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ABSTRACT

This project presents the design and construction of g fire alarm spndder system with delgy

cireutt, The systens senses high tem peratures of ghowt 50°C that may lead o fire outhreak with

the aid of 2 sensing circuit made up of an integrated temperature sen % unit The sensory cireyit

i connecied 10 cirouit breaker o disconnect the electricsl main supply and o delay civouit 1o
cause a deley for about 60seconds, after which i the hegt detecied parsisis; the sprinkler system
is activated to sprinkle waler over the area The SEBEONY CITOUEE 18 powered using & 12V DO

regulated power supply. This system maproves the chances for reducing the visks o life sad

PIOPEITY.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Iutroduction

This chapter entails the motivation bebind the development of the project, the problem
definition and methodology used in the project, and finally the cutline of the chapler composition

of this project report,

1.2 Project Mativation And Objective

The eutbreak of fire has a harmful effect on live and propany in any society. Most fire
detecting devices just detent the presence of fire and raise an alarm to cgll the attention of people,
without sttempting o comwbar the five. Also, most fire detecting devices are not inelligent
enough 1o detect false alarms in that they detect the presence of heat and just raising an alarm

with no additional cironitry 1o check whetber it was actually & fire cathresk or g false alarm.

The basic ohjective of this project is fo detest the presence of heat or five outbreak by
sensing the heat in the arcs for temperature above 60 °C, create s fime delay to make sure 118
a0t a false alarm, amd with the help of the circud breaker and sprinkler systers, automatically

atiempt to suppress the fire by sprinkling water over the ares and afso disconnect the electrical

mains supply shonld it be electrically saused.

1.3 Problem Definitinn And Methodolngy
Having completely understood the component characteristios configored o make up the

ciret design, the problem is the design of w five detector and water sprinkler system with detay




80 as o detect the prasence of fire in the surrounding environment and abso 1o combat it In the

sourse of solving the problem, the following methodology will be used.

= Design of power supply undt

»  Design of the heat detector sircutt

¢ Design of the delay cirouitry{consisting of the 535 Astable Mubivibrator and the two{d)
MOD- 1 counters)

& Design of the cirout bresker

= coupling of the water pomp and the sprinkier system

s A sudy of the varving npul and output characieristics

s Providing of 8 case 1or the fire detzction and sprinklercontrol system

1.4 Project Outline

The project comprises of five chapters. lnrodaction, lifersivre review and theoretical

ign, calvulation and decisiong

wackground of the componenis used in the project, sysiem de
taken on selecting the appropriate components of the circay, sirouit construction gnd tosting, and
fimally the general conclusion, problems encountered Hmitation area of application and possible

recoramendaiion for further work,




CHAPTER TWO

2.3 Introduction

The design and constuction of the fire detector and fighter devics iy done dus 1o the

incorporation of diffevent elecironic components and sub o This chapter i3 going io

discuss the Hierature review, the basic theoretical aspect ou which the various part and seb-units

of the projesct are based.

1.2 Literature Review

Heat detectors are the lvast expensive fire detectors having the lowest {alse alarm rate of
all the fire detectors, but are also the slowest n detecting fire. Hent detectors are bext suited for
firg detection m small onfined spaces where rapid fire with high best cutpnt are expecied and in
mther areas where ambient conditions would vot sllow the use of othey fire detection devicgs or
where spred of dewotion of Hife sufety are nol 2 constderation, One example of this would be tow
value products where fire could cause nuninmum damage to the struciure of contents. Aniomatic
fire alavems with water sprinkler svstem is an active fwe protection measuwre and are most
effective during the fird's initial Hame growh stage.

’ o

Today 809 of deaths in building fires are caused by smoke mhalation. In a matter of
prnutes, the victims are dead before the fire gver reaches them, Heing 8 vital aspect of several
industrig! and residentisl processes, research works have been carried out 1o solve the problems
of tate detection of fire outbresk and the subsequent control of the five outbreak This was

achieved by using some basic elsctronic components lke temperature and heat sensors which

senses potential hegt in the environment that can lead o fire outhreak {1}




Amao designed, comstructed and tested 2 wicro-controller based wpmperature pontroller using
temperate sensor 1. The output yoltage of the sensor varies propo srtionsily 1o the temperature

in degree contigrade {°CY {2]

Adisa desiened a leruperalufe MEAsWIDg Sensor ¢ device using thermistor, potentiomeler angd

Py

Opamp 35 compargior. 3]

Crwamziti Ponsah designed and constructed snd tested a now- late hing fire uaing thermister

and microsoniroller based which senses temperature above 41 A

oy is interfaced 1o the cireuil

For the control of fire in this project, an autoptic sprinkier &
together with a cirouit bregker o sprinkle water over the area and also to disconnect the mams
suppiy. This helps reduce the risk of b fie and properites 1o & reasonable extent.

