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CHAPTER ONE

INTRODUCTION

A awiteh can simply be defined as a device operated o tum eleciric current on op

o

off. Bwiiches are thersforn ery Hnportant devices in plecs vical and lochronics cirouis

s and are henee widely vasd componenis todey serving as controf devices i modern

v ovwwhich a civeuit

SIS andd Circutia, Switehes cart also be detined ag devices

.

parEneter or Signal such g5 eletricn) current cau be either Hinked to or oot off froum

v

ANOENeT

fpat of a cironit many #hy or mutoamnatic

the desion (hoth soretioal and practical) of a syaten or

T e TR T TTVIC S S ;
EE progect iy shmply

caticafly gl

device that wonld SPOTEE 835 a switch that can nun off Fating surrent

(ALY power supply to & U1 plaver after a #preeset time delay period defined s uring the

hn4

destgn stage. A key feature of this deviee i that 1 operation is o ¢ epesndent, that i,

the device s sstivared on nly when i35 powered on in the ¢ e ot ambient lght or in 2

environment making it a light de pendent automatic-off timer for 1§

plavers,

Fhe Hght dependent automatic 08 timer uses g sator (LI3RY as

s Haht sensor, It hag the foliowing key Conponents;

# ACSEE tmer itegrated cireuit (3 based Sclunin tigger with the Hght sencor
LY ar g g,

& AAGSYIC which is g 14 Sage binary vipple counter with g Built in oscitlator

> A normaity closed (M) relay 2 the o uiput interface of the devipe

The above mentioned cemponents give the devioe its peculiar f uncti, The presence o

the LB makes the devige fight sensitive and when the Fovy 8 saft

Fwitd have high npedance w vhich will fu tuim pass a big




the Schmin tigger. The Schmis frigger baing o fogic inverter wil] EPAass o iow sigaal 1o ihe

b
el

H

RESET pin of the « 60 I activary 88 the thmer subagirey of the device, A fror

Hme period is over, the device cyts 3 OfF AL CA Nermating Lurrent)y POWCE sumdy from e

OB Interfiacs vig the reday astion
1.3 OUBJECTIVES

This project volyves the de eaign and consr

Wi of'a pa chaged cirey Yitry tat il

eitminae the need 1o manually turg

WEE supoly tn eler

OIS appliances,
Hence the fmajer hjective O S project is i pr cetively desion and 5 abricate an

elevtronic device that will he capable of 5

from elocronic APPHINCLS Connected 0 HE QUi inferiag

fmvir-::a‘m‘;mf:ﬁ_}. This deviee th erefore makes it nassife

sloCtronie

APpHANCes such ag thy television set and oy players ag they awal sleep lefsurely o at

night,
Furthermowe this device finds use o oy in Bomes b HE & precamtionary sng

o

PrHective interface in i fusiries and 0ffices; servi

S & EWIeh 10t oy when night

falls, AC power PPy feom eloctronic upn

i

workers during i 1o day,
2 0M ETHODOLOGY
The fogicad HUCHTC of Steps folfowe i the desi st arwd CIEITOCtion of thig

deviee is nyg fined ag folfows:

£33 %’ffmareg}izsa}iz:izimz

This s the fipss stage ofand marked ¢ ¥ besinning

A2

Of the project vwork, Herg at thig

stage, the Concent o fdey tndoriving

s the whole PHOIEC Wwork wag deveioped, R rehes




particuiarty abmed st finding out componenis parts and individeal fanctional blocks that
would make up the entire device or system were alse carried out.

1.2.2 Presdpn

pstage, there would a detatled work on the ides thet has been chosen

in the first tage. An eletrical oirenit that would perform the desived function and
marpose of the profoct in nuind must be developed and drawn, Every discrete elecironic

connponent that would be used must be defived as well as thelr ciroult parameter values,

At the end of this stage a cirou#t diagram must exist showing all diserete components used

it the design and 2 logical assembly of functional blocks that would make seamiess

”.w

cpergiion of the device poss

$.2.3  Purchase of discrete electronic componenis

e i the methodology sequencs is as tmporiant as any other as the proper

functioning of finished product depends oy the sccurate purchase of the Components

detatbed inthe circuit dingram, Components 10 be purchased inciude resisiors, capaciions,

SR

s, step down travsformer, relay, transiston, 855 thime

Somz of the componenis would be muchased from elecironic shops white others

contdd be sourcsd from sorap electronis hoards,

1.2.4 Fabrication

The obiective of the stage 5 simply w develop a hardware dupl

vizhves

tectrical Cironst diagram, This i

board ensuris sistonyy with the drawn circelt

place on a Yer

cosniponents is done atier the clroult s tesied on a in

sutisfoiry.




125 Packaging

What is done i ihis stage of the mwibodology s to prepare a compatible casing

that will howse and protect the delicats soidered cfraant hardware, Care most be taken to

gpsure that the chotce of casing will aflow forthe display of visual electropic components

Hke the Hght emitting diode (LE

O wdicatovs. Henee special slots will be made tor LED
indicutors and the sensor on the oxermal surface of the casing.
1.3 LIMITATIONS AND COMETRAINTS

The nabibity of securing discrety electronic components with the exact parameter

vislues srrived al during the

3 catoniations proves 1o be g major challonge

i be faced daring the design and construction of i

valae of 215 kilo-ohyus smay not be found readify;

¥,
Y
St

but z good allernative is 1o choose the

<

efosest value avallable such as 220 kido-ohums i this case.

