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/f D~rrn .,4(·"·1~ 
.i~-\..u,,--, .t .l'.~:". ._ J. 

This project presents the design and construction of a tire ab.rm sprinkJer system v,,·ith delay 

circuit The system t->en5es high temperatures of about 60°C that .may lead to fire outbreak yvith 

the aid nf a sensing circuit tuade up of an integrated temperature s(:nsing unit The sensory circuit 

it., conned.ed to circuit breah~r to disconnect the electric(;lJ 1r~ain ::'.upply and a delay circuit to 

callse a delay for about 60sczx.mGs" after 'vvhich if the heat detectf:d fH}fsi:4s; the sprinkler systen1 

, . ~ , k' t ~rh '. . ,)' 1" \. f) (~ 15 aCtlvahXl to "'pnn 'ie water over tl1e area . '. e sent,ory Clfcwt IS po\vewu. umng a L';!.. . 

regulated pmver supply. This system improves the chances for nAuc.ing the ris.ks to Efe and 
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CJl;\PTER f)NE 

GENERAL lNTRODlJCTHJN 

1.1 lntrodudkm 

This chapter entails the H10tivation bt~hind the development of the project, the problem 

defm!lio'l and methodology used in the project, and fin(l.!ly the ontLine of the chapter composition 

of this project report, 

1.2 Project MnHvation And Objt~ctive 

The outbreak of tire has a harmfUl effed on live andpfeptrty in any society, Most Hre 

detecting devices just detect the presence of Hre and faise an alArm to can the attention ofpeop!e, 

'.,vithout attempting to combat the fire, A!so, rnost fire d~;;tedng devices are not intelligent 

~~nough to detect false alarms in that they detect the presence of h~;;at and just raising an a!arrn 

with no additional circuitry to check whether it ''''las actually ~ fire outbreak or abbe alanrL 

The basic objective of this project is to detect the presence of heat or fire outbreak by 

sensing the heat in the area fDr temperature ahove 60 {-'C, cre::He~i time aday to make sure it is 

not a false alarm, and with the help of the circuit breaker i1nd i~,prinkkr system, autornmic<llly 

attempt t:;) suppress the fire by sprinkling water over the area and (lbo disconnect the electrical 

mains supply should it be electrically caused, 

1,3 Prohiem Definition And Methodology 

Having completely understood the component characteristics configured tr;. make up the 

circuit design, the problem is the design of a fire detedor (JJHl \'>-I<1tc1' sprinkler 5yt,tem ''''lith delay 

1 



50 as to detect the presenct: of fire in the surrounding environment and aho to combat it in the 

course of ~olving the problem, tht~ fo!L:Hving methodology wiH he used. 

'* Design of pmver supply unit 

~ D~.:5Slgn of the heat detector ;:.ircuil 

* Design of the delay circuitry(consj~ting of the 555 Astable i\'lultivlbwtor and the t'NO(2) 

MUD-I {} counters) 

*' DesiQH of the circuit brea.k(~r 
>.~ 

• coupling of the 'Nater pump and the sprinkler system 

• A study of the val.)'ing input and ou.tput characteristics 

*' Providing of a rase f<::>r the Hre detection and sprillkkr-contrc:1 system 

The project cOlnprises of five chapters. lmnxtuction, litelature reV1elV and theort:tica! 

background of the COH)pOnents used in the prqject, system d<;;:~ign, uliculaticm and decisions 

taken on selecting the appropriate cornponents ofthe circuit, circuit construction and testing, and 

fina.lly the general condusion, problems encountered limitation ~\n~!1 of application and possible 

recornrnendation for further work. 

2. 



CIL\PTER 1'\\10 

The design and conBt11..KtlOrl. of the fln: detector and Gghter device is done due to the 

11KOtporadon of different eh.:ctronic components and sub cin:.uits, This chapter is going to 

discuss the literature review, the bask theoretical aspect on \vhich the various part and :.mb~units 

2.2 Litentture Revk'w 

Heat detectors are the least e,xr;enslve Ere dete{,,:tors ha'vinkr the lOW(:::;t false dunn rate of 
~ 1.,. ... 

aU.tht fire detectors, but are abo fhe Slo\v~;;A in ddecting Ere, He~~t detectors are best suited [(')1' 

Lre detectlnn in sTnaE confined spaces 'Y'ihere mpidflre with high nGat output are expected and in 

0tb;.~r areas >,vhere ambient conditions \vould not aHo\v the use of nther fiw detection devic(:s or 

where spe(,d ofdeKction ofUfe safety are not a consideration. One example oftnis would be low 

value products where {ire could cause minimum daH1!l.ge to the ;;txucture or contents, Auto/Hadc 

nre alarms \'.:ito 'water sprinkleI' system is an active fire prot(;ctiou measure and are most 

effective during the t1re's ini.tial flame gfO\vth stage, 

Today 80<% of deaths in building fires are camed by smoke inhalation. In a matter of 

m.inutes, the victims are dead before t11.e fire ever reaches therG. Being avitnl aspect of several 

industrial and residentid processes, research works ha\/e been carrieo out to soh·-(: the problems 

of late detection of fire outbreak and the subsequent control of the frre outbreak. This 'Nat-> 

achieved by using SOUle basic electronic components lik/; ternperature and heat sensors which 

, , !. - '1' - 1 d'v "k r'! 1 sensts potenlmi Geal H.1 t 1e envu:c,mr!(:nt tnat can ea. 10 Hfe outnwa', L!, j 



Amao designed, constructed and tested a micro-t:ontroHer ba~;ed te1l1perature GontroHer using 

temperature sensor Ie. The output voltage of the sensor varies proportionally to the tetnperatute 

AzUsa desi.gned a ternperatun_~ measuring sensor device using thermistor, potent~ometer and 

Opa1'np as comparator. Pl 

Chvamzll.i Ponsah designed and con§tructed and tested a non·· Lltching flre using thermistor 

and micros:untrol1er based which senset, temperature above 41 "C: f4J 

For the contrd of tire in tbis project, an automatis: sprinkler sysfem is interh)ced to the circuit 

tOfretherwith a circuit 'breaker to sprinkle water oVer the mea and a.lso to disconnect the Hlains 
. ./ 

2.3'fbeoretkal background 

2,3,1 Transformer 

A transformer i:~ a device that tnm§fers eiedric"l! en(~rgy through inductively coupled 

conductor§ (the transformers Goils} ivloslly, in dectrics, ACvoitage is stepped down to suit the 

requirei.nent ofthe solid state devices and circuit§ fed by the Dr: supplier 1n an ideaJ tra.n;.:;former. 