2.3 Theoretical background

1.3.1 Transformey

A wansiormer s a device that transfers electrical energy throngh inductively coupled
condurtors (the transformers coiis), Mostly, i ole otrics, AC voltage is stepped down to suit the
requiremsnt of the solid state devices and circuits fed by the DI supplier in an idsal tranaformer.
The induced voliage in the secondary winding (¥ 75} is in proporion to the primary voltage { {¥p}

and is given by the ratio of the namber of turs in the secondary {Ns) to the murber of turns in

the primary (N} as follows:

-

:“{

This gives the basic cquation for stepping up of stepping down 1 the voltage, where K i3

the voltage transformer Tatio,

4




232 Reetification

Recufication is a process by which alternating current (44

which periodically reverses
dirgetion 1o DO cwrrent, which Hows in one direction. Devices thet conduct such kind of
conversions are called recufiers. There are different forms to which rectifiars may take, and these

inchule Vacoum whe dindes, Mercury are valves, Solid state dindes, Rilicon-coniroiied rectifiers

AR

The process of reontfication is carvied out in two major wavs ng

¢ Half wave rectification

e Pl wave rectification

iM 4801 General Purpose Heotifier

'y

This i3 a bow voltage drop, ngh sorge current capability rectifier used for convening AC

corrent o an appropriste DO vollage value, 1 {5 commonly used i many slectronic cirenits.

233 B Voltage Begulators

A regnlgtor is an electronic device that controls the voltage level to a given value. There
ave several types of regulators depending on the ouiput voltage fregulated voltage given by the

regulaton, Some examples of common power regnlators are:

W‘\\

s TR0S power regulator

& TEIZ power regulsior

Howsver, the regulstor used in this project is the 7812 regulator which is desoribed

o

below,




7812 Reguinter

The 7817 regulstor is a three 3 terminal device that produces an output of 12v when
conpected. Thus, toput voltages to the regulator greater than 12 volts are regulated by the

regulator to produss an output of 12v.

The 7812 regudator belongs to the TEXY famuly of seifcontined linear voltage regolaty
cirpurts which can support voltages of up 1035 to 40 volts and currents of 1o 1.5 gruperss, They
arg Posttive voltage regulators, e they are designed to produce voliage that 15 positive relative

i the ground. They also have g nuiphmum voltage drop of 17V goross them.

The diagram of the 7812 regulator pin out s as shown i fig 2.1 and 2.2 respecrively

i E i ;f
- 3 ¢
,%w .L_:- mﬁé"»«,ﬂ,‘ My
Fig, 2.1 7812 Regulator cirouit Fig, 2.2: 7B1E Regulator Pin-sat

2.3.4 LM3IS (Temperature Sensor}

The LM3IS temperature sensor 8 8 three ferminal device whose output is binearly
proportional t0 the Celsius {centigrade} tempersture. The sensor is an integrated cirou
sernperature sensor whose mator advantage cver other sensors is that it does not reguire exiernal
calibration or fiming to provide typical acowasies of % degroes at room temperamre and %

degrees over a full S50 10 18070 Temperature range, The sensor s alse 2 low self hesting

&




device and draws a0pF from Hs supply. They are used in oven confrollers and resistor

temperatine sensing

ool

There are cortiin behaviors of the LM3S temperature szusor that migkes it have

sdvantages over the noroal thermision.

1 LM35 temperaturs sensors are Huear in s bebavior while thermistors ave nonlinear

b

Outputs of the sensor are dirently in Celsins. Thus there s no need for converson 1o
centigrade unlike the thermistor whose outpul needs to be converied to Celsius,
3 Easier imterfacing or readout due to low output impedance and linear characienstios

4. Yo can measure npersiure more sccnrately than 3 usmg 3 thermistorn
¥ ¥ 2

LA

The sensor cireaitry is sesled and not subject osidation, oo,
& The LM39 generates 3 higher ouspat voliage than thermocouples and may not rEQUIe

that the output voliage be maplified.

The tempersture semsor LM33 i Fig 23 helow shows the various componems
comprising 1 which are sransistors, resistors, an opevational amplifier ad n diode for

recitfication purposes.

