protection does nog indicate o mmply that the
profection equipment can provent fults or failures of equipment. It can oot anticipate faults

either, The protective relavs acts only after an abnormal or ndolerable condition as occured

with sufficient indication to permit thelr operation, thus prosociion dogs not mean prevention
bt rather minimizing the duration of the irouble and limiting the domwage and indeed
jsnfating faulty section and squipment of & power systam,

e

Figure

4.

0 shows a decision flow chart that explaing operation of a general protection
proceeses that might be mplermented in a computer control system. Usually, the gystem i in

the normal state and the protective device s said 10 assume that the normal state prevails and

startup. As time i3 incremented, the protective device checks and observe sy variables,

epresented by ¥V & 1 in the flow chart, 1o determine i any variable excends the threshoid
valoe i not, time of 10 seconds is incremented 10 observe the next measured value, 1 the
threshold V., exceeded, the tims thresholif is checked and tripping action is withheld until the

time threshold expires. When both the voltage and the current dweshold are excesded. the

circuit is tripped.

NG
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Fig 1.0 Flow Chart of Protective Device Functional Diagram




Yia i3 the input voliage
Yoo 15 the preset voltage
L 13 the nput curven

Lies 15 the prosel current

This type of logie is designed to provide tripping for shorl, temporary disturbances
that might be observed, Such disherbances are often a part of the normal opersting condition
of the network, and tripping should not be initisted for such events.  In some protective
svateras, automatic restoration i3 begun following a present time delay, this concept hus

LR

proved valnable sincs most power systern disturbances are lemporary.

{deally the supply of eleciricity is constant without any nerruptions g this has

(83

difficull to achiove dus to the following sinmions which arise during power generaiion,

sransmussion and distribution.
1.51 INTERRBUPTION OF POWER

bterruption of power maybe due to the tansient fault on any part of the power

system, because, whenever o circuit goes from one formt 1o steady-siate condition o another

siwady-state condition, it passes through s transient state which is of shot duration {11




This vould sise be caused by lightening strikes, breakdows iy an insulation system.

overfoading on the equitsnents ete. And as a resuil o can causs shorb-chrouit on the

vice i3 energized therehy cutling off

When this situation occur, the
supply of power 1o the affected arge and may immedistely restors power once the object is

removed and faul rectified. Thix dituation b undesirable because i can damagy sguipment

yeh as Alr conditioning, Refrigersior and Blectronies gadgets. The effect of interruption,

fuctagtion or overvollage and over current could be a deserter on any apphances,

112 IOWERVOLTAGE AND OVER CURRENT

The overvoltage and over currerd condition occur when the voliage or current exgeed

v

normal steady state Hmits, Thus, an aboormal vollage or cuwvrent occur when there s an

sulation breakdown in any part of the system that supply the power [1]

The effect of over voltage 15 havardous to e and equipment. Overvoliage will cause

over excitation {Increase in torque) in eleciric motor which may result in possible damage o

all the coupling o the applisnce.

Other loads as water-heater, electric cooker and toaster, Over voltage will cause beating
slemments 0 burn out quickly and the expected durability of slectronic components will
decrease. Seme components will get destroved nmmaediately onee volisge sbove the rated

Sumination loads (bulbs, incandescent lamps and

ot
e

b

vatue is apphed eg. Blaments

funrescentsy get damage quickly when thers is over voltage., These situabions are nol



irably m power system booause electrical devices are designed (o operate at a specific

v

with some tolerance outside of which elecirieal performance is degraded and

o3
< 5

breakdoon may neour (2,31

40 AIMS AND OBIECTIVES

In electronica quality service requires mainienance 2l power voitage withoul interruption

flucnarion. Although, distribution lines are designed 1o mamtain the voltags of custonmers

premises within geceptable Himis,

The protection of devics is to accomplish by a chroull whose conlenis are g gmer, &

relay, a transformer. current sensg resisior and an operational amplifier,

The main objectives of the circuit are

2

Provides a constant voltage sourcs for appliance.
$ Ameliorate the incessant and excessive damage in ap electronics cireuis,

® Aderting the user of the abnormal voliage and current conditions.

