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ABSTRACT 

The desiqn and construction of fire and S1'noke alarm SV?5terYl is descrihed 
~ .. ~. 

This project report is intended to produce (v.;o uutpu!s, VAlich depend:5 on 

the temperature of the sensor device (therrrwstor) and the hiOh resistance of the 

The thermistor here is 

to the probes digital nlultirneter, the resistance of the thermistor increase as its 

temperature increases, thereby causing it k) approach the set trip value of the 

VVhen the thermistor resistance becornes more than (he set~v81ue of the variab1e 

resistor or '.vt1on the photoee!! resistance becomes higher than the set \'aiue of 

the variable resistor, the comparator output s\vil.chef' to a high output slate and 

The output of both oscUators r)W fed througl-1 transistor arnpHfier into the 

relay to energIes anrj give an f1ud:() a!ertng output sign<.-)! from the speaker. 
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CHAPTER ONE 

GENEAAL olNTRODucrlor~ 

'1.0 INTRODUCT!ON 

adopted such as s!,:-;vcs fire watch()ut ~n:cn adopted in Horne and other means cd 

alarms, extinguishers etc. but. despite the use of these rnodi2m methods of 

mendous!y as years go by, 50 is increases in liv{:'s lost and propc:rty destroyed 

The same effects srnoke c-Bused, in fad recent :-?,IudiBs sho'.!! that 85% of Hves 

lost result from smoke more than are caused bv burns, faHs. heart~attacks and all . . 

other causes of death rdated to fire 

Firemen are harnpered in their reuse ath-:mp!s by smokp tire as its make !t 

difficult to \{)cate and effectively combat fire L:<p!osiof'ls occur as the result of 

burning materials properVes that's the reason :'A1W hrernan break. out >A1ndo\'IiS 

and chop hah2 in the root to viJnt the smoke ThGre are many factors to be 

considered when exploWng the potential for fire .. safelY HI a structure Therefore, 

the ability to integrate fire-safely and security capabilities into 8 tala! system 

aHOV'lS the design to provide maximum pmtecUon fer individual and properties in 

-;, h'U::r<'I"'f~ 0- w ~~· .. n ~8' 



. "1 METHODOLOGY 

The aoproach is to first consider each element the circuit on .a descriDUon . . ~ 

:)2tSe's in order to provide a clear understandinG and intuitive finds for the design 

obta,ned the physical insiqht ido the operahon of the circuit, 

and smoke alarm system, conclusion and recornrnendatinn 

diagrams and graph are provided ·'('·..1"le10 ncccssarv 

The project v.tite up is divlded into four chapters. Chapter one introduce 

tr'le project, c(}ntains 8i1'n and objective, Iyp,;:s of detectors v .. ritl: Uef8fUre n:;viev.; 

Chapter 'r\vo gives generai analysis of Hw proy:d des,qn and caicu1ations 

Chapter Thrf:e, shu'Ns the desi~lf"\ construction work.s, !esUnq and \rouble-

shooting and discussion of result. The fast chapter (chapter few") contains 

conclusion: recomrnendatiun and refer croces. 

12 AIM AND OBJECTIVE 

I.e. (no false alarm), 

The objective is obtained by usinG the intes! electronic components and 

1.3 ECONOMiC iMPORTANT 

The economic importnnt of this design is to savo cost n cost tH.-:low 

N2,50Q.OO to desiGn and construct boHl fire and smoke (ietectin9 system 

(reference to page 45 fo:' biB of rna!oria! and quantity) >,<.;her8as, from researches 

carned out at the fore station, on imported fire anej srnoh.e detector, cost vlithin 

together in thw project design, cust below a price lor a Single ddocUnq systern. 



.4 UTERATURE REV!EW 

A protective sign~.j~ystem is desig[)rd LJ accornplish some objective 

One, to ak:ni the occupants of buHdinp of hre outbreak and permit prompt 

evacuation of the prernises. 

outbreaK" Thirdly, as a cornprehensive alarm systfm\ is 10 monitor autornatic 

exHnguished [acinUes and siqnal failure Lastly, an /\lann systern !s to mCH"1itor 

buiidinq fundions. hdustria! Dfocess and si(w!al <emv C1<:.-H1QerOUS D1ace. such as a .... . ~ .';:j / '" ! . 

boHer or furnace f8ilure, breakdown of electrical or a,r<;onditioning system. 

!\!anning system can be ciassified as mW1u21 Of automatic, depenfJing on 

their scopes of their function. 

Local Alarm system often house separate fH..ixdmry systems to n~)tify the 

fire outbreak by rr1e2ns of signa! carr-led over '.,.'"lire lines. 