The LM35 sensor has eight pins whete only thres {33 of them perform important tasks

The pin luyout dlagram of the mmperaiure se8807 is as shown in Fig 24

The civout dingram of the LM33 temperatuls Sens i gs shown o Fig. 2.3,




Bwwcoosoosemmmmmood,  TRE F Focsed

i Esemig

Fig, 2.3 LAM3S Tempoyature sensor infernal cironit schematic

ron the figure in 24 below, the ping 1, 4 and B are the active pins and are vsed as
output, groond and supply respectively. The other pins are inactive and are ignored or connscted

o ground

YVout o 4 ) s ~ g - w4
M e 2 7 e DN
NG e 3 R
GND el g & e KO

Fig. 2.4: LM3S tempevature sensoy pin layount

The caleulation for the conversion of temperature to volisge by the temparaturg sensor 13

iven by a sbmple divect conversion formuda {because of the sensors Hoear behavior) This
crmnla 18 given as

® Temoperanme { Oy Ve (JO0°0/YY © 00 00 0 {2.1)

8



Substituting the value of the emperaione, which is surrounding the senscr, we Can git the ouiput

vohage of the sensor which wenld determine whether or not the aprinkles/ cirouis-breaker alert

would be tuned-on.

1.3.5 Operational Amphifier {OpAmp} comprraior

A comparator Gireut is g circudt milding block that compares the strength {usually in

volts) of the two signals and provides an puipst 8 gnal when one bs bigger than the other. The

targe output gain of an sperationst ampiifisn 1o sles it ideal for comparing two voltages.

The cirowt in Fig 2.5 consists of two inputs, one is called an iverting input while the

other a non-inverting nput 1 also has an output to which the casilt of the compared voltage

signats of the two npuls is potten. The Op Amp can be configurad i Pan WAy the mverting

and the non-inverting configuration.

154

The operational amplifier gxed a8 4 comparator clicuit i 85 SHown in Fig. 2.7,

ronigverting

Dinwde 31

Tarininet

prvesting

Terrainst

Fig. 2.5 (p Amp Comparator

2 3 & Transistors




The transistor 18 g semiconductor device commandy used o amplify or switch elecirame
signals. A transistor s made up of sither silicon (s} or germanium (e} with at lgest thres
werrpinals for conmection o an external cuouit. A voltage or current gpplied o one paw of the
wrsnsistors termingt charges the chreutt following through another pair of terminals, bevause the
control {outyuit) powsr can be nuch mwore conirolling than the power, the transisior provides
amplification of a signal. ¥ can also be used o wrn current on and off in 2 cirouit like an

gioctrical controfled switch, where the amount of cwrrens s deternnined by other circt! slements,

There are basically two types of ransistors, the bpolar juncion (BT and the FET mansistor. In

this project, the BIT s use. The BIT is g thwee terminal eleciric device construcied of doped

seryconductor material, they are so named becanse theve operation mvolves both slecirons and
holes. The three terminal of the BIT are eminer, base and collecior, The BIT consistr of two
mnction diodes which sre NP and PNP. NPM transstor consists of o layer of P doped

sgmiconductor {base) between two M doped layvers, while PNP conaist of N doped semiconducior

betwaen fwo P doped layvers.

Curvent emering the base Lo collector mode s amplified i the collector cutpu. In other

o

terms, an WP transdsior 15 “on” when its base s pulled high wiative o the ammeter.

MPN Transistor

Fig, 2.6: Symbol for NPN bipslay Junction fransistor




PP

e x.\

S/ o '

Lol

Ny
~ o

Fig, 2.7: Bymbsol for 2 PNP bipslar junction tvansister,

There arg basteally bwo types of BIT iransistors namely

& NP Transtsin

® PP Transistor
s this project, the transistors used are the C1815 and TIP410 MPN transistor,
237 858 Timer Astable Maltivibrator

The 535 fimer astable mudtivibrator is an gsiable mubiivibrator connected using u 555
fimer a5 the hearth of the oseiifstor. U produses a square wave with whd! p fransitions betwesn ils
fow {0V and high (4V,) state. H is s highly siable oscillator o

zensrating accorate nme delays

Ly

or oscifiations, with additional teneinals for wiggering and resetting i destred. In the vime delay
mode of operation, the time is precisely controtled by one external resistor and g capacitor, while
iny the astable mode of operstion. the free running and delay circke are acourately controlled with

wo external resistors and one capacttor. The circult can be inggered gnd reset on falling

wavelorms, and cutput can source or sink up 1o 200mA or deive TTL ciregits,

The connection diagrar of the astable 5355 timer 15 23 shownon fig 2.8 below

Frecy
ey




Supply

Lus
; 240G
: <
| -
L , 4 5
’>>>~§ S «@‘3 B2
) LRSES 8
3 g by 0%
& K B
=1 0uF bt 3811}
4/m %
100
30