Alda the possibility of parameter values of disorste electronic vomponents taking

within their tolerance i other than the desired value indicaisd on the
component serves 85 a constraint also o the optimal performance expectod e 2
220kokm resistor vy read 21 Thobm or 223kohm as actual resistance valug when wired
i 3 U

1.4 RCOPE OF WORK

The scope of work for this project work ranges om the point or siage of

conceptualization to the final technical reportwriiting of the finished work or project. It

3

imvolves all the sieps outlined carfier in the methodology and spaws o the preparation of

the written thesis of the project work,




CHAPTER TWO

PITERATURE REVIEW

The tight dependent automatic-off Umer has Hs operation based on the availabilisy
of Direct Corrent {3 power sapply pest Ble any other electronic devics or appliance,

s operation has basic upderiving theories and principles, therefors in this chapter |

Adgo, i

undertake o inroduce and explain the fund

hehind the operation of the device being d

21 THEORETICAL BACKRGROUND

A good understanding of the butid op of all fupctional seb-onits, v ndividual

huilding blocks that compose the whole sysiem s necessary 1o grasping the theoretical

the device, Appendin A is a block disgram tustrat

wiples back the fogioal flimy

of signal within the atrucnure of the light dependent avtomate-off thwer. The diagram also

%,

5 the order of inferaction betweesn sach functional Block and sub-unit

1LY DO power supply sab-unit

i Nigeria

The Power Holding Compary of Nigeria (PHUM)Y s the nattonad bo

£

that is regponst gration, transmission and distribution of electrical power to

LORSUINENS &

v, Thore are basivathy bwo forms 1n which electrical power

van e generated, transmited and distributed: ;

~ -
g , POWET,

in Nigeria, electrival power is generated, transmitted and distributed in the A.C

perwer form. tectrical power as AL pow

sower roduction i DO powser [or the following reasons:

fn power generation i 55 possible o practive. o co high-apeed AL

generators of capacities up o 300MW, On the other hand DO generaiors cannol




be built of ratings higher than 3MW because of commutation vouble, Moreover,

singe they must operate at bvw speeds, # nocessitates large and hoavy machings,

v

e

AT geveraiors arg move seonomical in matier of cost per BWH of elecinie

energy produced as well as i aperation,

1. AL voltage can be efficiently used and comvenigntly rais

cuoneimio ansmission and distribution of eleciric po

power has 1o be genersted gt comparatively low voliages

power ratings.f H
Theretore, it follows that the form of elsetric power avasiable o0 consumers is AC,
poseer, This makes i necessary [or the electronios enginesr 1o provide an slectroniy

fie input AL power o DO power zh ts regquired for the

The praocess of electric powsy conversion from AL o DO power v voltage i3

b

called rectification. The reotifior is an elvetronic cirouit that can convert AL voltage o

30 vodtage 121 The D000 supply wiit §s therefore an eloctronio sub-unit that has the

capabitity to step down (ransform the voltage to s sate o

oy AL volisge and fillering out pulsations i
o transformer, bridge rectfier and smoothing capacitor serving as filter are required

for this function.

The ransfonmer is a device that operates on the principle of electromagnetic

iduction 1o step down or step up vollage tevel by a Dued valin 31 It consists of g

magnstic core with a spectile muanber of both primary and secondary soll windi

anst No respectivelyy Trapsformers couple source v at s primary coll windings o

she secondary by means of the magnetic flold acting on both colls; hence

&



openias by converting electrical energy 1o magnetic fornand then back 1o electric

formidl

The ratio of voltage transtormation of 3 transformr 15 given by NNy and the
expraasion that gives the ransformed output Vs from an i

Yoo ¥y Wy Ny Therefore, tor 2 step down transformer the sumbaer of primary coil
windings must be greater than that of the secondary {41 The wansformer simply operases

e pepinit the scabing of the AU volige level to the desired ovel, I connedcis the AL,

r..}..

sesree B the reotifier

The rectifier s a Clroult composing of dindes configured 1o convert AC, volage

ry ot oyt eney 5 P NPT SUUUE LA 3 SOOI St & P
oo pubsating P00 voliage, coes are the foll wave roctifie i

3
3%

wive rectifier. Butl fiy basic slestronics spplication, the fndhwave rectifier Is used in

preforence. A full wave rectifier offers substantis improvement in efficiency over the

it wave vectifier as the latter wtilizes only half the energy available in the input A

waveinnm {51 The bridge rectifier s an example of g commonty used full wave rectifier,

fonsr dhiodes wired in the above oo

sration. & i

it consists of

electronic device that only allow for the Hoe of current in one dircction

biased

p
o

S By
LS

~y
et
[

bigher than that of the cathode; wik

Py

property of the diode. During the positive half-oycle ol aninput AC voltage, two

divgdes will conduoiw s L irC i

reverse Based, Simtlarhy, diyg

severse of the former ocvurs leaving the fivst two diodes open while the other two condud

61 With this process, the reetilfcation process soours during both the p

negative half cvales of the AC wavelorm,

~d




Fiitering the rectified output of the rectifier becomes necessary dus 1o voples-thay

he Hurtuation shou the mean voll

y solve this problem, the advastage of the

snergy-storage properiies of the capacitor is employed. The capacitor serves as a low pass

o~

filter that preserves the DO component of the rectified voba ¢ il tering o

copnponents at requencies at oy above twice the AC signal frequency 161

e peciifier Civoutis in

oy
iy
(3
5
——
o)
(43
N~
g
-~
{

e
~

power supply is a circuit that practica

d

the conversion of AL power o DO power. B oonsists of 5 step down wansformer,

foitowed by a bridge vectifier and g Blter capaciior tolle sy ovoltage regulator, Fig