The induced vol.ta.ge in the secondary winding (Vs) is in proportion to tbe primary voltage (Vp) 

ilnd is given by the ratio of the nmnber of turns in the second~vy (Ns) to the nutnber of turns in 

~1~ ",,-~ ~ 
,., "" -It 

..... n'O:::' -:;;: ~\ .. , . , ... , .. . " .. , .. . , 

Vp Np 

Tbs gives the basic. equ<'!tion for stepping up or t,tepping dnVir1 the 'y-01tage,. v.;hereK is 

the voltage transformer ratio. 



Rectification is a process by '~vhich alternating wrn::nt (AC):which periodically reverses 

direct~on to DC C1..lIT~mt, 1vh1Ch Eows in one direction. DC'v'ices that conduct such kind of 

conversions are caned n~ctifiers. There arc different fonns to vd<ch rcctit~ers may take, and these 

include: Vacuum tube rhodes, T\-lercury arc valves, Solid stm(' rhodes, SUicoll-control!ed rectitlers 

The n('ocess of rectification is carried Ciutin tViO maJ' orw(';vs nDJndv: ~ . J J 

<&I Halfv:ave rectitk<ltioll 

(0 Foll wave recti dcat10n 

IN 4001 Gruen-it Purpose Red.ifit~r 

wrrent to an appropriaV~ DC voltage value. It is conmwn!y used in rna.ny electronic circuits 

A feulJiator is an electronic device th<'l.t controls the vcJUI~.e level to a dven value. There c . v' _ 

me sevt~ral types of regulators depending on the output \'oluge (regulated voltage given hy the 

regulator. Sorne examples of conunon pov.;er regulators are. 

(0 7805 power regulator 

Q. 7812 power regul ator 

How~~ver, th{, rcgubtor used m this project IS the 7812 regulator 'Nhich is described 
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7~1l2 Regulator 

The 78 i2 regulator is a three (3) tenninal device that pnxluces an ()utput of !.2v "vh~n 

connecH.:d. Thus, input voltages to the regulator greater thi'tH U volts are regulated by the 

regulator to produce an output of 12v. 

'roo ~~j'"> l' b 1 l... -Q'~VXt' 'j f"" . d 1 ' , , ne !'0: k regulator e!ong$ to be/o.A,· .. amly 0 selt<oontau1e iwear voltage reguWJor 

circuits which can support voltages of up to 35 to 40 volts and curH.'n.ts Df I w 1.5 amperes. They 

are Positive voltage regulators, i.e. they a.r~ designed to produc.evdtage that is positive relative 

to the ground They also have a minimum voltage drop of 1.7V across tht~m. 

The diagram of the 7812 regulator pin out is as shown in f1g L 1 and 2.2 respectively 

li'ig, 2J; 7812 Regulator dnuit 

The LlvL1S temperature sensor is a three terminal de"·,..-ice w'hose output is linearly 

proportional to the CelsiHs (centigrade) temperature. Tbe ~k;m,or is an integrated circuit 

temnerature senso[>;'ihose rnaior advantage over other sens()rs \'" that it does not require external y /-

CfI.Hbration Dr tirning to pr;:Jvide typi.cal accunKles of ~I,< d;~g.rees at room temperamre and 3/~ 

,) .. ~ . 
degrees over a L.lH -SS~'C to 150'C Ttfnperature range. The sensor is aiso a 10»'; self heatmg 

() 



device and dra·v./s :SOp.F from its supply. They are used In oven tX.mtroHers and resistor 

There are certain behaviors of the UvBS temperaLu'e sensor that makes it have 

1 LM35 temperatu.re sensors are !inear in its beha:v'ierwhik thenuistors axe nonline<!.r 

Omputs of the t·wnsor are dire(:tly in Celsiu~. Tbm; then~ is no need t~Jr conversion to 

centigrade unlike the tberrnistor whose output need~ to he converted to Celsius. 
". 

3. Easier interfacing or readout due to low output impedance and linear characteristic:; 

4. You can lneasure tt~rnperature rHore accunlt.e!y than a using a thermistor. 

5. The sensor circuitry is sealed and not subject to oxiciiltioll, dc. 

6. The LM35 generates a higher output voltage than thermocoupks and may not reqtlire 

that the output voltage be amplified. 

Tht~ temperature sensor L~<!B5 in Fig. 2.3 below sn<YNS the vanous components 

COlTlprising it '\Nhich are transistors, resistors, an openltiot1a.! amp!1fkr and a diode 'br 

T
' l ",f ~ ~ j.' h ,. t ! t . '>' i" t~' L . ne "yd) sensor ,1ftS elf, t pIns \'Vl1t~re onlY hnee (~)} Oi tnem per- orm nnpnrtant tas.~.s. 

The pin layout diagram of the tempt:rature sent,or is as :->ho\vn in Fig 2A 

7 



-~--:M¥!>'w 
,_._ .. -----_. 