Over the vems, man'y' different i-;;wvh of fb:: and smoke detectinG systerns 
~ ~ & 

have been designed to combat fire (lij!·break. But despite aH these 

technological fire and smoke detecting system, the fate at vvhich f1re cHJtbreak 

occurs increases trernendotls!y as years go··by "One is nov/ left to ask. if these 

The ans\,·ver is "No". The truth is that, these detectin-g systems h8ve 

the detecting systems can be attributed 10 the cCf01ponents used in the designs of 

Vilth the modern eiectronic components and advance lcs. this pro,ject is 

design using btegrated circuits !es, photo-corlCluctive coB, FC21M2070, 

Thermstor, vvhich is an advance - ilnproved thormis!or, He!ay, etc for tiv:: d.]si-gn 

and construction of this project v\!ork. 



'1.5 DETECTORS 

These am devices 1n fit'e --a\ar1"nln9 systern that inforrn the control unit 

about the presence of fire or smoke in 8 budding. An auh)rnatic fire f}lann 

initiating devices can bfJ actuated by heat, srnoke and flan:e radiation. Tr1is 

forms the basis for classifying trw operational ·-principle of these alarmiry 

svstern. 

1.5.1 HEAT DETECTION SYSTEM 

This detection is the oldest tvp··es of autornatic S\fstem, thennostat s used / J 

for the construction of this system. !t operation by setting the tilermisto( to :J 

certain fixed temperature 'Nhic11 triggers off if that temperature is reached or 

exceeded. This detector ilas tile lov'fest faise ~8l8nTl rate out of an fire detect.ors. 

but :t's the slowest in detecting of fire. Heat detector has am best suitable for fire 

-detecting in a sn::all confirmed place, V\Jhere rapid fire v·lih high h:::at odput al 

expected. Heat detectors are the cheapest detectors out of all tire --detection 

systerns. 

SMOKE DETECTiON SYSTEM 

These detectors are more costy than hsat dfltector but provided 

considerable faster detection Urne but subsequ~1ntly, highfJf false alarm rates. 

Smoko detector am used in place where materia! stored are likely to c:reatfl muc h 

are vetJI; t:'fk'cHve for IIfe··safetv aouHcaUon but abo rnore d1fficuit to be inst.alled in 
..... !" 

areas wnem air current mir;ht affect trle direcUon of srnoke flO\v. So therefore, to 

lnstai! srnoke detectors engineering survey work have to be done to deterrrnnc 

the effect of air ~·velocity, ventilation, EH -condltioning facilities, Existing dust or 

vapours th8t could Bffect the~r operation 



The detection should be installed w; areas '.'{here high vG!uc is placed to 

detector opera(f;?S '.,.vithin seconds of fire 

generation to alert the occupants 

1.S.3 FLAME DETECTION SYSTEM 

Thesf!.' detecUon operated by principle of <> iinf~ of s!qht ". They rnUSl siOht 

of fim before an a!ann is raised. F!arne det(-,;ctors respond to change of Hgr:t 

intonsity vvhich is caused by the flickering of HarT:Gs. It has a unit that measures 

variations in 'h'ire tension as a result of heat expansion. t>..lso, it contains a 

balance (\!'v'tH::at··stone bridge) circuit in which products cr cornLusticm bring about 

fast impedance changes that. urset HlP baiance of the circuit (0 trigqer an alarm. 

Detection tinm of Harne detectors is Qeneral!y rneasured in ,niHisf:conds from fire 

Flame detE'ctors are generally used In rHgh n;:·)tura! situations such as: fuel 

loading platforms and de .. !oadw!g f11!ing stf'lUOr'S. And other places with hazardous 

atrnosphem in \,vhich explosion Of rapid nre may occur. 



CHAPTER TWO 

SYSTEM DESIGN AND CALCULATIONS 

2.0 !NTRODUCT!ON~- The details analysis of the Desiqn and theoretical 

principles of the c:rcuits, the components used are extensively discussed in th,s 

The design system comprises of pov!er supply- unit, control unit 

Alarm unit, ;\rnp1iY!er and He!ay 

C' 2'~ r3' I'd' f (Speaker.) oln c!g .,\J!: iOCr\ lagmrn 0 ' ~ 



2.1 POWER SUUPPl Y UNIT: The systern is desi(Fled to receive its initial 

power supply from an A.C main supply. Th pchver supply unit converts the a.c 

voltage to d.c voltage of Ule (jesigned vaiLH:,? Tt-lis unit supply thE: requifB(j d.c 

vo!tage and current v/!th !O\,'/ !eve! of a.c ripples, 'which filtered by the capacitor 

and c(~rrect regulation tc; grv8 the exact vc;ltage mquired, !rresr)8cJive of the 

flAa: Transformer Rectifier Regulator Pure .DC 
50. 