2.1 s a owoutt dingram of a sunple D3 power suppiy.

g 2.1 ciroui

crav of 8 shaple D

2.1.2 Pre-timer stage
This stage of the syster is reaponsible for geperating the signal (electrical pulse)

Fagpe
i

ied.

required 10 trigger the thmer stage or sub-civcidt when necessary conditions are setisd

This stage uses a Schmill vigger confipmation using a 553 timer KD with the light sensor

(LDR) ard

The LI or Light sensor is connected 1o the Schmitt wrigger’s input by a voliage

divider circuit involving both the senscr and gnother resistance vahue, The voliage <

P24
o

is g electnnie cirouit that provides different voltage levels for d
cirouit from a common voltage supply. The figure below is a simple voltage divider

chrruit




2 the voltage across the R resistor and Vs the voliage across the seeond resistor

(VRN

B2, This voltage divider cirents divides the supply voltage, Vs into voltage levels: Vs and

¥ by the two resistors present. The ratio of diviston of the supply voltage depends on the
value of resistors used in the divider clrenis. The value of Vo is given by the following

Vs and simtlarly, we haver VI RI/JRIFRDY x Ve it

s

X X 7

=¥l VI

The Schmitt trigger i3 not claseified as 2 Flip Flop bt 8 does exhibit a type

memory characteristios that makes it useful i covtain special applications. One of such
applications 18 1is use g5 arn invering buffer {71 The Schmitt trigger can be configured to

function g5 a stansdard foverter by using g 355 thner 10 with its pins wired as shown by
fond »

the cirouit dlagram shown below (Fig2 35

Ot

Cisroungd

mer 1 ¢ Schrmi i

9



The input pins (pins 2 and 63 are connected 6 2 common or

Pini is grounded {conneoted 1o the zora volts {0V supply

re crmneciod togother o the positive voliage supply o

Fovin of the timer 1,

ssponding 1o the mput is taken from pind the o

fn this configuration, the 355 tmer IO operates a5 a Schimitt trigger inverter whosg

operation s shutiar to the digital NOT gate funotic 2.6 shows the cirenit symibol of

the MOT gate. The Schanit rigger s w

i

wyverting butter or MOT gate becanse the oorput

fogic state (i v} ia the inverse of the inpot state. B3 simple operation 13 based on the

follmwing msles:

Vi s} makes output hi

=AYy makies the cutpot low: GV

i

Henoe, the Schmitt trigger could serve a5 2 switch, swiching betwesn a high and low
bogic siate depending on the voltage lovel (high or fow) that appears at s input.

X <

The buffer cirouits inpot has o very bigh unpedance (about 1MEY

:opstpart o sink up o 200GmA L This onables a high bnpedance

ondy g fow uA,
signal source such as an LR 1w switcl a low impedance cutpet transducer o 1C sueh as

s

the 4160 { Hdestage binary ripple counter) B

1.3 Timey stage’sab-elvenid

, =

The dming functon of the device s provided by the operation of the 40601

The comer i a

which i5 simply a |

ity

sising through these

stgtes in a sequential fashion Taking as anesample, a 3-bit binary counter would have
Y= nossible states and a T4-stage blaary counter would have 27 possible states

simiarty, When ¢ sabled by a clock

£k
s
%
posy
=3
-
O
%
faed
Y
f ¥
W

Ble state as the nput clock wavelorm causes the counter to reake a tansition oy




gach clock pulse. A string of JK Flip Flops can accouplish or by wired 1o fonction

P
’1‘
S

CULHHET

The 4060C is shmply a vascade of 14 IK Flip Fiops, 15 of Hs ivlernal

structure reveals an oscillator section and 14 vipple-carey binary counter stages. The

r configuration aliows the design of either RO {resiston/capacitor) or cryvatal

oscitiaior i

ST bt s provided which resets the counter 0 the all's stage

and disables the oscillator. A blghu lovel on the RESET ling accoraplishes the resst

function. AH connter stages are master-slave Flip Flops 191 The stae of the counter i3

advanced ong step in binary on every ne > pratting edge of the olock pule.

A ripple counter 13 reafized {from a string of Flip Flops) by applving the

EMABLE clock poise w the

Flip Flop stage. The outpot of this stage would now

red
=

sgrve as g clock input to the next siage in the cascade. This goes on 6l the counter

oeds sequentially thy states, Lo fromm ali-07s state 1o sll-17s state, This s

how input olook pulse to the first stage ripples through the whole caseade of Flip Flop

stages- henee the name ripple Carry counter,

FPurthermore, the frequeney of the input olock pul dependent on an exie

P

AL metwork, g

s feature makes it possible for ditforent clock freguencies w he w

N

by wstng dilferent values of R (resistory and £ (vapaciior). The time delay period, 1 is

"y ". 4

given by =2 3RO where 2.3 is 3 propagation factor dus to the carry dwonugh all the

stages, The values of B and € are in Obms {03 and Fara

pectively. Sipitarhy the

expression for frequency of cscillation, Foequals 1400 also equals {23055

i

The next diggram {Fig. 2.4} shows a single Flip Flop stage In cascade of FF (Flip