Fip. 2.8: Connection diagram for LMSEE astable multivibrator using 555 timer

2.3.8, Becade Counter

A decade covnter, unlike other connters is a counter that counis in decimals rather thay
binary., A Jdecade counter may bave gach digit bipary encoded (thet ix, ¢ may count in binar
coded decimal, ax the 7490 tteprated civeult did) or other binary encodings {such ag the by
guingry encoding of the 7490 jutegrated vircunt). Alternatively, i may have a "fully decoded” or

ope-hit outpt code in which each output goes high in tumn {the 4017 is such a circwt). The later

type of ciroait finds applications i multplexers and demuiliplexers, or wherever 8 scanping Lype

of behavior s useful. Similar counters with different numbers of sutpuis are also comnon. The

decade counter 15 alao Enown as o mod-counter when itoounts foten {4, 1, 2, 3, 4,

45

- oy
) .6, iy 8? r}}

This project design utilizes the CD4017 decade counter D7 Bs counting opsrations whith i

explained below.

e
N




£ 04817 Deoade Counter

The £134017 15 a S-stage divide-bry-10 Johnson counter with 10 decoded outputs and
carry out bl 115 counting sequence 15 taken fromm ope toten {8 1, 2 3,04, 5,6, 7. 8, 9 The
configuration of the CIMdO17 decade counter is such that sach of {18 decade cutputs is pormally

I3ty O state and go 1o the fogicsl 1 state Only at its respective time

This counter 18 oleared 1o U5 zero count by a togical *17 on 45 reset Hoe On pin 15 and
advance on the positive edge of the clock signal when the clock ensble signad on the clock input
pin, Le pin 14, is i its fogioal "0 state. Thew, each decoded output then remains high for | iull
cyele For every 10 clock input cycles and s used as g ripple carry signal 1o any Succeeding
stages. The connsction /pio-out diagram of the cowner CD4017 dusd inline package is as shown

i fig 2.9 helow,

1 i
Dgroded Dulpd 5 —mnd 1 5, / R e R V1§
\-"'v.«;" e
Decoded Qutpd 1 et 2 7 el <A e

e gk

(o

Decoded Thdpt § g

Devoded Qutput 2 -t 4 G (oK Enabie

At
B

SDecoded %iﬁﬁﬂi I s B4 A crﬁﬂ"g’ (8134

Degoded Qutput 7 —rt § Yt Clgnoded Cutput §
Decuded Omput 3 et 7 Qe Dncatber Cutpst 4

Fig. 2.9: pin-layout diagram for CB4417 Decade counter

i3




CHAPTER THREE
SYSTEM DESIGN AND IMPLEMENTATION

3.3 Introduction
1n this chapter, the man consideration is that of the design and different caloulations that

ke up the detector and fighter by the general circuit disgram and the principle of operation.

The project design comprises sty units which include

i Power supply unil
i Sensory omil
i Comparator unid
v, Delay vt
¢ Circuit breaker unit

v, Algrm/Purnp (water sprinkler unit)

Fig. 3.1: block diagram for automatic Tire alarm sprinkler system



in the blook diagram as desenbed in Fig 3.1, the power sunply unil supplies power 1o all
the other peripheral components of the design. The sensory unit senses the leroperature of the
surrounding snvironment and passes i onto the comparator unit that compares the incoming

voltage signal with a reference voltage. The delay unit is activated by the comparator unit which

controds the sprivkler system and the circuit breaker system connecied 103t

3.2 The Design of the Power Supply Unit

la]

The power suppdy anit iy designed using the figure shown in fig 3.2

L AN 4 81z

X

[ WP VU PN nnnnr S nS4
§ J “2 ; ook X84 1y Weran

¢ e ‘ i ,
{ 15w ﬁ % | i

L T A300pF TN 3300

m e s b b an H

Fig. 3.2 Power supply unil

The power supply system is one of the fundamental components of this project design

o source of B0, from the AC

and whose mator function s o provide the design with a relia
power supply inpud. This DC voltage 15 then used in the cironit for s operations. The conversion
process of AC power (220V, S0H®) o s DO voltage supply i through the various conversion

PrOCessEs.
3.3.1 YTramsformey seleciion

The following electrival conditions ave required by the power supply

15




e 12%olts DO supply by the project cirouit for its opershion.
» 18004 DO current supply

The voltage required by the ciscuitty of the project is g 12V 3.0 supply oblained from the

reptification and fltering of the cutpit of a M/ISV step down transfonmer. Therefore, the

wneciication of the chosen transformer is as follows

primary voliage = Z220%

X

secondary voltage = 15

AL cusrent L, 2A

SIS axirmanss ENIRTD
D6 current Lg = o

s = 1E0TA = 1300mA
3,22 Filier Parametey Relevtion

The purpose of the CAPACHDT 15 10 ACT a8 4 filter thereby producing 8 steady state direct
current supply by smoothening the output of a rectifter and climinating the A Q. components.
Having known the supply frequency from the supply mains power supply, which is 504, the

smmoothening capacitor cap thus be chasen properiy,

AV ERTRy Yy
Where,

s = Filter capacitor

s F o= input frequency fora full-wave rectifier




s Y.= Ripple voliage

¢
&

Hence, from the squation 3.2 above,

T

=1 B0% AVE % 50 % 2121 X 0.028 = 16 x 107 = 980pF

Tisis is the optimeal valus of the capaciior to be ased Por the design. Howsver, the value

of capacitor chosen is 9900F berause of the following reasons.