p 

Fig 2,1 Block diagram of a main D C system 

•• 

7 



1.3 FULL~WAVE BRiDGE RECT~nER 

In this project Design? fu!!··w~vo bridge rectifier is used because we 

achieve both face of the input voltage \NithQut a tmnsfonner \vith the ~Jse of four 

diodc,'Nhich make it to be more cheaper and lighter in wdght 

Four diode are used in p!acf: of transformer to achievf~ both face of the 

am one cn and diodes 0:.; and 04, am oft Or. the other hand, when Vs in 

negative, diodes DJ and D4 conducts while D1 and D? me ofC 

However, when Vs is positive, the upper terming of the load is connected 

of the upper terminal of the source, and the load vo!tage Vt foHuws Om input 

voltage Vs. while for negative 'Vs supply, the upper tenninal of the ioad is 

connected to the iowm terming of the SOurcD, 50 that the load voltage Vt foHeviS 

-Vs 

rig 2.5 (a) ruB-wave bridge rectifier circuit 



2.3.0 RIPPLE nl TEfUNG 

The a.c cornponcnt of tho output voltage can bB chti,actml;rsd in tmms of 

om be reduced by increasing the He time constant, thereby decreasing the rate 

of decay of the load voltage and deCfe8sing the dl.uation of the conduction 

interval. 

Capacitor value must be large in order to present a small a reactance as 

possible to the pulsating rectifled d.c output 8\\(1 to store sufficient charge, 50 as 

to maintain current flow in the load during the period that rectifier is not 

conducting. Capacitor of IlHlfje1000pF is used in the Gonsirudion to the projed 

\1 
\s 

f--~'-""""'-"-

·f I 
... -...., 
0./) 

.,.. 

l~{' --_········i·················_ .. _- _ ... ___ ._._ ... ! .............................. J ............................. ~ t flY', (:. 

I ~. r-, 
1 l( "'\ / \: l ;" \ : 

L,-,I,II..,I----~t:rn ~ 
b. Output wave form of the filter 

\4 



2.4.0 VOLTAGE REGULATOR. 

An unregulated d.c pO\"/Gr supply may be r!dequate for some applications 

but, there :s oftc~n a need for the supply vo!!aqe !(} t)(~ constant {good regulation) 

as wen as having H low 8rnplitudo, that lS the reason for usinp VO!!;:·lge regulator. 

so that, a constant voaago supply is produced (eQ8rd!css the load vanation or 11"";e 

input v()Hage to the povver supply. 1\ block dnynrll of a vOltage requhtor 1S 

shown in Fig 2.7 

Stability factor (s) for a v'oHage regcdator is a measure of the effectiveness 

of tho rGgu!atof. The stabillty factor is given as 

s:;;; 'lout 
V~n 

CLOOS to 0.002, s should be in practice. !\nd 1he output resistanCf: of the 

Typically, Ro::::: Vout for c:c}nstant input vo!!aqf..'l. VVhere, Ho shodd be less 

then 1ohm, sometimes, considerablY less 

There are diffE:;rent types of voaage regulators (line 3nd s',,'V"itching) They 

zener diede or by an :ntegrnted circuit. 
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Power supply circuit 
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2,5 CONTROL UNIT 

The detection circuit comprises 8 diffEnential voltage comparntor 

LM339a1C, two tranduscers, which are thermistor and a photo resistive cerl and 

an Amplifier 

Vic THERMiSTOR 

VOLTAGE j' Ujp l __ ["································j 
,..,..... 'Y' • I' . (i r~) , .. ,)MPARf>., (,R Aff'phf,er f ............... il· 

,.._.·_-_ ..... _ ............. , ... ; .. p .. ) ..... l __ .. 2~~~~~:.~~~ ............. ·"CfPt ............................... ..J 

!iP ..... -1 .. 

Glock diagram of the fire and smoke detoctor circuit 

2,5. i THE THENUSTOR 

Thermistor is a transducer'Nhich converts Heat-energy io Electrical 

signals .. A thermistor is a setni··conduclor w'hose resistance varies ns Uv..: 

temperature changes .. The therrnistor used in this project is FC2'1M 2'10 I\s 

almady mentioned, the thermistor is used as a control device \vhich actuated be 

changes in temperaturo. A labmatory rr1eDsurernont of roStstance variation 

versus temperature V-laS effected to enat)le proper desIgn of the quiescent 

()perating point of the bridge<ircuit The data coliected !s given in table 2.S.1.1 

and the ensurinn qranh in fiq 2.5.1.2, Hw Genera! !ernpera!ure Versus resistance ~..... f"'" '.' .. " • 

relation is of the form. 

Ro and r~o are resistance of To and T respec!iv'e!y 
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Resbtance {kU} 

I.?O 

40\) 2Gb 

230 

50° 

increment in Hesist<:.~nce{{l) \h.HSUS !ncn::mse in ten:<)erature. n~>l Tabie .. • f'"... .. 

THE PHOTOCELL 

o~~c,t,., .. "<v'({ur·!l·ve "'I:-"'P ;s ';) '-0!"1; '-'on'd, jf·,tor l:(,h! "'P!·~<';()'· "'<-~:(+l OVn('~'·;0>')['''''''--r ~.v ...... ~ ~""'~.M's1\.A~;' ~ ........ ,.~~.)..,A ~ • ...,! ~" ...... ) .~ ...... ':':j~~~ '~':""" ~ ... , ~: 'l';~,: .. , c, ...... t-".~:~ .... d ....... V~ 

releases charge 

carriers in the rnater:a!, th,s causing a chanqe in ,rs cnndudivdy 

depends on the intensity of i!lurninat,on read:inu the semi·conductor rn;;'lterial. 