®

Provides fast protection against high voliage and thar could cause damage o
sensitive components.

® T achieve a low cost of protective devieg



1.3 METHODOLOGY

The construction of over-voltage and over-current priective circuit for elecirionl
appliances require an over-voltage and over-current comparator 1O LM3SE, vansisiors,

resisiors of varioas values, variable rosisior, current sense resistor and relays,

14 SCOPE OF PROJECT

The conceps and motivation of this project §s o design and construst a multl socke
chrouit with over voltage amd currerd profection fo our electionic eguipraent because of the

voftage fucisation usually outside the o siive 1S 10 reveal that

ndard range. This g

the maltt socket circuit is economically and affordable.

1.5 SIGNIFICANCE

The main importance of the project i

¥

® Yo provide 5 constant voltage source for appliance

® T

k™4

avoid surgs due to fast change in voltage

s Control the maxinmum amount of Jowing into apphiance

s Protect applignees from excess current

,.
<
.
o)

srovide 2ominimum tme delay for eurrent fow io our apphance fo av

CUITEN SUrge.

~ad



1.4 JUSTIFICATION

with over cosrend and over voliage profection,

Singe the muli sow

the terminal voltage without the use of external agent. L is 2 shovt cut power supply
eleetronic dovice and protects them against damays. It is wsed for sensitive industrisl and

iverator, TV set, radios ofc,

domestic equipment e.g. coanputer, refy

1.7 SOURCE OF INFORMATION

The msmerial vsed on this project was sourced from toxtbooks, indernet final yesr

profects and lzoture notes. Furthermore, T however consalted my losturers’ o ight from the

design W consiruntion,

8




CHAPTER TWO
LITERATURE REVIEW/ THEORETICAL BACKGROUND

2.1 INTRODUCTION

After the nvention of electricity, over voltage and over current were the fiest sets of
poblems encoantered in its otitization, For clectronics component to perform effectively,

fswever neod constant power supply
2.2 HISTORICAL BAUKGROURD

Flectrical power anomalies or disturbances can disrupt the normal opesation of
coniprnent, accelerate ageing. or even courss outright failures thus resulting nvrease i} Coast of

maintenance and reduced svsion reliability as suated by Lig, 5 et sl (4] Obero, Charles AL

. in his paper presented an telecommumication energy confirence, 996 INTELEC 796 pa
international designed a multi- ostpot power convensrs corbat low voltage supplies 10
microclectronios. This paper presented two technigues (one w postregalate the son -
reguated out put in multi-output converters and the other 1o achiove an easy and cheap over
or under voltage protection} taking advantage of reciifier MOSFETS used for synchronous

eciitication.




3
Lot

LITERATURE REVIEW

2

A voltage sensitive device calied over voliage —under vollage sensor was invested by
Steven et al{f]. The dovice controls the energization of g relay or other load w0 as to switth #

Between energized and de-energived state as the sadd sensed voliage o rder

vodtage Hmi and asother  high or over voltage Hmit Detection of bigh and low Bt 45
achieved by voliage detecting cirvuits, performs the actus] switthing of the load between s
energized and de-energived staies. The two detecting circuits and the comparstor are omch

comprised principsily of g programmable inpnctions transistor or other three-termmal semi-

conductor device of generally similar chargoteristics.