3

ity thereby producing lesser

» A lgrge capactior valus has a iarger eleclron-strage o8] 33
ripples
s Value nf the Load
3.3 Selection of Bridge Rectification Components

The bridge rectifier used w this cirouit utitizes four 1M4001 rectifier diodes

which has the following electrical characteristis TALIRES.

rscinmm voliage rating = 60V

sasimum forward carrgnd = 154

oot Mean Squared Voltage (Vg = 15V
ltage abave which break down may oot is given

The valus of the maximum (EVErse ¥o

frrm the datashest of the 1M4G0T a8t

Y L= SOV

¥ manReovesse

17



2 i related 1o the pesk voltage as in fig 3

But ¥, © peak voltage = ?”w 7 Verns

From the olecirical characteristies s ratng Yim ™ 15V

o

Thus, ¥, = w15V = 2121V

1
b

eV b4 . vy
Thus, Visewmsovolings ZX ¥y

Y, snaxReverseVoltage s 2i1%olis = 47 42%

This rosans that the maxiommm voltage above which breakdown may Qocuy causing large

current to flow in the reverse direciion therghy damaging the dinde is 42 42V olis,

The INAGDT rectifisr dinde hgs 115 M MUN ¥EVEISe ¥ pltane as given frova the datashest

Thig value ix lgrger than the maximurn roverss voltags ouh

dendated above angd this foghurs

mabes it suitable for use in the project cirout.

R3S AT

After tha rectification cirouit, the we vetorm of the bridge e ctifier ix ax shown m Fig. &
45

15Y a

¥

Fie. 3.3 Wavelform of the reetifior

18




2.4 Selection of g vegulator

The voltage reguired by the olrouit is 12V DO supply, thog the voltage regulator o be
used in this protect is taken from the T80 geries regudator, specifically the 7812 wvoltage
ragulator, This is because it takies whatever wput voliage given to 1t and produces a constant 12

2C supply. Therefore, the 7812 15 good for handling the 12V cirouit. The following reading are

given from its datashest

s The maximum supply vollage 40y

s The maximum soppdy cterent 154

3.3 The Comparaior Cirenit/ Sensor Cireuit

L.
‘g iv S
100048
. j s 13V
1y L
T e )
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Fig, 3.4 Diagram of the sensor/comparatey cireutl

This is responsible for olwalning voltage signal from the wmperature sensor device and

somparing 1t with the reference voliage signal gotten from the voliage divider of two resistors

Py
[




connected in series. The comparator clreoit i design using OP-AMP LMISE which is shown m

the Fig 3.4

1t is configured i non inverting configuration, the reference input iz setecied 1o beo hall

£ the supply voliage sad one of the resistors i potential divider mode is ¢ hoosing as 1842 and

the other 6 calgulated using

The temperatire-voltage eguation For the OPAmp s ghven as)
Tempergurs { "0 YVou ™ (1060 "0V
The estimated minuum heatl termperature o five is given a8
{0 Fivems = 6071
Thus, the vollage the tgmperalury so0SGL (L8435 i given as!
’ o X 3 i foe

{ oy Fire(ming
100

Yout =

Thus, Vo = 607100Volts = 0.6V

Hence, the implication of this is that the voltage coming out of 1 e valtage divide of ihe

rours resistors R and R2 showiid be §.6Y.

Ths, Vs 5 e Ve = B85V

Had iy &

Therefors ;»ff:w » 12V olts = DAV
o 74

fxied

b
gl



Theretorg — b = o 3 34
Roif, 12

Thergfore e 3
10804 ffg

Therefore By=3252
The following constraints are required by the LM358 Opesational Amplifier

o input corrent should not be less then 1.00mA
s Input voltage should not exceed BOV
Choosing value nf R1 and R2 10 be 100080 amd 288 respaciively,

s The current input to the OPFAmp wonld be

- Ve 1E -
Tapit Curpent ~ oot o e = G0114A = H4maA
RI4RZ 10BZ

Which is in accordance with the conditions described ahove?