Flopa),




Input

¥ Ui the nest Flip-Flop stage

A bit ~output of the counter

Fig 2.4 singhe Fiip Flop sfage
Fig 2.4 shows that the two output pins of the FF are complements of eact other Le, Q and
-, Whenever the Input logio sransiis from a high 0 alow state (1 to 03 the Q output i

the FF goes high enabling the nest stage while also serving a8 an output bit of the counter,

Thiz means that e frst FF stage would output the most gi yificant bit (L85 of the

hinary string of outputs of each FF stage in the counter. This alen expresses the binary

sumber of the present (a2 possible) state of the counter, Imporiantly also the inpet signal 10

the FF stage is applied simultancously to the T and K input pins s i the Flip Flop,

Considering a 3« bit binary ripple counter, whose cirouit diagram i shown below!

P W R Y S T S— e i T
by o . g o

: ;

ol oSN Deween B

b H

; i

H 3

-

¥ ¥

- £y by

Clock pulse

The hinary logic siate of the connter gives the bivary mumber {oxbbg) designation of the
present state of the counter, In this case 1here 2 o eight possible states and the vange from

PR

GO0 binary to 111 binary (state 0, 3.2, 3,4, 5. 6 and 7 all in decimal). The counter steps




through these eight states sequentially on each radl

v anrde NS S P

ng edue ansition of the fnpu clock
signal

Signa.

Finaily, the oscillstor sub seetion of the 406010 enahles an engineer 0 vary the
rate at which the counter steps through

v ithose states, This depends on the valne of sl

8 and capacitor, O chosen as they determine the oscillating fregquency of the osciflaior

¥

and hence frequency of the clock input wavelform,

.14 Output tnderface/slage

This stage simply consista of & transistor an

yr amplifior operating in the comme

gmitier mode. @ relay (oormaily closed) and a 3- plug socket

ot which serves as

e devics
interface to the outside world, The transisior 15 @ senvdconducior dovics that has theee pins
nanely the base terminal, the emitier teominal and the collector terminall It can perform
two functions that are fundamental to the design of dlectronic clrouits: o

mplification and

Put simiply, amplification consists of magnifving a signal by transferring energy 1o

i from an external sources whereas a transistor switch i a device for controdling a
setatively large current bebween or volia

tanction transistort will he considered here b & design of the hght

dependent automatic-oft tmer,

Bipolar Junction Transisiors are formed by jot

three sevtions of
semiconductor materinls cach with different doping leveis, There

.

ve there are wo Iy types
of BIfs: .

NP and MPN BITs depending on the doping technigue employed

For the BT to fupction as an amplifior, the operating {guizscenty point mast (sl
in the active segion of the ;f{i!}wi\t‘)’ There are three basic amplifier ohroulis namely: the

sommon-amiger amplifier, the common-base aroplifier and the common~coilsc

e
G

amipds

b the conwnon~omitior amplifier ciroull, thy omitier wersinal 15 commaon io




both the bput and output sections of the amplifier cont Spuration-henee the name

comnor-emittor, Fig 2.6 is e ciroult diagram of a BIT in common-ermiiter mods.

N A

-

SR,

d i

YA
v Ve

f 2 BT in conamon-smitter mods

Fig 2.6 ciroudt dingran
Voo is the supply voltage, €2 is the omitier bypass ¢ pacitor, and {1 is a blocking
capacitor. By By, R, are the hase, colloctor gred & nitier terminal resisiances mapectively.

The following are equations used in the DU anal ysis of the common-eraitter amplifter:

o Yoo loBe 4 Vee

Where I, I Ie are the collestor, base and emitter corrents and § is the current

amplifivation factor of the wansistor.

The relay is essentially an clectrornechanical switeh that pevmits the opening and

o
N

clnsing of dlectrical contasts by means of an zleciromagnetic structyre. The working ©f

soered, an electrical current flows throogh the relay ol

g

aned generates a feld in the magnetic syrecture. The resulting force draws the moveabls

srical oontact 1o be made, Une

o

purt of the relay towards the fixed part ca wing an elec




striking advantage of the relay is that a relatively low-lovel corrent can be used 0 contrsd

its openi

yuid closing of a cironit that can carry large carrents {111 The tvpe of relay

""" sedd i the fors

15 the normally vlosed velay. This velay romains normadly
closed in an electrical cirouit, but whon avtivated B opens, switching off eleciric current to

suother section of the systern in which 8 oporates o from any devics connecied fo i

it symbal

2.2 HISTORICAL BACKGROUND

A thmer s a specialived type of clock. A timer can be used w0 conirol the sequence
of an event or process, Thners can be mechurucsl, electromerhanival, dighal, or even
seitware, sinee most cormpuiters have clorks, Early timers used typical clockwork
mechanisims, such as an escapement and syring o reguinte thelr speed. Insccwsate, cheap
mechandams use o fiat begter that spins against siy resistanes henee they wery basically
mechanical thners. More sccurate mechanisms resomble small alavy clocks. The chief

Hre 1o bail

advaniage of these is that they reg

1 can be stored for Joug periods of
e, The mest widely-known applicstion is to conrol explogives {121
Latgr on, siit] in the eardy 20th contury, sleotromechanioal thmers emsrged and

v

hocame widehy used, replacing s mechanical ancostor. There werg D0 common types:

The thermad ype, which bas o meial finger made of two metals w rates of
thermal expansion (stee! and bronze are commmond. A elacinio cwrrent Hows through this

finger, and heats # One side expands less than the other and an elecirical contact on the

g of the finger moves away from an slectrical switch contact, or makes g contact {hoth

>-~
AV




types existy. The most common use of this type is now ju the "flasher™ units that Hash turn

signals in automoebiles, v sometimes in Christimas He

The other type of electromechanical dmer (a omm timery uses 2 small synchronous
AC mmsor tursing a cam againg a somb of switch contacts, The AU nustor is turned at an
accurate rate by the ziternsting current, which power companies carefistly regulate. Ugars
sheew this motor down 160 the desired rate, and turn the cam. The most conwaon application
of this timer now is in washers, driers and dishwashers. This type of timer often has s
friction cluteh betwoeen the sear train and the cam, 50 that the cam can be turned 1o reset
the 1ime.

mers survive i the iations since they were often

Slectromechant

anitcal controifers: aiso mechanical

combined with eleetrical relays to create elpotrn-ne
wwiteh contacts are still fess sxpensive than the seroteonductor devizes needesd to control

S i '(;. i"\‘fd{“ &

Flectromechanioal timers reached a high stats of developmend o the 19508 and
&its because of their extensive use in asrospace and weapons systems, Programmable

electremerhanical tmers controlled lsunch sequence gvents in varly rockets and ballistic

H

missides {121
However, in modern times digitad thners have become common placs singe they

because they are guartz ciocks with

b thery

sprcial electronics. Integrated cironits have wmade digital logic so tnexponsive that an

Exips ey
feise ~

timer i3 now less expensive than many mechanical and

slectromechanizal imers. Individual timers ave Implemented as a shmple aingle

COTORUET SYSion, stinibar 1o 4 wabh.
Moreover, 10 recent tines, most tioers are nony implemented in software, Modern

‘

conroilers use 3 programnable logle controller rather than 5 box full of




it were relaye, using 8 special

compmuer language called ladder logie. In PLOSs, timers are asually dimudated by the
software built into the controfler, Each timer is just an cutry in a iahle maintained by the
sesftovare,

Embedded systoms oficn use g hardware thner 1o implement a list of softveare
tiners. Basically, the hardeare thimer {3 set 1o oxpire o1 the time of the next softwgre Hmer
of & Hst of sotteare thmers, The hardware Umer's interrupt software bandles the houses

Cthe software, finding the aext software tmer o oxplre,

andd resetting the hardware tmer (o the next sotteare timer™s expirstion [12].

L3 LIMITATIONS
The mability of secuning discrete sloctronic compoments with the exact (precision)
parameter vaiues arrived ot during the theoretical design caloulntions is the major

Hmitation faced during the design and construction ot this de

esistance value of 225 kilo-oluys may nod be Tound readily; but g goad
shoose the closest valoe available such as 220 Kilo-ohmy in this case.

o~

Also the posaibiiity of paramster valoes of discrety electronic components waking

valugs within their tolerance Himis other than the desived valug indicaied o the
CHRpOTEnt 5e7ves as a constraint also 1o the oplimal performance expecled ey g

228k resisior may read 217kolun or 223kohm as aotual resistance walue whan wired

e & cireuit,

in comparison with other tmer devices, this devics has provided the tmer chrous

with its ovwn DO powsr sapply source eliminating the problom presenied by the use of dry

ceil bgtteries. Thvers that use sutable balteries 1o drive both the timer and 18 ouip




Y if()ﬁi’!'{*cf”iﬁ{if srategy or

devige reguive tha the desigoer adopt a well thoughi-

the operational Hife bebween charges may become unaeceptaldy 5

When vompared 1o the convnon time-delay thoers availsble

it employs a Schmint iy

dependent sutomatio-off timer has a greater sensits

nother grogt advantage i

generste the thmer ENABLE pulse. Also #te versatilit

g 1 fanction or operation can be apphied to ot Just CLY players bu

PEERCis T USe

common place clertronto apphiances ke TV, sets, Personal Computers and 50 on,




CHAPTER THREL

DESIGN AND IMPLEMENTATI N

i chapter, the Light dependent automatio-off thruer for

Ax detailed in the provious
s comprines of oy basie unis, This chaper presents a wodular analysis of the

P plavers
design of the device,

3.1 BOPOWER SUPPLY UNIT

i ,
¥
<
o , 3 12¥de
; {htput

3

rd
33t

4%

Red LED

v from the PHOM

The wansformer s
v for the operation

tesived voltage level nece

AC 10 12V, the (o the desi
237

mningy from 230V
ormer are 300mA and 12%

current and vo

of the device, Thy secondary
v. Therefore the furns~ ratio is evaluated ax

Mp/ M Yao/ Ve 24012

ansformed vollage level now passes through the bridge rectifier and conseguentls

through the capacitive e




The two capachiors being connected in paralle! have an effective capaciance off

s high value of capaciiance 13 Chosen becauss the capacitance

reactance must be minimal so thgt the capacifors can serve as an effpctive short cireult,

S

snhing AU component of the rectified ouiput 1o the ground while blocking the desired

2 component fron the ground.,

Capacitive reactance, Xo =

Substituting actunl values intoe the oxpression yields:

No s e S w2200 08

s - VIR TUR e

w1 44742

Y

Lower values of mpedance could be achizved by using higher values of capacifance but a
trade-off must be made betwesn the capacitor discharge thoe and the reactance value

This is necessary hecause a high value of cepaciance gives a greater discharge tme

A TW O 2206Y was chosen 1o Tt the current throngh the power on LED. Power

dinsipated by the resistor is ghven by

&

%,"5,'3 iy
;) B -+ SO v {:‘655%}7
#

{are was waken duriog design o ensure that the power rating of the resistor would not be
gxcesded when the resistor §s connecied in the cirovit, The pourpose of the LED mdicstor
is to indicate whether the device Is powgred on o no

32 PRE-TIMER UNIY

The purpose of this stage is (o generate the triggering pulse that will enable or

activate the timer section when the roont is sufficiently dark, A 333 timer based Schmin




trigger with o voltage divider clroolt at its Input was employed. The chrouit diagram for

this unit is shown below.