Also, another fnvestor Monera AL 5. {71 intreduced an under voltage profeciion

cireuit. The device is prodded for sending a reset signal to an clegtronies device during under

voltage periods in which the device during under vollage periods in which the device power

ired amount, The provection circudt inchudes a sensing vircut and

iatehing network adapted o quickly discharge a storage capacitor when the sensing circait
serses the under voltages, A baffer network is included 1o send a reset signsl w the eleoiric
device when never the atovage capacitne discharges 10 a low latched level The reset signul

exist substantially throughout the under voltage time coases. During the received of rese

stgnal, the electronic device will be inhibited from damage ovloss of daig

Some power utility companies in the united Stae of American (LISA) are not felh out

solution to power fluctuation problems, Such conpany s Texas  instruments [B]

under voltage protection equipmemts brand naveed oz TPS2A000

MOSFET to tsolate sensitive

TER2400 controfler is used wih an eierngd




clectronics from destractive voltages spikies a sx, 1 da specifically designed o prevent

large voltage transients assooiated with automotive envirosunests (oads dump) from
damaging sensitive cirouiiry, when potentially damaging voltage levels are detecied by the

i

5 disvonnecied from the load before damage van occur.

Interng! cirouitry of TPSZAM0 includes a frimmed band-gap reference, oscillatorn

rener diode. charge pump. comparator and control logic. The TPSZ400 is designed for ase

with an external M-channel MOSFET which are readily available in 2 wide vanewy of

-
T
&
o

Ry

zes, The disadvaniage of this dovice is that i is costly

Another company named MAMIM [9] also lovented an over voltage and under

age, proteciion switch controller brand named MAXG399, The MAX63W is g sroall over

voltage and under voltage, protection cirouil. The devics can monior a DODU ot aned
guickly disconnect the powsr soarce from DU-DOC inpot load when an over vistiage conditio

aecur. This has controller srchitecture which provides the ability 0 size the external M-

channel MOSFET to meet specific load urvent yequirgment,

When the DO-DC monitor eutput voltage is below the users —adjustroent over voit

threshold, the GATE output of the MAKE39% goes high to enhanve the N-channel MOSFET.

he GATE

When moniiored oniput voltage rises shove the adjustable over voliage t threshindd, i
cutput vapidly pulls low 1o shut off the MOSFET. The MOSEET rernaing lafchod off untld

either the MAXNEI0O fnput power or SHDN-bar inpuis §s eycled.

Another approach is the ese of cirouit bresker s. A& circull breaker is an electrical

device that cuis off the slectric cireuits through a clrouit under abnonm al comditions,




Hestkinson (. L. {191 The most famitiar household clrouits” breakers protect Cirouits agaimst

over foading or over heating o prevent fire,

Ciregly breakers alse provide protection against short cireuits, Cermmon household

cirouit breaker s made up of coil of chreuit called a solenoid and an iron plunger insent

partialiy inside the solenold. When cireuit flow theough the solenotd, B produces a magnetic
fleid just as lnw magpet would, The strength of solenoids magnetic fleld depends on the

amount of clroults flowing through i When the amount that the cirvuit is designed 1o hold

the magnetic field in the solenold is so strong that it pulls the ron plunger completely into
the sofenold, bresking comact with the cirouit at the end of the planger and circuit breakers i3

i

that they do not offer effective fast switching protection of electronic appliances as they on

offer protection in the event of short cirenit and vot over/under volisge condition {8, 111

The under voltage and over voltage profection circuld presented i this project is o low

cost oand reliable circuit for protecting  domestic appliances relvigerators, compuiers,

iomgiers

tejevisions ste. from the posed by voliage or over voltage fuctusiions, I uses pota

1o st the reference voltages for overfunder voltage condition. switches the transistors on /off

H

dres the electmchemival relay in accordance with the

o
ot
pas
o
=
)
.y
<
[
[N
o
,w
s
Isf\

conditinng,

Mormaliv, the value of varisbie resistance i3 preset fow the under voltage or over

voltage switching ON and switching OFF actions of the transistors {with the use of

o <

sutotransformert bt by varying the value of the resistanee. The voltage supply the

P

fransistor changes and the circelt interprets this as drop or rise in supply vollage s
(ransistorsy vheostat resistanee s reduce to stimidate the under voltags condition and the

12
¥




<

valur of under voliage rheostat has been restored {fo s original approximate valuz) ©

stismuiate the voltage conditions.