£ > PR R’,? e A . e
#  Also, the condition Pl {3057 I satisfied
(&1

Hance B o= 1000 Chims R = A240uns
3.4 The delay cireunit

The delay cirouit in this protect consists of the following components:
Y P £ §

e The NESS3 Astgble Muitivibrator Circuit

s Two MODIG counters {TT4017)

3.4.1 The Astable Multivibrator (NESS5R}
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Fig. 3.5 Diagram for Astable Multivibrator

Y

Fig 3.5 shows the connection dagram of the NESSS gsiable muluvibrator clrenit

he oircuit as dhiywn halow are

A
¥

Phe subonmiponents of &

Astable 535 mubtivibrator tirmer cireuiy
Two extemsl resistors (BRI and B2}

Ome external capacifor {01}
The required corrent and voltage ratings of the mullivibrator are given as shown:

Rapply voltage = 12V
wply cusvent = 124

& &y
Crutput voltage drop = 2.5

Pl
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T1 = (R + Ry x &
And T2 = {R2) X €
Charge time 15 given by
T1=0693(R1+ BEY X & I T OO RO PPP PR (3.4}
Since if passes through B and B2 10 the €

[rischarge time is given by

i

et

¥ 4
Veas

T 0693 X (REY AT :
Since it passes through R2 only.
Thus, the total period (5, + £y} i5 given by
Tialy =, + Iz
=GEOI(RT + 2RRBZINE L {303

F{Total Frequency) = 1T

1
0.693{ BT + EXEZIRC

fovent
o]

Alternatively, instead of using the caleniation methud as desoribed 10 eqn 3.3 ghove t©
determine the safe values of Ry, Bp and L, she graph as shown in fig 33b can be used,
Fig 3 3b shows a graph Uinsrating the safe operaling vaiues for {0 given a particular

runaing frequency.
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Fig. 3.6: Safe plotted graph of Yalnes for 335 timey

The disgram gbove shows a graph plot for obtaining the values of Rand O to obisiu safe

working dats epvironment for the 533 timer civenit. From the ploy, & given reguired runming
frequency of the timer is traced on the X gxis and the appropiiate capacitance and reststor values

are gotten from the graph through the disgonal tines and the vertioal {v) axis reapectivaly.

in this project, however, the delgy perind o mning on the sprinkler after the fire has

been observed is 640 seconds,

To obiain 2 ! sumber of 60 clock pulses from the multivibrator in approvimatsly

60sec, the 335 Himer mnst have a peviod of
T {Period) = Slsec + 60 pulses

T {Penody = feeo/pulse



Thus, from the formwala o 3.4 and 3.5
T (Periody = T1+T2 = 0693(R1UF 2RIy AU RDUURUUPENURPRPN ¢ 3
T (Pertody = T1 + T2 = G.O93{R1 + DRI =L = isec/pulse {38}
The conditions for the values of the R and C are given as follows:

o { must be preater than S00pF to avoid avy stray capad A

s R and B must be greater than 1K each to gvoid damage dus o over current

¢ 21 oand R2 must be loss than 3.3MO

2 Also, the load current on the 10 is about 10mA
Thus taking values of R1 = 10k, R2 = TOkL, o Hpl

The formula 10 give the desired total perind s obeyed, and the conditions stated for the

vatpes of R and £ are obeved.
Thus substituting the values of R1, RZ and Cin the equa tion 3.9 and 310 above, the

arge BTE GEVED 85

== 3 GO IOK + TOKY # ouk

“

= 5693 % (80 % 1073} % (107 1076}

’;”j;),{,bf:’zq\ == } h ‘) 2{ i{"" \§ {, ......................... e T I { 3 . E O\}




The figure 3.7 above shows the ouipat voltage waveform of the sstable mul tivibrator,

yoltage{V

& i M‘“l "””” Y T T e
. - o i -

Timeit}

_—
v

Fig, 3.7: Dutput Waveform of the Asiable

The wavefarm of the voltage output of the capaciior of the astable multivibrator 18 a3

Y

shown in fig 3.7 below,
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The figurs below shows the voltage output wavelform of the capacitor {C) of the astable

awbtivibrator, The waveform is g sawtonth wavelorm becaime of the rising and falling nature of

the voltage in the capacifor when connecied,

Afrer the astable multivibrator has been setup, the measured data laken with voliameter

and MnMEeter ars given asl

e Sink current puiput from NESSS = 18%mA.