FEY from

the porwer

" Sii{?pz ¥
= unit
4 (e

Reser Oy

>

~ - { A
Zigokn T Dis suiput puise

~

£
s
P
S
[
-
WA

;

Thr

Hesel @ Y: 4
N LDRSLS)

switch NS/ :
A b
o ;

The Schywiis trigger is a logic state foverter whish switches n high dogio state at 1y

P b

Bt to a low ople state &t s owtput and vice versa. The input at the input of the 335

timer based {1 controdied by the voltage divider clrouit consisting of the LD (the

el sonsor) and revo resistors- 47563 snd 100K in a paraile! combination. Theretore t

i1

The LT3R has a light dependent resistance characieristic with its resistance

bed

fucressing with decreasiug Heht intensity. In dark envivomments. the resistance of the Hight

b b

sensor s very farge and in the range of mega chins (ME£2). The LDR is connected directly

£

Kehunitis frigger, hence in the darky the LDR divides o greater

at the input of the

stance when compared o the

arge valoe of resis

nereentags of the voliage bec




s and the LR s

stance. The vollage division offered by the rexixt

the foblowing ratio;

Where Ryng-the resistance of the LDE which varios with figlt infonsity and the

1 dhsve

,us

expression for the foput voltage Vi at the input of the Schoilt trigger at any giv

[N

2eotts [

From the above expression it s ebvious that the logic state (high or low voltage)

sle cases: in

at the fuput depends divectly on the value of Ripe, There ars twio po

sient gt and the absence of ambient Hght

it

presence of 2

»1\_

in the first case, the vahie of By ppowonld be very low because of the presence of

[ ’AO»

Bt and hence the 32K equivalent resistance wonld divide a greater proportion

ambiont Hy

>

i ne

al g3 thy rosistanve of the LDE s very smell and negligible when

of the 12V voltag

32ELE reststance. Therefore a low veltage will appear st the input of the

compared to the

Schavi irigger

P

In the second cuse, the vahse of Bope would be very large since thoro 15 an absenve

of ambient Hght. As g result, a greater percemage of the [2volts is divided across the LDR

o

presenting g high voltage input at the input of the Schmitr s ctive vesistance

v, An effe

xr'\
\7“\

vatue of 32kEY was chosen in prefurence over the T00RL and 32082 resistance values 1o
ensure that the device bad grest sensitivity to the fransition from light to darkness and

Y.

e
&
&
s
7

The Schmitt trigger is used to provide a clean switching of the thne delay chrouit

£ since the resistance of the LDR shows a gradusl inorease o

e

{timgr unit) on OF ¢




-

¢ inten

encroaching darkness and similarly also, 2 gradaal deore resisiance as Heh

increases {in the presence of ambient lighty, The change In resistance of the LER s
conditioned to genenite an oscillation free outputwith & 335 timer 1 bused Schinii
trigger which provides the enable/ disable control needed to switch the timer anit onf i
the dark) or off{in bright Hehth

The switching threshold for the mverter (Schmig tiggerd ts fixad al Yee/3-

reguived for # low to high logio stale swits and 2% ood3 for a high (o low logie state

switching, For the 12 DO supply, the thre

1230 and (2212 3, which vields-

Ve

4% and 8%

Hence, whenever the voltage acress the LDR is fess than 4% the Bohimitt trigger would

niace 2 high {12V logic sate a1 pin 3 of the 355 timer {Timer uni disable condition) and
noe excesds 8V, a fow logic state (V) at the outpu of the trigger

{Vimer unit ensble comhition).

Surpmartly, ¥igowoul

¢ he less than 4Y in the presence of Hght and Vi would be

bey

-

hetween 8% and 12V in dark spvironmnams, The 0.0 1eF emploved to connest pind of the

393 timer to the electirical ground serves the purpose of elindnating cloctrical i

<o i the

cirouit
Table 2.1 shows the pin 355 tyner I

} (iround i

2
<

¢ mput

3

A
N
hv
o
B
=

]
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5 Control

5 Threshold Inpu

7 Discharge
8 virtage supply pin

For the 355 timer I 1o serve as 2 Schiitt friguer i

-

g ocirouil ifs ynits arg ticd

¥ [t

wt to form 2 single nput ping connecting both reses pin and the supply pinto the
power sapply leaving pin 7 unused. Guiput 1o taken from pin 3 and pind s grounded) pin

& is slso grounded through a capacitor,

A3 TIMER UNIT

The malor operational component in this stage is the A6{HL,

wchisa i4 Sage

inary ripple counter wi

# butlt-in oscilbator, The freguency with which the osciliator

»-.

oscilistes is determined by the value of the resistor. R and capaciior, € sonnected 10 ping