Frnrn the Hgure in 2.4 helow" the pins l~ 4 and 8 Q.r~: the fl.cti ve pins and are used as 

output. gn.mnd a.nd supply respectively. The other pins are inacdv{.~ and are ignof(:d or connected 

w ground. 

Vout 

NC NC 

NC 

GND NC 

The calcuiati(lU J~x the conven~ion of tern perature to volw.ge by the temperature sensor is 

given by a si.mple direct conversion fommla (because of the sensors linear bebavior). This 

I'(HTllula is given as: 

.( 2.1:; 

[) 



Subst1tuting the value of the tempersture, which i.s surrounding the sensor, we can get the output 

voitag~ of the sensor which would detennine 'whether or not the ::;pri.nklerl circuit,breaker alert 

A comnarator c~rcuit is a circuit buildinn block thm COiIFHlres the strenfLth (usually in t" ,':;l.~ 1.-/', .. 

volts) of the twO sign.als a.nd provides an output signal \!'v'hen on~~ h bigger tha.n the ether. The 

, ,~. .,' ' IV ,., 1 ~! t' . 1 large output gaUl ot an operaHonal ampiflJer maKes It I( ew .or Ci)lnpnnng two VOltages 

The circu1t in Fig 2.5 c{)nsists of two inputs, one is called :.lSi inverting input while tile 

other a non-inverting input it abo has an output to vv'hich the r::'~Alh of the compared voltage 

signai& of the two inputs is gotten. Tbe Op Amp can be cont:1gu:'ed in t',>.;o \vays~ the ~nverting 

and the non~jnverting configuwtion. 

The operational arnphfier used as a cornparator circuit i" 8,S :.:;hO'N)1 in Fig. 2.5. 

Nvn;r~verting 

Teny~inQ; 

inve!ting 

,emin;!! 

2.3,6 Tram.istors 

r ......... ~······· 

--- .. ----~.'\ 
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Th{.: transist:-:>! is a serniconductor device comrnonly used to amplify or switch ek:ctronic 

signals l'l.. lransi~tor is made up of either silkon Vi) or germdniwu (ge) \vith at least thn~e 

terminals D..x c{">nnection to an external .;;ircuit A voltage or cuncn~ applied t-o one pair of the 

transistors terminal charges the circuit fol!oyving through anDti1cf IHir of tcrrninals, because the 

contro! (output) p0vver can be much more controihng than dw pos'ier, the transistor pmvii.ks 

amplification of a signaL It can also be used to turn current on:lnd off in a circuit like an 

electrical. controLled sVv'ltch, where the amount of current is detenni.nedby ot-her circuit e1ernents. 

There are hasicaBy tv-!O types of transistors, the bipolar junction (BFT) and the FEI transistor. In 

semiconductor maferial, thev dre so narned because ther~,;; oPz~falion involves both electrons and - . 

holes. The three terminal of the HIT an~ ernitter, base and cnH(:doL The BJ'T consist of tv,'O 

junction diodes \vhkh ()xe NPN and PNP. NFN transistor con:sists. of a layer of P doped 

semiconductor (base) between l\VO N doped layers, whik~ PNPcondst of N doped semiconductor 

between two P doped layers. 

Current entering the baf>e i.e. coHector mode is arnpEE~;~d in the collector output. in other 

terms, anNPN transistor is "on'~ \vhen its base is pulled high rdative to the ammeter. 

NPN Transistor 

Fig. 2,6: Symhot for Nl>N hipohn- Junaion transistor 

10 



PNP 

There axe basically two types ofBJT transistors nam.ely 

NPN Transistor 

In this prqject, the transistors used are the C1815 and 'H.P4l.C NPN transistor. 

2.3,7 555 Timer Astable [VluitivibraJoi' 

The 555 timer astable mult1vibramr is an aSillbk nl!.lJJiv~brator conne(:ted using a 555 

dmer <'15 the lw<l.rth of the oscillator. It produces a square wav(; vlith sharp tnH1sitions hetv.;een ii.s 

low (OV) and high (+V<) state. It is a highly stabk osciUator for generating accurate tirne delays 

or oscillations, \vith additional terminab for triggering and re.seH:ing if desired. In the tirne deJay 

mode of optratiOI\ the time. is precisely controlled by one extOJia.1 resistor and a capacitor, \vhUe 

in the astable mode of operation, the f1:ee tTmuing and delay circle are Ilccurately controlled ~vith 

t.wo ~;;xternaJ resistors and nne capacitor. The circuit can be triggered and reset on H~lling 

11 



Supply 

1.3.8, Deo~de Counter 

A decade coumer, unlike other CCilmters is a counter dnt f~ounts in decimals rather than 

binary. A decade counter may hf;ve each digit binary uKod~3d {fit1t is, it may count in binary-

code.d. decimal, as the 7490 intl.'~grated circuit did) or other hrnry encodings (:mch as the bi~ 

quinary encoding of the 7490 integrated circuit). Alternatively., it may have a "funy decod.ed" or 

one-hot output code in which each output goes high in turn (t.he 4017 is such a circuit). The latter 

type of cin:uit find.s applications in multiplexers and demuhiphl'«crs, or wherever a scanning typ(.: 

of behavior is usefi,j!. Simila.r counters with different tlurnben; t',f outputs are abo COmUiOI1. The 

decad~;; cOimN':f is fllso known as a m{}d-counter vv'h(:n it count.~ to ten (0, 1,2,3,4, ), 6, 7, 8, 9} 

This project d.esign utilizes the CD4017 decade counter Dx i15 counting operations which is 

explflined below. 

12 



CH4fH7 Decade Cmmh~r 

The CD40!7 is <l 5~stage divide-by-lO Johnson counter 'Wi1h !O decoded {mtput3 a.nd 

l...., I" . l f' ,(" 1 ~ ~l ~ 6 ...., 0 "'j T' Girry out (}H, ,ts countmg sequence I.S t(S,~:en rom one to ten V),: i, .:\,'·l, :-\ " j, ';\, ~}. ,ne 

configuration of the CD40 17 decilde counter is such that each (if ib decade outputs is nonnaHy 

In its 0 swte and go to the logical 1 state Only at its respective time dot. 