Whenever the circuits is switch-on and the elecirical apphignees s connecied fo i, i3
supply and mabmaing 3 steady DO o the electrical appliances during normal conditions and

bed

cut off power supply  during abnormal conditions i senses an out put voliy

the voltage input of supply, generates 2 reference vollage, compare the pal vo

B

referonce voltage detects whether there is an over/under-voltage condition that is when the

reterence vollage exceeds or is less than the input vo

from the appliaznce when the overunder-voltage condition is detected,

The circait is mt expensive and not bulky, 05 easy o construct, has bigh swiching

€
S

Spes

FEEN
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CHAPTER THREE

DESIGN AND CONSTRUCTION

3.1 DESIGN AND ANALYSIES OF THE PROJECY

This chapter deals with the design, methods and the analysis employe s iy the design

of an over carrent and over voliage protective chrowit.

32 BLOCK HAGRAM

SULATED | DVER VOLTAGE |
9’;}“‘»{58 TOOMPARATOR

GURRENT
AMPLIFIER AND
DOMPARATOR

SWITCHING :
CIRCUAT AND = - e BAULTIY “mmm«

LQAD

Fig 1.0 Block diagram of a multi-socket for over - visliage and current profection.

14




I BMPLEMENTATION

pecy
Es

e and over-current detector was re-solved around

¢ fotlowing sub-

& SEAMS

& sysiom power supply

® current sensor and amplifier

® over-voltage sensoy and comparaior
% 355 timeout monostable

* Relay switch and s loads

@ O/ controt of the circuit

3.3.4 SYNTEM POWER SUPTLY

A halfavave rectified DO sepply was implemented in the systenys design. The powar
aspply tvpe was utilized due w the reguirament of a continunus groond relurn between g

AU powered Inad and the detector systerm, The powsr supp sly iy as shown in fig, 3.1

i
AR
B
L 41
g
:
ES 3

[PESSTURTINSRRTVRRIRRY. 3 =

Fig. 3.1 System Power Supply




A dow-voltage 74V AC was devived from 220V/24Y step down transtormer, The AC

“

voltage was converted 1o a SO0H2 pulsatimg DC voliage by g vectitier designed around D103

Paraliel comnected diodes were used 1o reduce the resistance of the diodes and thus,

provide higher current than would be possible if only one diode was used.

The D3O voliage was smoothened by a 353000t capacitinge.

The value of smoothening capasi wvatuated from the exprassion; (61

o2

Where! Vi Is the do volinge, Vo, 19 the root means sguare voltage, b maximuom foad

C

current, 1= ame, U capaci

-seronds PP S

....,
"'Xirﬂ’

where ) F o= power Treguency, 118 the time.

AY = peak-peak AU ripple voltage, 3.4




Where! AY = differeniial voltage.

AY was determined by the minimum input voltage o the 7306 rogulator. For a regulated 6-
volt output, the minimum input voltage is 8V,
o 16.8VDC input, the peak-pesk ripple voltage 13 {16.8-8) = 8.8V

The maximwm Leoad current was pogeed ot the maximum allowance by the

rarstormer, Lo .84,

Unleulating for Capaciton

The sate was increased 1o 2200pF © unprove the sysiem’s perfommanse of

%7

smoothening the de volmge. The smoothenzd DO voltage was regulated down to +6V by a

regnlatny (TRO6) d

Device as shown in fig 3.0, thus, a capacitor of 2200uf was cormesiod aurnss i for

stabibity,

3.3.2 CURRBRENT SENSOR AND AMPLIFICATION.

¢ and eonvert the oad

A resistive current-io-voltage converter wis

o

v doad as in fig 3.0

current t voltage. An 0,160 resistanve was inserted in series wit

17
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1o, 3
i
H
;
4
> Bhor
*,
v

ol

Fig. 3.2 Current — Yohsge Converter and Amplifier.