¥

Sand 18 of the 486080 », the tine delay period of the timey

.\
&
\.ﬁ'\
&
s
e
£
P
oy
"
[
=
LY
ol
L

unit is preeset by the valie of these v components,

Pk

ahowing pin fabels

3
~
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{6 Yoliage Supply

The time delay or thmer anit §5 activated whon the 1C detects a fow signal or pulse at the

aset pin, pind 2. A high signal on pind 2 woudd simply reset the 10, disabling the on-chip

osciliator, Fig 3.4 1 the cirouit dlagrams of the thmer wit,

AW
)




fnput A
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pre-tincr .
it '
........ {\ ‘;}‘”..w‘é
........... o To output un
PO ”3” P RN
o ™
T 7Y P
i"’:/"f”?ééihw %n?T
Yo I
SOV’ SO

it dingrant of

the mer unit

The count LED blinks with the frequeney of cscillation, showing that the counter

has boen activated, The count LED is off when there 15 a bigh logie state at the resat pin

showing that the counter i disabled or that tmer K oif The table below swmmarizes the

descriplivn given above,

Tablsd 3 Table of device state Bhasivation

TLDR | Reset Pin | Count LEL

-~ H

OFE

CDark § Low Ptinks

{4 Flip Flop stages, B can be ased 0

Since the HU4064 s g oonnter that consi

senerste larger tme delay periods than is possible with the 555 tmer operating o the

memnstgble mode, The RO component connested between pins %and 10 determings e




regueney of operation of the ou-chip oscillator, which, consequently sets the time-delay
period of the couwder 17

The freguency of oscilistion determined by the exermal RO cirouit is given by

R TR
23K

To generate a tdme-delay period of 30 minsies, the valves of the external vesistor, B and
capacitor, O necessary 10 set the Q14 oulput piv of the I bigh sfter a delay of
3000ceconds (3mins) was doermdned,

: ’ Fhg 731G
Noww, 314 goes high after 277 elock pulses and sinee pwa clock pulses make a

5 high afigr

vand fow puise maekes a ohock ovels), 1

el @ 19T oyiles of nput ohook waveform, Also, o thime~delay of 50 runutes is

From these vahies, the frequsncy with which the oscillator must oseillate w
gencrate the 30 roinotes Bme-delay ix

Fo= 8192+ 3000 = 173 oveles/second {H)

Ircevaluating the RO componont that will generate anoscillating trequency of 2.73Hz,

{equating eguntions ¥ and Fose), solving vields

2 of 4443, we have an aocompanying capacitor value

2 or B362uF.

n ey
A

e




Do capaeon-0.0230F and 0.33uF were connected in puraltel 10 realize this capacitane
vale e, Ceg = O 02 = 0033 033 0363ul and two series resistors of 220k

e

resistance each supphed the 440K resistance.

R WOYEDOTIS £33 regul ired 10 generale g B ipuies i

Rasmarily, fay is

B 440K and O = 036308

i is important o note also that 1o prevent the osti o volfing over; the positive

iHator through the clock input,

&

> adee of G4 is detected

A

pintl. The Imdd resistor aud signal diode ave smploved 1o achieve the feedback loup

)

Aluo, for g wst mode of operation, the OQF cutpot was taken and a switch
emploved 1o switeh hetween the O and Q14 ouiput pina. This makes it poasible thr the
g 1o Switeh bobween the “est” and “operate” modes of the devive,
Similarky, Q9 goos high afier 27 elook pulsss. Therefore, ©% goes bigh afier $12+

2 clock ovoles, fe 256 ovoies, In ovaluating the thne-delay expecied with the oscillaior

oscitiating at 2.73H2 we have:

“>¢/;
e e where To s the time-delay i seconds and Fthe frequensy of oscilfation,
£

Tro 156 myinutes, This is the time-delay for the o8t mode of operation of the devize,’

i i order to provide a moch smaller Ume-delay

test mode was incorporated st

period specifically for tost purposes and 1o prodict the operation ot the device i the
“operate” mode.

The warning LED indicator s wsed 1o hudicate when the Q13, the peaultimate Fii
Flop stage goes high, warning the wser that the device would soon operate. This cutpat

the “warning” indication as it glows when the Q13 pin goes high, The

pivs was chosen 1

2




LETS indicater wonild remain ON i the bigh to fow tranaition on the pin whish will

trigger the (314 oviput and ciuse the device 0 operalo, § witching off the L1 pl

.,.,
-
ot
b=
)
e

3.4 GUTPUT UNIY

This siage consiets of a BIT wansistor, twe 2200 resisiors, One LER {load-offy

imdicator, 8 free wheoling divde and s normaily closed relay sonpecied 85 shown by the

circuit dingram balow,
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YA i
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inpat from
thmes unit

T gonerates the o bins curvent when 214

min of the 406010 goes high. This cenerates 5 voltage bepwesn the collectos and the
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voltage caes the load-off LE 3 indicator to glow and the relay o operale. The free

wheeling dicde pr the back et fromo the in

” {}

s in the BIT dus 10 the collector




foad-ci¥ LED indicator glows when the device has opersted: cutting off power supply 160
the CU plavey

The purpose of the BIT s 1o amplity the ouwtput signal of the 400617 10 g level

The crastacis of the relay once operated opens, creating an
o £

sutticient o operate the roiay,

b

open oircult between the CD plaver and the AC maing s 3-pin socket serves as

4

the outpet interface botwesn the inte snt apomatic-off

timey and the £ player power cable,
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CHAPTER FOUR
TEST, RESULTS AND DISCUSSION