This counter is deared tz") its zero c{}unt bv a irn.dc<'l.! '1: on its reset line On nin 15 and 
~. ..... ): 

advance on the positl\·:e edge of the dock signa! '\vben the dock l,;md)le signa1 on the dock input 

Cycle For even' 10 clock inout (vcles and it, used as a dndt:; can"v Sigrlal to anv Succeeding .... ~. t..... .!- t ......... ,.I ;;.:; 

stage:.;. TbI; connectioll !p;tl-out dll'lgrarn of the counter CD40 17 dl}~i! inl tne package is as sho\vD. 

in fig 29 below. 

Dti[:oded Output ::; 

Decoded Output {) 

Decoded Output 2 

Decoded Output 6 

Decoded Output 7 

Ds-coded Output 3 

Vss 

~" .. ·"-·~""" .. ·-·i~·""·"""~·"·""'\~~"_~~~:/"""~·""""·~~ .... "'~'''''"-'--'' von 

.. -~· .. " .... ~· .... 12 ·151" ...... ·~ .... " .... ~ Restart 

j j 

.. -~" .. " .... ~· .. 13141 ........ -~· ...... ·~· Clock 

j l 
~ ........ ~ ........ --l 4 ,~'"<! .. ~ ......... ~ ..... " .. C!o"k Emlbl~ 

l_~.........,. ........ __ ........... ,. ..... _~,. ..... __ -.-.".,. ..... __ ~ .... ,. .. _ ................ _ .. 1 
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C~llT'i Out 

Decoded Output 8 

Decoded Output 4 

Decoded OUiput 8 
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SYSTEIVI DESIGN .AND IlVIPL.El'\'IENTATION 

3,1 Introduction 

1 l' h ' . . , . ., {' h d' 3 ,.,~ I'" .In tms c aptt~r, tne HIm!! C0l1slljeratH'.1!11S tnat O( te eSi.gn a.nZI tHtterenJ ca"culatlOns t.nat 

rnake up the detector and fighter by the gmeral ~jrcuit diagram Hnd the principle of operation 

The f.H·(~e(t design comprises six unit's \vhich inclu(h:~ .. 

1. Pov.;er supply unit 

H. Sensory unit 
.' 

Hi. COlnparator unit 

:v. Delay unit 

v. Circuit breaker unit 

Vi. A!ann!Purnp ('"varer sprinkler unit) 

The svstern block dhwram of the proiect desiixn is shr.l\vn in Fig . .'L ! . ... w ............. .".-' 

........................ l 
i/ 

C:ompara!of Unit C:> Dei=af U:'1it V .................... .. 
: ......................................................................... ~. 

">ti 

Fig. 3.1: block diagnun for automatic fire abrm sprinkler sY1item 
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tn the block diagnuH as described in Fig 3.1, tb3 po\ver supply unit supplies pO'Ner to all 

the ot.her peripheral c{.lmponems of the design.. The sensory unit ~;t~Hses the temperature of t.he 

t-n.rITonndillg environmenJ and passes it Onto the comparator unit that compares the incoming 

vohage signa.l with a reference voltage. The delay unit is actj-vat'3d by the cornparator unit v·;hich 

(ontn")1s the sp6nk!er system and the circuit breaker systern connected to if. 

The I.KYNef tm001v unit is deslg,ued using the thrure shovm in fig 3.2 . t"~. .. v..' -....- ..... 

and ,,,,,hose major function is to provide t1K~ design y.:ith <'1 rdhlbh: source of DC frorn theAC 

power supply input. This DC voltage is then used in the circuit i~:)r its operations. The conversion 

proCfSS of A.C. power (220V, 50Hz) to a D.C voltage supply is through the various conversinll 

3.1, t Tnmsfnrmt'r sidedion 

The foUov,ring el.xt.rical conditions are required by the power supply 

15 



* 12\/o1ts DC :mpply hy tht,.~ project circuit t~Jr its operatlrm. 

* 1.800A DC current supply 

The vokure re(luired bv the circuitrv of the project is a 12V D. C SUPI;lv obtained from the 
...." l..... ./" • "' } 

rectification and mtering of the output of a 220IlSV step down tramfonner. Therefore, the 

primary voltagt~ ::0 220'V 

secondary voltage::: lSV 

!\C current 1,»; :::: 2A 

DC current Lc 
Zxlrms:·:)2 

::.::; .. --... ,. .. ~ 
t.X2X."j'j 

;::: ..... _-

l(k ::: L801 A~" t SOOmA 

The purpose of the capacitor is to act <'1.5 a filter thereby produd.ng a steady state direct 

currem :mpply by smoothening the output of a rectitier a.nd dirnin8J.ing the A.C components.. 

Having b10Vv'D the supply freqtwncy frotH the supply rnaim; po\.ver supply, VA.lich is 50H.>. the 

smoothening capacitor can Oms bt~ chosen properly. 

(? -.... Idc 
L --.""--'" 

4)j~xrxyxVp 

.... , ..... , ... , ., .... , .... ' ......... , . 