Tf11S semi-conductor can also be called 1.;!-,oto-re:;isllve-ccH ()f light dependent 

OLltDUI. siena!, \Nhich is a current V8fif)S " .. nih the· lntensilv of d;urninat,on A t'y'pical , ~...... ''/. 

cuB varies in resistance from about 4 (JO!, :~ when the ceO is under strong 

T118 photo cdl bridge c:rcui! is the same des,pn as thai of the then-nistor. 

!3eh.J\N is the technical specification of phot ·conducHve ceil 



TECHMCAL SPENlFlCATION 

Ceil resistance at 10 Lux .. , " .... . ... . 9!<'ll 

CeB n:3,stance at 1000 Lux. . ... 4000 

.1t,,10 

f'.>1ax .voltage d.c or ac peale. .320V 

2bOnNV 

Typical resistanci;: rise tirne '" ... .!dms 

VOLTAGE COMPARATOR UNIT 

reference voltage VreL Vvhf:=m thE:: input signal e>.';ceeds the nAerence 3:qn81 the 

output of the cQnpawtor, \lout changes from It.S v8lue. 

therefore a tVii) inputs, one output voltaoe comparing deViCE:;:} th~;t is capable of 

high input resistance and !ow ou!.put \fJhile this may be taken as thG dt-:finWon or 

of the areas of application of op-arnps (>, comparator performs he tdhwing 

functiDns 

Detects tvvo in pul-voltaues 

Provides an output hnt has !'./;o d<scre!e sli1tos. 

supply '.>vHh a cornmon ground, thus enabling th: output to sV"ing Gither to 

positive or negative v;ith respect to tile ground Typically 11 gives a voaage gi3in l\. 

19 



siqr\8!s are conc881ed out by trK! ddfcrenh:·;l out uxne d arnpHfier The output of 

be circuit is proportioned to the diffe,ential sigt;81 b:::'t0/(;'cn H:<.' lnput and d.:.:; 

given by. 

\J\{here~ 

f\) ;;; the open··ioop of thE::: op ···amp. 

Vf'< ~:. the input slGna! at the ncn··inve:!:ng (urrrnnai 

THE LM339 {QUAD OPERATIONAL AMPUEIER} AS A 

VOLTAGE COMPARATOR 

The LM339 is used in this project as a d:ffemntinl vo!tapc comparator 

clrcuit, (m the basis that, one of (h.;; inputs is qreator or less th;:1n 1t1t3 other. So 

input voltage i.e reference by fo\,v hundred micru·voits, the uutput lS dr:\-'en into 

negative input voltage by fu\ver hundred micro-vc!lts, the output is driven to 

negative saturation 

The rnapnitude of the differenhal lnput voildge dic\21tes the rnagni!udo of 

the outnut volt8GEL So therefore, an absuluto vDluc o\" the input vGHaqe is of v ~ . -

shov·,.:s (he transfer charactedsf:c of a different18! voltage C(H:varator Cl(CUit 

2(j 



Fig 2.9 

2.5.4 AMPLIFIER 

fie1d effect transistor (FET) Irmt are biased in such 8 \vay that they amplifies 

Amplifiers can bo dassifed on the functional as voltage or pov.,..'t~r 

arnplifief. 

their normal operation 8S /\udio frequency U\F) and Hm1!c} freqt.wncy (HF) 

2.5-4.1 CLASS A AMPlifiER 

This class of Arnphflers have their B8se Lias \ta!uo. So C!",osen that: the 

amplifier (output} current flew through out the enhe cycle or 3(;0 (l . They are 

s,nce: they have thf~ 

2l 



2.5.42 CLASS B AMPLIFIER 

current nows durinq one half cycle of H1C' :rlout \vith the 2.ero Slcq-1S! input the 
"-" ~, .. } 

CO!klCt<;X a current is aimost ZGro and HUN on!v durinu the tH)sitive half cvdes of 
" ' • .!)"- .J' 

2,5.4.3 CLASS AS AMPLIFIER 

class A and class R Here. thG current nows for rnore than 1 mf! 

2.5.44 CLASS C AMPLIFIER 

in this class, the Base is biased in such a V"<!3y that, the curren! flO\NS In a 

way that collector cum:=mt HClWS in pubes of less then une half cycle i.e coHeelor 

p,mpHfiBf and It a1lovvs the greatest A. C powl}r output but viith more distmton. 