Testing is caried out primartly o see i the sctunl porformance of any newly

constructed devicr matohes #He oxpected porformance, This makes it possible for the

designer o estimate the aoouracy of the fabricated devics. Likewise also, the tosting of

bed

o

the automatic-off light dependent dmer for D plavers was noeessary for the simple
reason stated above, The performance of the device in terms of fix efficiensy is reflected
by the margin of variation betweon the operational time-delay and the pre-set thime-defay
{30 minutes) set daring desten.
4.1 TEST
A test mode of operatioe was provided during the design of the device sodely B
test purposes. This “test™ mods offered a smaller tme-delay period of gboot 1.3 minutes,

providing also. 2 simple means of securing tost results that would be wselnd in predicting

i

the actual operation of the device in the Yoperate” mod
A stmple digital stopwaich and g dighel mubliimeter sere among the fest ool
reguived for the testing of the deviee. fu order w0 test, the device was simply powered on

and s operation mode was sot 4 the tost mode, With the LDE was covered to simulate a

dark environment, the associsled time-delay peviod was recorded by means of the
stopwaich, The multimeter was used o read the frequeney of oscillation and the valus
read wis noted. This process was also repeated for the operais mode,

4.5 1 Results

Resuls gotten during the tost exercise werg wabulated as folfows:




Mode of Operaton | Actual dme-delay | Expeciad fime-delfay | Discrepancy

v

Tent P27 mimates L.56 minutes

Opgraie 45,48 minutes 34 minaies 4.52

™~

Frequency value read from the oseillator: 2.99 He; expected value of frequancy: 173z

4.2 BISCUSSION OF RESULTS

2

From the results displayed in ble 4.1 we see that a Hitls dscrepancy oocurs

between the actus! time-delay period in operation and the expected dme-delsy period. In

.

perceniage value, this can be expressed g8 discrepancy/axpected value # 100,

H

Conssdering  the resulls, we have @00% and the diserepancy

bevween the sctus! frequancy of operstion and the expected Frequency of operation as

R . 26 1060 . , . .
289273 = 0260 henee, similurly, we haver 00 vnl om0 9.37% Therefore, in the

construvtion of the device from the design. an overall efficiency of abour 0% was

attained.

4.3 SHORTCOMINGS AND POSSIBLE REMEDIES

e diszrepancy observed during the testing of the device presenied Higle surnrise

as it was anticipated, though within g particudar olerance range. This is so booause a fow

oy

anavoidable Hmitations were encountered in the course of the mojent work,

i2d

Two promivenst shorteomings experienced were the nability 1o procare precision
cosponenis and the very ermatic natwre of AC mains sepply from PHON. The only

remedy  avalable fo an application where @ higher accuracy s peeded volves

&

incorporating & volinge regulator ino the DO powsr supply enit as well as procurin

precision components since exuct ciroult parametars vield exact results,

maes

s

Cod




CHAPT

«HEFIVE

CONCLUSION

51 SUMMARY

.f}

Timers are a very smportant part of many electronic and digital choubis 1oday a8
thoning based condrol is the basic functon of many moders control sub-sysiems and
systerns, More 30, thoers arg also comunonly smploved 1o inilime an action or wwigger an
aperation afler a set time delay elapses. There 5 o Bmit 1o the versatiiity this fuwily of
electronic devices offor modern engiueering design,

The device constructed s actually unigue tmer whose timing control is dependent
on light intensity. This is because, the light dependent amomatio-off timer is primasily
des

sioned to aid users who habifuall

b
P

o’

Hsten music faie i thy night, by providing g sal

,\
b % FTRIICUR N 1 LR 24

aufomatic means o

{8 players in a case where the user fally asleep
sudderdy

Furthermore, from the resuils pres

ted in the preceding chapler, an acouracy of

about 90% was achieved, This achievement is deemed sz

I ST VTS vi e
sfaciory and significant when

fimuations faced and the objectives of the project ave considered carefnly

Conclusively, since thy objestive of the design is met and the fabricaed design

works normally a5 expeeted with accuracy within the

wirk/experience i eonsidered succesafnll revarding and folfitbng.

speration of this device conld be applied 1o uot just U8 plavers but common

H

household electronic appliances ke the Television, Where a bigher acouracy is reguired,
a volage reguiator could be incorporated i the power supply unit and also a dighal

dispiay unit, which | deemed optionall in the Hght of my primary objective,
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APPENDIX A

BLOCK DIAGRAM OF THE SYSTEM

input from AC mains (240V)

PLY

-

N b A Y, i -
Rectified voliage,

3

sigpped down to 12V

High or Loy signal

from pre-timer unit

A

Onutped i set bigh afler
pre-set time delay

glapses or otherwise

]

i W,

'
Relay operates to swiich off |
ki pi the (0 plaver afier pre-set
thne delay :

Kev:

e

¥ Downward arrows show the direction of logic and signal Hlow.

bed

& Text boxes highlight the state of signad between the blocks,

R0




APPEMXDIX B

LIST OF COMPONENTS LN

A INTHE PROJIECT WORK

COMPOMENT TYPE GUAMTITY

Besistors

22 PN

V65 NI e e 2

HOORSE e e A

~

O L S 61 L B YTy U }
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fmnsformer (HINV U3AN o e P, ST i
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