Where; 

* C :0:, Filter capacitor 

~F ::: innut. freauencv for a fuH-\v~we re>:i:if1er 
k ~ '" 
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'y :::. Ripple factor of 2.5'Y~ 

This is the optima! value of the capacitor to be used for the design. However, the value 

of capacitor chosen is 9900jJF because of the follo,;ving reasons: 

\ ! ""!' 1 $ •• " h' ," '* h arge capac nor valne las a larger electron-storage ca.p[),{}i11ty t ereny pro(lUC111g lesser 

* Value of the Load 

3.2,} Selection of Bridge Rt<cdfication Componcllt.!\ 

The bridge re~:tifier used in this circuit utilizes four 1 >14001 rectifier diodes 

~Aaximum. ',/o!tage rating::: 60"V 

Root Mean Squared Voltage (Vrms) "" lSV 

The valw~ of the inax.irnum reverse voltage above \Vh1Ch break dOV.JJ1 tnay occur is given 

from the data sheet of the \ N400 1 ~iS: 

17 



(33) 

But 

Frorn the electrical characteristic::; rating Vm,,,:Z; lSV 

This rneans that the rnaxinrum voltage above 'Nhicb brf~(l.k{bwn may occur causing large 

current to How in the reverse direction therebv d<'tmag;irw. the dindeis 42A2'Volts. /. ~......... 

The 1 N4001 rectifier diode has itl-, 111axlmum reverse voltage as given from the di.i.tasheet 

as 50\'. This value is larger than the tnaximum reverse >'{'oha§F: calculated above and this featnre 

tna.kes it suitahle for use in the project circuit.. 

After the rectification circuit, the v:avef(:JtHl of tbe bridge rectifier ).s as shGwl1 in Fig. J 3 

t 
iSV I /"'\ /.-. .... \" 

: ! \ I 

I
i! \ / \ 

! \ I \ 

: ! \ / \ 
• I ~ i \ 

: / \ f \ 
Ii \ / '; 
V\'/ \ -~" .. ~ .. ~ ... ~~" .. ~~~ .... ~ 
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3.2A Sdection of ~t regulator 

The voHasre reouireJ bv the cirwlt is 12V DC SUD!Jl'l. thus the voHa\J..e regulator tn be 
l.....' 1. ...' .0'" 1 ,. .. ..... w 

used in this pf(~iect is taken from she 7800 $erie~. regulator, ;~pecificaHy the 7812 voltage 

regulator. This is because h takes whatever input voltage given to it n:nc produc{~s a constant 12V 

given frorn its datasheet 

• The rnxK1Hlum supply vohageAOv 

• The maximum supply current: 1.5A 

3,3 The Comparator Circuit! St~nsor Circuit 

This is responsible for obtaining voltage signa! hom the tenlperatme sensor device and 

compar1ng it with the reference voltage signal gotten frorn th~;voltage divider of hvo resist;)fS 
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connected in series, The comparator Cifcuit is de~ign using OP-A:MP LM358 'which is ~hown in -' -' 

the FigJA 

It is configured in non inverting conf1guration, the ref;;;rence i.nput is sdecN.:d to be half 

of the ~upply voltage ~md one of thf r~3sistors in potential divider mode is choosing as 1 KG and 

the other 

(." 1 r .. , , , , ......... ')" . } 
F - R~" .. V , 4 - ., . l> CC- .. '" .... 

!S1. T "..:;: 

. , .... - " ... -, ..... '" 

T ( " " . '\ . ..( '. -. "{" "'-' . em perature .. L) 0::; ,; <)u'1 >: (,1 t)l) j!} 

The estimated rninumum heat temperature for rire i'~; given as: 

Thus,. the voltage the temperature ~ensor (L\:f35) is given as: 

, ( oC)Fire(wdn) 
\lout = .. ~. --" .. --..... ~. 

100 

Thus, v,,,;l. "'" 601100Vo!ts "" {) 6V 

USing 

lknce, the implication of this is that the vol.tage c(>rnin~ out of the voltage divide of the 
. . ..,. ... 

nvo resistors Itl and R2 should be O.DV. 
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·' Therefore ,'::: = 0.05 
lOO()" Hz 

The follovling constraints (lfC required by the LM3 58 Operal.i onaI Arnplit1er 

.!llpm currcnt should not be less than n,06mA 

jJ [nput 'ioltage should not exceed 80\/ 

Choosing value of Rl and R2 to bc j ooon and 520 respectively, 

$I< The current input to the OPArnp 'Nould be 

Vee 12 " hnut Current ~,' ~,,« .• ,---' -- ,,:: () ! j 1 j 4 A::::: I t 4p) A ~ Rl+R2 HJ52 .. " " ,..<. 

Which is in accordaNce viiih fhe conditions aescribed ahow'! 

* Also, the condition 

Hence Rl = 1000 Ohms 1<..2"'" 520hms 

:,,4 The dday drcuit 

The dday circuit in this project consists of tl;e following. components: 

• The NE5S5 Astabk Muitivibrator Circuit 

(0 1\'/0 MOD I 0 counters (CD40 17) 

3A.l The Astable Multivibndor (NE555) 
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Fig 3.5 shows the corm.ertlon diagraxn of the NESS5 a:=;tnblc rnultivibrator circuit 

The subcomponents of the circuit as ShO'0:11 bdo'\v are: 

$ A~tab1e 555 mu!tivihn~t0r tiIner circuit 

~ Tv,to extema! resistors (R.1 a.nd R2) 

4 One external capacitor (e1) 

The required current and voltage ratings orine muHivibraiof are given as t.:;hcfwn·, 

4 Supply current"" 12/\ 

4 Output voltage drop ::0 2.5 



1'1 -- (R1 + RZ) x C 

And 1'2 (HZ) X C 

Charge time i5 given by' 

Tl :~: O,693(Rl + RZ) xC ........... ······· 

Since it passes through R} and R2 to the C. 

Discharge tirne is given by: 

T2 ::~ 0,693 x (HZ) xC" .......... ···"'·· 
n .:;:,' ............ \.,._} . ~ , " ... ,"" ... ,'."" 

Since it passes through R2 only. 