2.5.5 TRANSiSTOR 

current Ho'¥ving between hVD of Its tem1~n8!s (':;::11"1 be conlro!!ed by siqnal on the 

lransistors aV8l!ab!f:. but the\! can be effectlvelv be qrouped into lv.:o. 
,) " .... , 

The bipolar funct:on transistor (HJT) 

T'he j l''''''p'''}ar "'<f (;,"'ld 0ff0C' ~r"'n"';~~'''' {r· FTi .:~ ~ ..... ~~: ~ ...... ~ \ ..... ~ ~Sl;; ... , .. w .• ~. ,,,t~, (:J: ~~s .. ;o~t"l:~, .. , } 

THE BiPOLAR FUNCT!ONTHANS!STOR: This tr8nS!stor !s a current 

operated devicf: It 15 a three· layer ser"iconduc!.or devicn that h0S Hlrec' 

electrodes; the Base, the Coilector and Hoe Erni!!er. 

There are b.NO types of transistor 

') " 

.. ~ ,/~. 



oper abon. 

The Base c{)r11fols the fbvv of electrons from crnitter to c{)i1ector 

The c01l8ctor coHec!s the electruns 

However, to understand the sirnple oper;:.'ltKHl of the devicf~. it's on1y 

holes fx a p-·n·p device. For and n-p-n transistor nv:-~ electrons fkJ'N from the 

emlUer region into the base mgion and conlinuf's un !o be collected in the 

collector mgion-beCk1use. convent!of1a1 current fk.,'vvs ,('1 oppositf: direction The 

a,rmv on the circuit syrnbo!s mdic8tes, the fhYN of conventional current U1r(;ugh 

the device. 



Fig. 21 Oa. N·P··N Conventional CU1Tent P~N~P Cunvecton currenl 

Base f.Jase 
8 8 

(' 

r 

I 
• E 

p··t'>J.P Symbol 
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:L5.6 RELAY 

!\ relay is an eieGtromagneUc device 01' sold state device. It's in form of a 

~rwitch VA1ich changes in the input arf~ used to cun{w[ other dev!(x;s comFi'ded to 

its output. 

••• A relay b8sicaHy consists of 

The core 

Ii. ThH An:18ture .and, 

The return springs. 

current trom an extHma! circuit, a magnetic field is fenned .aruund the com vvhich 

is proportional to the in flovv1ng current 

This causes the armature (v/t1ich is a soft Iron) tD be attracted, thus a opening 

or dosing contacts am <Jtt<Jched to it at some point The systern iosses its 

Output one 

Relay nmma!!:'l have a timing integrating block. 'Nhich w! most cases are 

••• springs. Ti1is dett-:nnines the speed of cper<Ji!on /\ reiay n18y be ,3 normany 

••• 

opened or normally closed relay A normally upen relay doses when energized 

while a norrnaHy closed relay opens vvilen BnorQised. /\ d.c or BC contrel current 

Iron core is lamfnated 1(.1 reduce eddy currf~nt. This is done because of (V·iD 

reasons. hrst, Eddy currents have an um:jp.~:;i[8Lle heating effect and s(}condly. 

they slow dovvn the operating speed of the dcviCiJ 



Fig 2,1:3 Hel3Y dianram 

25.7 THE ALARM CIHCUIT 

traduces (thermistor and photocell) dntect presence (/ fire of snl0\\e, epart from 

Astable rnu!huibcrator. Ow:::> of the three Non '''S,t'!uSOK1ai osc.iHator (an inverter} 

.)(. 
,. .. <,,) 



2.5,1.1 OSCILLATORS 

OscHlators are inverters \\-1'lich convert d. C cur ren! to a. c Oscillf-}\or an; 

divided ink} hNO types according to their output vvavefcrrn 

8. Sinusoldal oscillator: thIs p:cduces pure <n~::' \V8.VC output 

b. NDn-sinuSOld8.1 (re!axaHun) Gscii1ator type it pruduc(=;s pulse of rectangular 

/
' .......... '\ /'"\ 

t \ / "\ 

/ \\ I \ 
! \ ,I \ { \ . 

I \ / '\ 
I \ / \ I ...... j \ 

\ 

11 I~-
J L__I L_ .... 

b a 

Output v-mvc fonn fur Loth type of csc:Hat<.)( 

a. Sinusoid8.! oscillator \N3VBform. 

b. NorH;inusoieJal oscillator waVefOnll. 

Types of non-sinusQidal osciHator 

L The monosiable 

iL The Hi-stable 

iii. The Astable ···rnu!U-viberator 

Monostabk muWviberator 

The monostab!e rnulHvibera\Dr or (onesho!) circuit produc(";s a rectar'jgu!ar 

output pulse in response to 8 trigQ8r s:qn.ai app!!ed to its FwuL !t i(:; designed in 

such a way that output pUlse is only produce each tlnB (fi~Ey:;r pt.JSf:: is applied 

Bistable muWviberatoL 

A bis table rnulUubrator or flip nClp is a circuIt hav;nq hvo stable states. This 

circuit v'/W remain in one stable state until a triqger pulse !s applied to sv,/dch the 

current b the other state. I.e it remf.HnS w! either state pc:-rnanenl!Y 
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Astabie rnu!ti~iberator 

\vave signal from t'NO identical ampliHers C1fCU1! cullected in a dosed loop, It has 

hvo unstatlle states 2nd \vill conbnuoushj change fron'! on,,: to the other to 

generate a square wave 

.. ~~--~~~~ .. ~ .................................................. . 