The current through the load resistance is converied to voltage. The AC voltage is

o~

amplified by a DU-coupled amplifier with 2 gain adiestable from 3.3 to 6. The amplified

ouipat s fed into a comparstor whers 818 compared sith the preser current level, the

comparator switches it output bigh, an rigger a Hieseeonds e sut monostable via an NPN




e comparator is diagrammed below?

Fig. 3.3 Operational Amplifier and Comparator

A comparator 15 a circult that compares the magnitades of the voltages at ds nput,
non-inverting and inverting, and swiiches its vuwipat high or fow to reflect the grester of the

W viiages.

ALLM3SR operational amplifier was nsed as the comparator. The pon~nverting i

was fed by the amplifier Al cutput, 1S inverting Inpul was gomverted fo g potential doader

fed by the +6Y svstem supply. The polentiometer is freely adiustsble, hence different currant

.
;

leved settings can be made (21




3 OVER-VOLTAGE BETECTOR

For over-voltage foverting, o second comparatr was utitized. The imverting jnput

the vomparator was converted o a fixed potentiometer. fs non-inveriing input was fad with a

IOV

siepped down AC voltage from the 240V mains os shown in fig, 3.4

O34 Over-Vollage Detector and Comparator

[

When the nstantaneons vollage on the nop-inverting nput exeesds the voltage level

on the inverting input, A3s output switches high moms griartiy,

wired to pin 2 of the monostable.

20




334 TIMEQGUT MONOSTABLE

To deect the load on detection of over current or overvollage, a voonostabie was
provided, The monostable provides about 18-ssconds disconnect for the loads. The
monostahle was triggered by the outputs of comparator A2 and AT via 2 conunon ety

fravisistor switch,

s

antes

34 ¥
R R
3
H
H
} s
S

”

fi 3.8 10-Seconds Monostable Timeout Gangrator

i

The 355 monostable produces an output that 13 at logic (high} for a period of tme

determined by the rate of the RO timing componsnis ob pins & amd 7. 1h

-,

o outpul can by
eturned to low by pulling pin 4, reset to ground, oF wal iing for the dovies 1o time nul Since

the outpis of the two coroparators are high when the over current and overvoltage consider




are detected and the 555 reguires 3 high 1o low transition on

iyt ary 3
P L, 8N an

inversion of ihe

SR
comparators’ cutput was required {31 A C9 14 transistor effected this.
A H-second tueout was designed for, the v

]
iw A

aiues of the PC components were chosen
as 42453 and 220ulb.

............................................................ I 2
Where: Ry is the timing resistor and Oy is the tming capacHor

T bl owd2x

335 RELAY SWITCH

Fig 3.6 Relay Switches and s Loads

)
Pod




PR, gn PPN T ST I S M
Whenever the monostabde swilches hig

rrent of the relay driver transisior
i abways shuntod o ground, foreing

the

The Loads’ siatus was user — controlled by a second 555 connected as 2

s & set-reser thp
i, Two

e PUTEONR 10 g

round were connseted 1o pins 2 and 4 pulted vp to

vt Yo The normally
d which is conpecied (o the applances s turned off

CHOSR

when the civeuit sense a fow or bigh
voltage. The circull was tosted and found worlang perfoctly as desi

Freey

i apecification.

Fig, 3.7 Oa/OH Control of the oiroult

At power-up, the twn 555 chip are held in the reset state, and the Dwo AL outputs are
disconnected from the mams,

The system can be stavied by pressing the "ON butten, Closing the “ON bu
ward-blasiog Q1 in fig. 1.4 and energize the relay

av. The
« ¥ A%

PwO OUiputs are comnecied
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to AU at this po

the foads.

i

Automatic overrides of the ON/OFEF control are done wia Q7 driven by the
monostable, Whenever OF is Bigh, Lo, whenever an over voliage and over current condition

i detected, 02 shuts the pulss driver of Q1 to ground. forcing the relays off.