Thus, the total period (t1 -r- tz) i::; given by 

T{total) ,::::: t, -r- tz 

~fL693(Rl + 2 X R2) xc. .. ............... ,., . .............. (}.6) 

F(Total frequency) ::::::: lIT 

1 F :;::-" .. -_ .... _--
O.6'i>3(!'t! + ZXRZ"l:<.C 

Alternatively, instead of ut->ing t.he calculation rnethod as described in eqn ,}.3 abc'lve to 

determine the safe values orR.l. R2 and C, the graph as SD{W{n 'in fig 3.3b can be used. 

Fig 3 3b 5hov.:s a graph illustrating the safe operating vahwt-> for C given a particu!a.r 

running frequency. 



capacitance 1 
(n1icmFarad} 

0:1 1 'l00 

free runnin:9 fi"~xl~·wncy 
(hertz) 

10K WOK 

The diagmm above shows a graph plot for obtaining the vdues of Rand C to ohtain safe 

working data (;nvlronmem for the 555 timer circuit. From tht~ plot, Ii given required running 

frequency of tbe timer is tract~d on the x axis and the appropdalX: capacitance and rest~tor values 

are gotten from the graph through the diagonal. lines and the veni.c<'l.1 (y) axis respectively. 

In this project, however, the delay period to turning on the sprinkler after the fife has 

been observed is 60 seconds, 

To obtain a total number of 60 clock pulses frnm tbt f(lultivibrator in approxiruiiteJy 

T (Period) 0:: 60sec -7 6Cl pulses 
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Thus, from the forrnula in :3 A and 3 j, 

T{Period) ... Tl +'1'2 ... O.693(RJ +2>:R2) xC .... " ......... ". . .... (3.7) 

The c.onditions for tht~ values of the Rand C are given as L;Uo\vs' 

" C must be greater than 5GOpF to avoid <iUY stray capacitances 

• R 1 and Rl mUl-lt be greater thanl KG each to avoid dam:lge due to over current 

" R 1 and R2 must be less than 3J:rvHl 

<lll /dso, the load current 011 the Ie is about l{)OrnA 

Thus t~-lki.ng values of R 1 ~ 10kO, R2 "" 701:0, C :z; t O~!F 

The fornHJla to ~,ive the desired total period is obeyed, ;;\nd the c.onditions stated for the w . A ..I . 

values d'R and C are obeyed 

Thus substitutinfl. the values ofR L R2 and C in the t~(ll..l<l-jon 3.9 and 3.1 n above. the 
"-/ -' "3: .. 

~ o 693(Rl .;- R2) xC .. . .......... (39) 

::0: O.693(lOK + 70K) :< 10~tF 

::: 0.693 x (80 x i{Y'3) >: (10/ HY'6) 

::: 0.5544 sec. 

• , •• , •••• < - ' ,. , ••• ,., •• 

. ...... (3.10) 

::: O.693(10k) >:·10 p.F ::: 0.693 / (70 .... leV3) >< (I 0": Fr"6) 



:::::: 0.4351 sec 

The figure 3.7 ahove sho',;vs the output voltage wavefonn ofthe astable rnultivihrator. 

VQ!tage{V} 

1 Ii II I~ I I-~l 
,~J L .. ~.~~ L ...... _~~.-J : ............ ~~.J '--........... . 

L.. -----~--- ----~----~.----~-----~ 
\ ......... ~~~ ...... I ..... ~.~ Tlme(ti 

0.5544 sec OASS! sec 

The \vavefon:n of the voltage output of the capacitor of tb;; astable muliivibrator is as 

voltage(V) 

Time{t} 

Fig 3.8~ Output \Vavcform of Capachm' C1 



The figure below shows the voltage output waVefOnll of the capacitor (C) of the astable 

mu1!ivibratOf. The v{ixvefonn is a sawtooth vJaveform he('(Ju:,e of the risinQ and fal.Enn nature of '-' :::> 

tht, yoltaw.~ in the capacitor when connected. 
~.1 .A. 

.After the astabie multivibrator has been St~tup, the rneasured data taken with voitarneter 

and ammeter a.re given as: 

• Sink current output from NESS5 "'. 189mA. 

~ Volta.ge output from NE555 ::: 12.1 '/. 

Thus, voltage drop ~;; (15 - 12 1)"" 29 V. 

5.4.2 The MOD-tO decade tmmter (C0401'7) 

The input voitaW;; from the CD4017 is equuj to the output voltage fmm the NE555 timer 

vJhjeh is eqw!.l to 12 1 volts frorn measurem.cnt. 



Supply voltage and current to the decade counter are given tIS fi:Alows: 

Supply Voltage 

• Supply Current :::: L.::z; C.lmA 

* NnrmeJ operating temperature ;:: 26°C(room ternpemnm:;) 

The pin connection of the CD40 17 timer ;'S as sho','m: 

$ Pin:'): An output ofthe counter (Os) 

* Pin13 and Pin 8. connected to ground 

~ Pin}4' Input dr.ll.::k puhe to the counter. 

* Pin I 5: connected to Ground 

Since Q5is the 6 th output of counter C1, the number uf pubz~s to be supplied to the input 

of th€) first counter (C040 i 7-01) for the output Q5 (of C 1) iO go high again i :,L' 

"" 10 Clock Pulses 

The number of dock pulsei:' required for the omput of the second counter (C1)401 7-02) 

:::: 6 Clock Pulses 

From these two ca1culatiom, it can be S!~en that the fotal number of pulses v.:hich should 

be produced by the NESS 5 astable timer circuit required for the output of C2 to go high at pin 5 

;::, 10 dock PlJIs€"~s' (, dock pulses ::::: 60 dock pulsei:' 

28 



'which v.;hen nm1t~p!ied hy the period of the circuit gives the requ~r~~d del.a)' timing for the delay 

Circuit. 