# Yoltage output from NESSS = 121V

Thus, voliage drop = (15 12 =29V,

)

3.4.2 The MUOD-11 decade counter {UDB4817)

SA0R0

P

»

i 7
CT304T CE0LY

f L 4 3 14 o

i3 B i3

Fig: 3.9 Disgram of clock pulse generators {Two CDB4817)

The input voltage from the CD4017 is equal o the culput voltsge from the NESSS wmer

which 15 egual to 12 Tvelts fron measurement,




Sapply voltage and current to the decade counter are given as follows:

s Nupply Voltgge = Vo= 12V {at pin 16}
s Auppdy Cwrent = Lew $imA

e DMuormal operating termperaturs = 26°C{room temperanre}
The pin conpection of the CDAGTT umer 15 g5 shown

s Pin S Anoutp of the counter {05
e Pinid and Pin R connected 1o ground
s Pin 14 Input clock pulse 10 the counger

e P 13 connected to Ground

Since 35 s the 6 output of counter U1 the number of pulses 1o be supplied 1o the fnput

of the first counter {CD4017-01) for the output Q8 {of Ciy to go high again i

Lo o

= 10 Clock Pulses
The rmamber of clock pulses reguired for the ouipat of the second vounter (U407 705
10 b bugh gt O i

=6 Clock Puls

From these two caloulations, U can be seen that the tosl number of pulses which should

-

be produced by the MESSS astable tmer circuit reguired for the cutput of €2 to go high at pin 3

= 1 clock pulses = 6 glock pulses = 60 clock pulzes

2




which when muliiptied by the period of the cironit gives the required delay siming for the delay
{irouit.
T {Perind) = 60 sec + 60 pulses

1 Sseo/poise = Delay Period = &0 pulses

Delay Period = 1 secipulse » 60 pulses

.................

NS R SUUOOr A STEEe S L

Fig 2.2.1: Thming dagran ot & mnd-10{decade}
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3.5 Sprinkler/Buzzey unit And Civent! Breaker Unit

3.5.1 Besign of the relay driver siage

The relay deiver stage conust a2 protective diode, BPST (nommally close} relay, NPN

transistor. The wransistor acts as & switch that controls the relay coil curvent mgen 1o energize the
kel

refay. Figure 3.2 and fig 3.9.2 on next page shows the relay driver civoult for the cuouit breaker

and sprinkler svstem,

The relay selected 15 an SPST {(normally close) velay of rating 1240062

The current the relay must draw 1o be ensrgized;

37
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Fig: 3.9.2 Diagram of ciroull broakey
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3.52 Flectiric Water Pump

Fig: 323 Diagram of Sprinkler/Bureer Unit

The water pump 18 2 mechanical device with an inbuil clectric motor which produces a
rofational motion when there 15 signal input voltage to is input ferminads, This signal causes 2
sotational electromagnetic motion which causes its tsterual rotor o run thereby pulling water

ater supply 1 spray 1o the area It is used 1o incorporate g sprinkler which is used as the

rom awaler s

firg-contbater in this project. The relay used here 15 SPST {nosmally npen).

Let’s deternune the value of Ry (base resistor) that ix nsed to set the curreny wsed in

oS

driving the fransistor info satpration

Lad
ooy
oo

Yop© YV + eflp

Rod
2

fow by lp
Where, Yap = 12V (putput voliage from comparator when HIGH)

Yo = Voo

31




i

-

» = 30mA (the current the relay must draw o be energized)

Z0wma oy g o
i}} = m;"‘"u = 5?3;’1;‘3

We will choose In 1 be roughly double of the caloulated value to ensure the transistor
stays in saturation and allow enongh current to pass through the relay coil in order s ensryized

when the temaperature persist gnd to switch on the motor snd buzzer |

Choosing, In= 545pA

- ERALERIN S oy o
Ry w2 23 TH (3

S35pA
Ry is chosen to be TKE, a standard rosistor of 5% tolerance.

The project circoit design shown in fig 3.9.1 below shows the oversH cirouit schematic of
the entire project with the sensory wnit, the power supply unit, the delay unit and the circul

o
£
H

breaker unit all connented wgether 10 perform the task of awtomatic fire detection,

w
N




iy B

i S

(&

T s TTReompe

Fig. 3.9.4: Antomatic five sprinkder systom with delay and breaking civenlt
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CHAPTER FOUR

TESTING, CONSTRUCTION AMD DISCUSSION

4.} Intraduction

This chapter contaius the construction of the system hardware, and testing of the sntire

syster and also the casing of the entirs system hardware.
4.2 Construction

The svstem construction was achieved by first placing the components emporary on the

breadboard to actuaily test the system hardware, after whick all the electrical component makeup
of the project circuit was Ister transferred 1o the veroboard and soldered 3mm wires were used in
the wiring connection of the project, The ciroult was then cased in a black casing with the
temperatore sensor brought to the ouside of the plastiy cesing. The sprinkler system was
constrected using a small 0.7W water pump with g nozzle for the sprinkle waler o the cutside
This was placed on the plustic casing contgining the project circnit. The plastic casing was
painted black using g brosh color paind and 2 tube outlel to the spriokler system was provided
enable extension of length