Alarm cIrcuit in astable mUltiviberalor nv)(je 



555TIMER 

Hesisiors, 

The cornparators in tfH) 555 time,' !e are usually operatinn8! mnplifiers that 

cor0.pare input voltage to th~ internal reference voltaGe, 'v"v't1ich are gencrated by 

an intern8! \loU8ge divider chBin of three bOOnre~:;is!ors The reference vultage 

of the compactors is highe,' than the feferencBvoHagf1 of the comparator, the 

ampHHN gons into salufaiic',,1 and produces an output siqna! to tri9f,wr Ihn nip-

flop \<klich controls the output state of the hrner. 1 he P!n«uut connections of 555 

Fig 2,16 



Details regarding connections to be :narje \0 pins 3,e as fo!!ov'is 

supply voltage 

'lAwn faHing below cne third V GC. 'l·A-deh causes the cO;'np8ratof output to 

P!N3. This is the output-pin and, it'::; c8pab!e of sinking or sClurcinq 8 load 

requiring up to 2001'01/\ and em, dnve TTL cor-cuils The oulpu! voltage 

available is apprclxmwtcly Vf.C - 1. /\/ 

PIN4' This is the Heset .. pin It's used to reset the flip flop n'la\ controls the state 

O.4V and forces the output !cv\,' .. n:qarcHess (A the slate of the other flip~n(}p 

inputs. 

device~tim;ng Variations. VA,1ct1 ir1 depen(h:ntly of the external tirninu 

mono stable mode. In f\stab!e· .. mode the V;:Yi3UOn is horn 'I. IV' to the fun 

value of the supply vdtage. 

P1N6: This is the threshckl lf1pUt It resets thf:' o:p .. nop and hence, drives U"le 

output lo',.\" if the appliEd voltage rises at)GW;, H1ird of the voltage applied to 

• 1" pont>. 

PIN'?: This is the discharqB pin. It's connGctc'cj to tile co!i8ctor of the NPN 

transistor. '.vll08 the t1miHer is grounded. Thus \Nhen the transistor is 

supply Tr-,e vcHag0-appHed many vary fmnl 4bV to 1 eiV. 



CALCULATiON 

THE TRANSFORMER 

The voltage fmrn the a.c rnains is 220··240 V \15 is the secondary voHagfj 

of the transfonner given that, 

VVhere 

From oqn 1 

from eqn, 2. 

\/, ::: output dJ .. : vo!t8ge fur rectificatiun 

Vn is escapade to be '12 \lolt therefore, 

.. , _ :.~ \j'l \ J -, n i'T) V"p "- X '>If.S.;,l " \, .. 

12\/ :::;2Vsp 
n 

::: j!J.fJ\/ 
~J2 

VLm s -:;; '13 volts. 

Therefore, a 2401 12V transformer is preferred. 

A bridge rectifier IS preferred because its a!lo'v'/'3 the use of the total 

secondary vollage of the transformer, Bndge rectifier D. type COO\/, 6A lC "vas 

chosen. 

The fdtering capacitor used for this desipn ;s 220()jJF SOV. The voltage 

~\'8s chDsen CC}{lsk.!ering the output of the rectifier 
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2.6.4 THE VOLTAGE REGULATOR 

Tr'le selected rE'9ulato{s for this project des,gn are/80S and 7812 

regulator provides +·5V for the Uv1 338 Ie 8nd 55:> hner 1e Vvhde the 7812 

regulator produces + '12\/ for the ... i 2 \lcd relay. 

26.5 THE VOLTAGE- COMPARATOR LM3J9lC 

Thenn[stor·-Bddqe circuit 

At 30"C 

For R
1
: R;30~ :::. 24.05kfl (resistance betv.:een (iND and output of HJ 

Therefore H8ferEl0ce vo\tape !,'\'/;"d;\ at the neqative Volt,JPe ,t;r)ut Pin 6. )\!)olv:no {j .. ~. ~.. ..? t ~ ~.~ 0.--' 

VOltage -divider equation is; 

24.J)5k. x 
(24.05 + 24) K 

H:H 
K;:H -+ R.1 

5V 

.', ") 

.l", 



\/g',::: t lOk ~ x 5V 
(1.70 + 1.S)k 

Voltage ~ gain A 

V<., 

\hr: 

Vr"f 

A 

1\ 

A 

.~ 

-::; 

~. 

-::; 

:::. 

the output vonage 

2AO\< 
(2.67 - 2.50)\1 

v~:: 

2.6.6 PHOTO-CELL BRlDGE·,CIRCWT 

Under illumination ROHP .. ::; 4000 ;;;0 AkO 

At Darkness Road :::. 9kn 

smoke- circuit. 