T (Period):o: 60 i>ec"'" 60 pUlses 

Delay Period ,;: 1 sec/pulse / 60 pulses 

Deb)' Period ~ 60 sec. 

',--_ .... :' 

D--···········~--'·········--- ........... -- .......... - ............ -- ............... -.......... - ............. - ............ -.-.-........... ---..... ----.------.... ----.--~ 

2 --- ..... ---- .. ----- ..... ----.----.-...... . 

3--··-----·····--··---····---··----····---··---; 

4 ------.---.-----.. --.----.... ---------... -------.: 
4, _________ . ____ . __ .. ___________________ .. _________________ .--------.--- -- ------

5------------···--------·------------···------·--------.... -------.---: 

$----_._--------_._-------_._------_._--------- ---------_ .. _-----_.-.----------_.; 
---.~- ... -.--- ... ----.. -... --- .. ---.. ~- ..... -- .. --- .. -.... ---

7 .----------- ... -------------------.----------.----------.-------- .------ -.---------- ------.: 
; ... -- .... ----~- .. ---- .. -- .. --...... --- .. --.. ---.-. --_ .... _-_ .. _ ... _-_ .... _. 

9 ______ ... _______ . _________ .. ______ . ___ . _____________________ . _________ ... --- -.--------------------------------.-----------.-------k 
~ .L_·· _____ ·· _______ · _____ _ 

Fig 3.9,1: Timing diagnm gf a ntnd-10(dt~cadt~) 
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3.5 Sprinkkr/Huzzt'f unit And Circuit Breaker Unit 

J,5J Design of the rela.y driver stagt~ 

The relay driver stage cnnsist a protect1\'e dio(\I..\ Sf'S'!:, (normally dose) relay, NPN 

tri"l11SlstOL The transistor acts as a switch that controL the rday coil CU1T~~nt meant to energize the 

relay. Figure 3.9.1 a,nd Hg 3.9.2 on next page snmvs the relay driver circuit for the circuit breaker 

and sprinkler ~yster;1. 

The relay selected is an SPST {normaHy dose) relay of rating ·l2V400n. 

The current the relay most dra'N to be energized; 

~""-~-""·"---"Fl..·! 

*~ T 
I .... J 

*,--~,"-./\/V\;- ...... ···n--{ 

1 kG r-..... 1 

1 
L N > . 

Fig: 3.9.2 Diagram of dn.::uit. brt~aker 
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j, : A ~ <'" i 
au~~~r..J~·"··! ! r NC ! 

······i~· i Moklf 

I
i L. .... (~:) .... , 

.~.-, 1 

L ..... ~ ........... - ......... :t: .... j 

F~g~ 3.9.3 Diagnun of Sprinkler/Buzzer Unit 

T' . 1.... ~ d' . , "" l' I' 1 ~ 
1 ne vv'ater purnp IS a rnecnamca! eVlccwltn an U1tlmh eedriC motor W Hcn pfO(:\uces a 

retmional motion when there is signal input voltage to its input t~~rmin<t!s. This signal causes a 

rotational electromagnetic motion which causes its. intern.al rotor to fun thereby DuHim:- Wi'l.ter ...... .. ~ ,-/ 

tire-curnbatef in this project. The rday used heN is SPST (normally open) 

L,efR determim.~ the value of RF; (base H5sistor) that is used to set the current u:~ed m 

driving the transistor i.nto saturation 

.. "" ... " ....... , ...... " .. "".3.11 

., ""1 
.... ,,, .......................................... ,:J.lk 

Where, Vms :0:. 12V (output voltage from comparat()f s..vhen HIGH) 

31 



Ie "" 30mA (the current the H.:lay must drav·; to be energiz.ed) 

r 3rJmA 2'"(') ~ l.B -:::; ~ ......... 2E {.:;Uh 
110 i 

We will choose b to be roughly double of the calcul.ated value to ensure the transistor 

stav8 in saturation and alkn~ enolli~h current tooa..% dU'mw,h the fdav cod in order it's enentized .. c.,.t '.......' w' 

when the tenlper<l{'ure persist and to switch on the motor and buzzer, 

Choosing, 

RB is chosen to be 1 Ket. a standard resistor of .:;.%: tolerance. 

The project circuit design shc'i\.vn 111 fig 3.9.l belov·;, :=:.hov-:", tbe overall circuit schematic of 

the entire project van the sensory unit. the power supply unlt, the delay unit and the circuit 

breaker unit aU connected together to perform the task of aut<:nnat1c fire detection. 
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4.1 Introduction 

t"",'I,Jr it, p'"I' IT, 'Ill,';' ""\1' j'l.l 
\. .... .1.·.1..:·'.. I .... :... n.. I"' '-.1 t. .. 1' 

'1".;< S'T'I'NC' §--<r\N<::<'TR1' '(VI'II'ON ~ '!\.::[''It 1)1<::«'[ T --<S'I£)N J.J:'.I<' .. J;';8', '~ .. '.1. <.~ t.J., t.8 .. :' )-\J.O;:::.'.1 0 .,' .:S<.. \ .. 

This chapter contains the construcbon of the sv(:;h::rnhardvJare, and testing of the !~ntlre 
, J ,.,. 