b
H

Two relavs were piaced in the collector clrouit Q1 The two relays bave a oo

) s
ceaiatance of 42042 gach, ai & cotl voltage rating of &V,

Whers: O 15 the ransistor {1y and Q2 is the transistor {2},

reian =

Lrrgpltotaly = 2 X 14.3mA = I9ma

“@y

The 13C gain of 1 is about 200
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Where: L 15 the relay current, Iy 5 the base current, L i the coliecior current, iy is the gain
of wansisior (1), Ry is the base resisior, Yy is the base voltage, V. i the base-emitter

y
ViHIARL,

[

A 6.8k 0 value was used insiead 1o assure swhiching under all possible conditions,

Thus. sl valoes of diodes are in NG00 sach. except otherwise stated.




CHAPTER FOUR

TESTS, RESULTS AND DISCUSSION

4.3

TESTS

The system multi-socket app

carrent profecior was ek

by connecting the input © the main

suppiy and the ouipot was lested with mlttneters,

variae device and further tested by a pressing iron of 1000 wat hed

rating whic

perfectly, The instiinte of elecircal engitesring regulation for electrical cquipment

“

puilding stipulates that for safe wilization of clectrical energy. the fhucipation of normal

supply at anytime must not exceed & B, In Migeria, the normal domestic supply phase

voltage ie vange between 225.6 10 2344V, Fromw this regulation, voltage/cureant profector is

1 be applied in sensitive domestiv electronic components.

RESULT TABULATION
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PRIMARY VOLTAGRY) DSEOCONDA

RY VOLTAGE]
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4.3 DISCUSSION OF BESULT

431 LOW VOLTAGE CONDITION (1 1Y)

From the st i was observed that even at low voltage level the systeny worked bug,

st not be less than 1HD volts, 1o avoid the relay switch de-energized.

432 NORMAL VOLTAGE CONDITION (192400)

When the supply voltage from the mzing was at this mange (I90240V), 4 was
observed that the relay was operating normally, The normally open contacts of the relay

closed for the How of carrent in the civouit. The two picks op current and begin to function.

4.3.2 OVERVOLTAGE CONDITION (250 AND ABOVE)

.

The general purpose of the project s o aveid over voltage when the supply volt was

at 250 volls and above, the relay became de-ensrgirad as was observed. The normally open
cortact of the two relave remain open, the socket cutput switch off mtomatically and remam

v

i an off condition untt! the nommal voliage comes up, The users reset and switch ston,



CHAPTER FIVE

SUMMARY, COMCLUSION AND RECOMMENDATION

51 SUMMARY

Tl propect Wal desioned and cemstructed i sk o way et any input voliage that
[ & s J § #

aoe of 240V or fabis below | %) The device is sets to Aroconnect

encends the normal voltage
protect the circutt.

vz the purposz of domestic

3 work has shown that #gan sef

Ascessment of the

clectropic appliznoe thal 4ses power of et more than TH00Watts,

53 CONCLUSION

sl over cuprent protection was

Therefore, design and construction of

project show that the devics wil

successfolly carrded put The resull from the est

compate well with other protective deviess in “o chass, 10s capabie of moterting slectricnl
N N T s I R R A T Te -i‘% oy i' : "Cf“"{‘; R e IE T N
o ielovision sel, radio Seand other bousehold gadgets

and electronics appliances for grampte t

fromy damage dug 10 vollage B actugtion.
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23 RECOMMEMNDATHNY

e device is suitable for electrical and slectronic appliances with input rating

of not more than 240V, theretors, for wfficient operation; the appliance o be

wotgoted by this penrjzet should fall helow this range.

s This project can be jproved upo, 83 highor voltages ooy alse be regulsted R

industrial apphiances.
a warning if the opersting comdition falis

s Alarm unil can be incorporaied 0 soutd &

betow o rises above the desired ppevation yolnge rangs.
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