Therefore, 

\.fin-2 ;:; ....... --13G</L. X 
Heo] + F(\.::..:) 

{O 4 +l'j k x5V 
... " •. , ........ _.:.L:-:. 

(1 A +3) k 

At darkness, 

V\:'2 ;:; 3.8bV 

VoHage gain 

v·, ..... ---............... ~ ..... 

A ~ 1.78 

2.6J UGHT EMITTiNG DIODE 

From Data book. 

!U~D::;;: 2SrnA 

\1 
'-! (.(. 

V" ~:. ) .-40\1 

\lu ,~ ~';1 1 
J (~~ .x ; t) ~ 



R3 ':.:' 132 a liHle bit higher value will also de to protect the LED, There{orf~. 

preferred value is '1 CO.c~ 

2.6.8 AMPUFtER (SJ]jrRANSlSTOR 

\/;11;;; 1.5V 

18 c;;'! .9roA., 

VBC:::;: 0,6 V 

Therefore. 

::::::296ml\ 

2.6.9 ASTABLE MUTIViBRATlOR (555 TtMER) 

Rw :::10k 

UsinG voltage divider theorerTl, 

\hn: -. F\:...... Vv 
Hw ·!·H.l: 



Rn :::; HH},.YRli 
(Vee ~ VH :!) 

R, 1 ::.~ .~,J_:1...0.J.Q 
S··2.34 

Time constant T 1-1 (during the High interval is) 

Lo'.''.' -state> time interval C 

Period T 

;;;: 0'13 + 0.061 

Fmque>ncy 

F:::c J. :::; ~~L_..... ~ 5.24Hz 
T 0.191 

F ::::5.24 Hz 



v. Duty cycle is 

D ;;; 9.130 x:i 00% 
0.191 

0;;: 68.06% (i.e. For ce.O(Y:th of the CyCIE\ the system is tx; and for 31.94% 

THE RELAY 

Therefore, 

12V 

:';;"j2Y ~O.0338A 
355 

h;;:: 33.8Ma 

J7 



2. I CICRUn OPERA nON 

cornpafatof, using LM339!C·f. 5V \S ~;upphed to the V~·x. i.e Pin 3 of the opera!in[J 

Amplifier Ie 

lesser than the negative rek,'fC'nee vultage, ihis the output von at p:n4 ( O.04V this 

condition is at the morn temperature) v·/twn heat is app1iGd to the sensor, Its 

resistance increases with the increase in tempernture This c3Llsed R;? 10 

increase in resistance and more current flOI/iS ,nto positive input voltage pn9 

voltage and the output vona~Ji:: increases to ?AOV: lnqgerinq the alarm Clfcuit to 

produce flashIng vlsuaf and Audio a!er!Hlg signals 

The photo een cireui! operates under sirnilar principle Pins ,,·6,7 and ! of 

U\l13J9!c are used for this srnoke br:dge circuit H3 'Nh:f::h \5 the fixed pre··set 

value is connected to the neqaUve VOH8qc in put pin f\ to obtain a reference 

enters into the circuit its reduces thH anmunt of iHurnin8bcn that reaches the 

sensor or surface this the resist;::mce of the photocell increases rapidly \vilh 

reduction in iHlImination intensiti VVhen H:e pr8--.set vahle is {Gached, the voHagf:'l 

at the positlve input exceeds that of the ne~JaLv0 voltage input ana (hi: output 

voltage increases frorn 004V to 2.40V, \-\'hic!'1 triqqcrs the us(:d and AudIO alarm 

circuit 
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CHAPTER THREE 

3.0 CONSTHUCT10N$ TESTiNG AND RESULTS 

(;onstructed. 

To enhance convenienco and easy rnD,ntcnancc of !he alann-circuit 

connection, the cornponents and Ic's v·18m w-eil plaYf,·d out on the vero-board 

Components lihe variable res1stor and capacitms were mounted cross In 

their positions v-Ali1e tl""lGS8 of fixed resistors \<..I8f(-; rm:.H.w:ted flat. !CS me amounted 

les. In arrangement and so!d8ring of tile components, grf<')l care '-Nas tak.en to 

avoid shorting the leads and proper soiderinq was dom: to avoid dry",joints. 

:.1.1.2, SOLDERlNG 

Some sOldering precautions laken 8U;: outline b<:.:<loVJ 

l. liWe but enough solder was applied to any joint to ensure proper contact 

of the components 

ii. Care 'was tak8n to ensure proper' soldering d each JOInt; so that the lead 

of !ndividua!joints \i\/r)uld not contm:t (i e. shortinq). 

Heal sink '-I.,.'8S used !o conduct heat mvay 

iv. Made sure that the solderino··iron lr:rn!)Oraturr:: \vas not too l-liqh to r)rBv(';nt 
v r ~ r 

darnage that could result fro,n ()thef -beatinq 



:t2 TESTING 

The foHovvinq test.s '.NCf8 carried 

1, Flarne test. 