4.3 System Tosting

The system hardware was tzsted by placing the built fire detection and control cirouit m g
caged environment and bringing out the cond connected 1o the sensor {0 the outside. The sensor
was shove the water sprinkler and shielded from the sprivkler {0 prevent water from affecting it

The sprinkler system was connected 10 8 feed water tank which served as the waler supply. The

cireuit breaker was conngcted 1o control the mains supply

34




The procedure for the testing of the Fue Alwm Sprinkler System was carried out as

described:

3

s

i

&,

Water was fed info the water sprinkier tank ol 1 was helf full of water 1o activate the
water sprinkling aclion by the sprinkler when needed.

The two external cirouit breaker connector wires from the prolect cirouls were carried out
ared conngcied o the test bulb to dlustrate the civouit breabing action, Polavities were not
considered during the connection.

The external DU power connection wirss were carried out and connected to a 12V 1O
voltage power supply with the posttive and negasive tsominals conneoted property.

The project oircuil was now setup. A pressing iron was placed near the bheat sensor, and
after 2 while the bulb tripped off This indicates that heat or fire 1s being deteciad.

The pressing iron was withdrawn from the heat sensor and the bulb tnpped oa again. This
ndicates that the inttal detection was mersly g false alunm.

The pressing tron was now placed near the sensor sgain for gwhile sgain without
withdrawal amd for about 60 seconds after the bull switched off) the sprinkler was

activated and began o sprinkle water over the area.

44 {asdng

This ts the final appearance piven 1o the system hardware. the system clrouit was housed

in a plastie casing with the followang factore taken into considerstions

2

Rpace necupied
Allowance for heat dissipatinn
Ease of wisidation

Thermal comstuctivity

(e8]
W




Pertability of the project

The dimensions of the casing are.
Height= 10om
Lengthom

® Width= 6o

The veraboard was serewed on the plastic casing.

e while the chrout byeaker 18

The control pirouit is attached tC 8 woard placed in the by

connected Lo the mains supply v of the house, The waler sp sinkler snd heal sensing unit is atiached

1 the area of the house whose fre s o be dedecied.

The conneotion diagram Hhustreting feror the Fire Alarm Sprinkier system ix connected and wired

case i as shown i fig 4.1

«a

.,

SN

/ HEat SEnsor
#u‘

. Wire connected 1o Project ciypit
-~

i

Fig, 4.1: wiring the sprinkler cireuit
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CHAPTER FIVE
{T(}N{f'i{;ﬁg?(}i\i AMD RECQ&’%&'@ENi}f-’fﬁﬁﬁS
& 1 Introduction

This chapier shows ihe conclusion that wers drawn from this project, somo of the
Honttasions thet were encounter i the course of the project work and slso some recommendations

that could be usetud 1o the progpeative dosignet of a project of this T¥pe.
8.2 Conclusion

The design, construction and resting of the firg detection and control gystem with delay
syatemm has been suecesstully carried oot a3 desoribed, The prumary otjective of this project was

so produce & lEmperabie detzetor chroutt which et deteot the fire, walt for & period of 60

seconds 1o ensure 1t 38 ot 2 false alarm, and wigger 8 sprinkler pump and circult breaker 1o
atiempl to conirol the fire. This was schieved by using a delay ciret interfaced 1o the

femperature Getecior cireuit 5o as 10 providea defay timing after which the fire control system is

setup.

~

This project s of great significance to the world in that it enables the saving of Hves and

property from fire outbresk to a veasonable gxtent.
3,3 Limitation
i The watgr sprinkier systeim 1s 2 [ C motor which may bt he otatly efficient in conbating

the sourne of g cwathreak. Also, the water sprinkler is not rotatinnal so it only attempts 10

combiat the detecied fire in o peographival 8 yread only.
Do g -
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5. The system’s operation is completely dependent on the presence of hght {electricity). Thus,
the system doss not operate during power failure.

i Therz is also the problem of interruption of power supply during construction,

) As the delgy timing cireult is fived and not adipstable, the system can only be used in
geographically large fire monitoring areas where the delay timing of 60 seconds wold not
be enough o cause a maior fire catastrophe,

v, The timing attitude of the praject is carried ont using digital decadde counter devices, thus,
the use of A voltage 1o power these devices may sause waccuracy in the timing hehaviar

of the cirenit
5.4 Recommendations

b Futare work can be done on this fire detection and control system using a smoke detector,
A prachicsl fire extinguisher should be incorporgted in the systen

% There should be the provision of a backup power supply during iderruption of the PHON

{power holding company of Nigerig) supply,

"
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