By:,tern and abo the casing of the entire ::;ystem hard'ware, 

4.2 Construction 

The sy::;tem construction was achieved by first plac1ng the cotnponents teluporary on tbe 

breadboard to act~nlly test the system han.bN<:lre, after \vhich all the (:bctrical cmrtponent rnakeup 

of the project circuit \vas 18Xer transferred to the verDboardm:d ~~oldered 3mB} wires VJere used in 

the >,',tiring connection of the projcGt. The c!xcuit,xa.::; then cased in a hlack casing v.;'lth the 

telUpt:rature Ben§.or brought to the outside of the plastic casing, The sprinkler system ',;vas 

COHsU'ud(;d using a small (l,TW water purnp ','-,lith a nozzle for the sprinkk water to rJH3 rmtside 

This was placed on the plastic casing comaining the projecf circuit. The plastic casing "vas 

painted black using a brush color paint and a tube outlet to the sprinkler sy::;tem "vas provided. to 

enable extension of kn2th, , ,-, 

4,3 System Testing 

The Bystem ha.rrhvam >~vas wswd by placing the buiL flre dete;;.:tion and control circuit in a 

caged environrnent and bringing out the cord connected to the semor to the outside, The sensor 

" "1 .3j'11l' h OJ' " f:f':" Vias aDO've tne water spnUK er an'.l s ~!Je,!,-!e(! hom te SpnnKler to prevent water tfOm a lect111g It 

Tht: Bprink1er syt'item was connected to a feed water tank ';vhkh s,,~rved as the water supply. The 

circuit breaker 'lNas connected to comrol the rualns supply, 
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The procedure for the testing of Ihe Fire Alarm Sprinkkr Systern was carried out as 

described' 

1, \Vater 'Yvas fed into the 'Hater sprinkler tank tiE it 'NH;:; half fbH of water to activeJe the 

water sprinkling action by fhe sprinkler when needt~d, 

2" The two extemd circuit breaker connector 'wires hom the pn~iect circuit ';'Jere carried out 

and connected to the test bulb to iHustrat:0 the circuit hrei~.k.inQ a(:tion, Pohdties \lyere not 
. - . 

considered during the connection, 

}, The eXlemd DC power (·olHlection \vires wen~ carried (Ill!. and connected to (1 12V DC 

Voltage power supply '>..'lith the positive and negative td'!l':inals c.;:)tmected properly, 

4. The project circuit was nov,,- setup, A pw(.;srng iron 'WH$ placed near the heat sensor, and 

after a whik the bulb tripped off This indic<tfes that heat or fire lsbeing detected, 

5. The pres~.,ing iron "vas v.,rIthdrawn frOlu the heat Sensor and the bulb tri pped on again, This 

indicates that the initial detection was rnerdy a faLwalarm, 

6, The press~ng iron was nmv l;laced :ne.ar the semCf a.gam for a\vhik again without 

withdrawfi/ and for about 60 seconds after tbe bulh switched otT; the sprinkler 'vvas 

in a plastic c(ising \vith the foUowing factors taken into corgiderations 

~ Space occupied 

,<\Uowance for heat dissipation 

Ease c:<f insulation 

Thermal conductivity 
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~ Port<ibility of the project 

The dirnenskms of the casi.ng are. 

*' Height~" I Oem 

• \Vidth::: 6ern 

The veroboa.rd \vas sCfe'yved on th(~ plastic casing. 

The control circu1t is attacbed tu a board placed in the bGus!~ while the drcuit breaker jt{ 

conneceted to the rnains supply ofthe hCluse. The water sprinkler and heat sensing onit is attached 

t.o the area of the house whose fire is to be detected. 

The ccnne<:,tion diagram iHustrating hoy: the fire Alarm Sprinkkr systernis connected and ,,vi red 

WatM Sprinkler 

Heat sensor 

Wim connected to project circuit 



CONCLUSIO NANDRECOivH\lE NDA. TIONS 

5.1 Introduction 

Thi:!\ chapter shuws the cDnclusion thHt were dmv/n frDtH this project some of the 

lirnitH!.ions that ,Here encounter in the course of the project work ktnd also sorae recornmenciatiol1s 

that could be useful to the prospective designer of a pr~iect of thi:.:; 1:ype 

5.2 Cundwdon 

The design, construction and testing of the fire detectlDn <'lnd control sY:'item with delay 

to produce a temperature detector circuitwnlch v-/t;utd detect the nre, wait t~Jr a period of 60 

seconds to ensure it i:!\ net a fibt~ aiarrn, a_nd trigger a ::>p6nkkr pump and circuit !.;reaker to 

attempt to control the fire_ This \vas achieved byu~-nng a delay circuit interfaced to the 

temperature detector circuit so as to provide a dday tirning after -~vhich the fire control systern i.s 

setup-

This project is of great signifkance to the svorld in rf1m~t enables the saving of E.,,,'e5 and 

-" f: " 11 ~"'-()r',<",..,v ''''''~)ln -;-r'" (,-, ,t"'r'oo"" iT' a rea-"'-)"1" 1 Po ,,;y,'-e'1
t 

to '-_);"' V-"" _,_" .', ,-, v ,.".hV ",,-,., ," ., "' ,,-'" ",_v ,,-- ". ",-

5.3 Li"mitatioll 

L The watt:1' sprinkler system is a DC motor 'Nhich may not be totaHy effident in (ornbating 

the 50I..1rc'.=; of fire outbrt:ak- AlSO, the \'-later sprinkler 1snnt rotational so it only attempts to 

cod:Jat the det€..:cted nre in a geognxphicai f;pread only_ 
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IL The system' i:l operation is completely dependent on the presence oflight (electricity) Thus" 

the systefn does not operate during power failure. 

Hi. There is also the problem of interruption of pO\Ver supply during construction. 

IV, As the rlehy timing circuit is fixed and not adjusUlbb. the system can only be used in 

be cl1()ugh to cause a major Hre catastrophe, 

v The tirning attitude of the prc~ect .is carried Gut using digital decade counter devices, thus, 

the use of A. C volta,ge to power the:-;e devicesrnay cause inaccuracy in the timing hehavior 

of the circuit 

1 Future vyork can be done on this Are detection and c<>ntrDI system using a sm.oke detector, 

2 I\ practical fire extinguisher should be incorporated in the system 

3. There should be the provision of a backuppo\.wr suppl:·,. during interruption of the PHCN 

{pO'Nel' holding cOlnpany of Nigeria) suppJy 
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