2, Srf;oke test. 

3,2.1 FLAME TEST 

A preset resistance v<:'llu8 had been chosen for H'le thermistor - transducer 

value at v·hich it cornes on is -; IOV,il 8t 3S"c 

The probes of a digital rnulti~mcter sd to resIstance lS in contact v'lilh Ux,:, 

t'vVO--\fjgs at the thermistor \,vhile the metal-end of the thefmorne!.f~: 't.:as placed in 

contact '.Nlth the body of thernlistor. Candle Harne 'Nas applied to the transducer 

thermistor aiso increase But. when the preset ff!sislanc8 value is reached, the 

vo\tanB of !.he comuaratm 8m} an ouhu\ si<:med in (>:ven yvhich trim~efs both the :::1 r- ~ .. j .~j ,~ ..... 

fRod' ! EO~. '~r1(j il"e· "'ud' ;0' '~I"'Yl"" C'lfC"Uit 0'''''' \, ................ !:(..... <;:., d~ .. ~r.:-s • ql;";:: :.! ~: .. !) 

This alerUng signa! UJnUnued urHd the resistance \/alUf.~ of the Ulermis!.of 

The photo--conductlve cell set to a preset resistance value of a reference 

"hand cover test" to serve 8S a "smoke .... concentration" on UK? sensor at the celL 

photocell resistance increases wlthin 18ms horn 4000. \0 £1kO.. ThIS rnade the 

This a!efiing signals continued \.lot:! tht:~ resistanu: of the phot0cnH 

reduced back to 4000 'fllthin '12Grns. 



3.3 REUAmUTY TEST 

The reliability values for 24houfs givens the failure rate of each 

component is computed below. 

O.:}012 OAHfiT 0.6189 

The totat reEability of the system is give as H(E} :;;; H, (t), RAt), R3(t) ~~---

Rdt) 

Therefore, 

For 24 hours of operation 

H~(24 Mrs) :;;; e- 'x t ::: f> {O.03)24·- 0.461 

Rz(24 hrs} -, e -(0,01} 24 :;;; 0.7866 

R3{24 hrs) :::. e~ (0.04) 24 -::; 0.3829 

0.6189 

Therefore 

R(E) (0.4610)(0.7866)(0.382.9)(0.9531 }(O.8869){OJH62) 

(0.3828}{O .8869)(0 .486J}(O. 3012}{O.J012)(O.6189) 

R(E) 0.9989 
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3,3 DiSCUSSION OF RESULT 

the Qutnut voHaqe to chanqe fro:n O.cHv to 2AOv to triqoer the visual and audio t-' .. ~.... ~ . .. ", 

Uh.e,\vise!y for the smoke test, 'Ni--,er'l s,noke covered th:; suriace of the 

sensor by blocking Hlurnination :3V'J<:';Y from it, the resl~:;tance of the photocell 

(ocresses \f>f,lhin 181'ns unity the preset vaiU8 is rr;ached and F<-4 is oreater than 

-ve input and an output ~" signa! is Diven, vvhich lr:ggers the visual and the audio 



3.5 CASING, 

This is 

It's com.;\rueJed in such a way tha!. 

there is enuugh open:n;l at the top. sides and front parts of the caso, :.~O that 

there is enough morn for heat and srnoke to f~nter ir'!to the chamber of 1JH,~ 

fire/srnoKf; alarm systern case 

The dimension for tr'!!:~ c::1sing is. as follows. 

Lenqth ~ "\ 2,Oexn 

Breath ~ e.ocr-n 

Heiqt:! .. , '1.0em 

Volume 

::: 12x8/,1 

G12crn:~ 
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· BlLL OF MATEWAL {QUANTITY FOR TH~5 PROJECT DESIGN 



CHAPTf;R FOUR 
CONC1-US~ON AJ~b RECOM~8ATIO~ 

4.0 CONCLUSION 

Having designed the fire and akmn system, it can be seen that the 

alarming system is better reliable and (now efficient than previous existing 

detectors. This fad is proved by the good sensitivity and high reliabiWy value 

from the test and calculation respectively. !hat the deSIgned project ha\te. 

These good sensitivity and high rel18biHy value is due to the Ic i.8. Uv133t1 

Op-!\mp and the transducers FC?lL127. Theun!s\of and phokHesistive-cell 

lowest distortion and hiqh fidenty for 360':- along relay and b55 Umer Ie a stable 

rnu\tlvibretm for a18ffH circuit, makes this desif}ned project a unique, very 

sensitive and much rnore re!i8ble. 

RECOMMENDATION 

works befom ernbarking on find ye;:u prc,jecis This .... viH case the problems 

encountered during project design and construction. 

I\\SO, the department si10uld enCOUf8W~ students tu present their o'vvn 

projects l.e. standmd proiects. This will tasK the students to discha(fV~ theIr ideas 

and kno>t/ledge acquired during the course d their deqre(:~ prowwnrne in the 
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