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ABSTRACT 

This proJect is on the design and (;Onstrudion of Dornestic: fim a!arrn usable 

by both urban and rural rhvellers and affordable by the qeneral populace. 

it's been pc}'"vernd by 6 vofts baUery supply so as to care of rural areas 

where there are no public pmver supply. 

Tho aiarm detects both smoke and heat by 1ho use uf !iUht dependent 

The '/iork is started by introduction to thfl general prerniso foHowed by 

literature review~ design analysis, construction and testinn discussion of 

resuH~ condusion and recommendation . 
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CHAPTER ONE 

'1 JJ iNTRODUCTION 

Statistic shews that ever 50'% of fire accidents are from flomes and only 

about 1 O~'!;' of fire accidents are brounht undor rescuH; 90'X, unrOSCUf1d 

leading to heavy loss of lives and properties wol1h millions 01 Naira annually 

hence the need for safer precautionary rneasi...lrp to reduce this litH disastor. 

Table 1.0 on the next page shows Ihe static of fire/mscue incid'mt lor Niger 

poopie Hady enough of firo incidpnts or outbreak l.Ne be of great help in 

reducing the loss caused by the incident The SystHfn adopted for this project 

is the one that dGtects both smoke and hnat, ;:md alert the pnople nHafest 

t
'1 fhf.'s. r .. j'J,~cp 1"1;<' i~' (i0"~;gnnd .!r; t"n<":"<i<p, ;~ r·eli::,})!() ·'H;r< '-~'''lP<:3n <:3.' <YH 'ch' '~s .~ , ,~ ~ I(A ", ! l0 "-~> '- G ..•. !. --,;; "j, nn" .... !( . ldi... .' (,,, .. .1 '"I v'-.,~. '-".) ! <it} 'q" 

possible by using the rnost tnliable and ChC:'i3poSt avaiL::lb!u. materials Hnd 

also ma.king it possib!H to bH used anY'>'/here by rnaking its sourco of povvor 

from drj cells, 

J 



1, 1 UTERATURE REViEW 

Owing mainly to the fact thai homes consist of different materials such as 

fabrics, wood, life electric Gables, cooking gas, kerosine, infiarnrnableliquids 

aCcidental fire oW break and each exhibit different properUI::s in the 

1:1.1 SMOKE DETECTORS 

Srnoke is a dispersion of fine1y divided solids in [ .. psoous rnEx1iurn 

which Gould corne from incompletE-: C<::Jmbustion of organic rnaller such as 

tobacco, wood and coal soot or carbon block; oll vapour rniSis f4.J 

II is produced from smouldering and flaming combUstion .. The srnoke frorn 

smouldering tends to have bigger particles compared to that fmrn flaming 

combUstion, so the detector rnus~ be able to detect bcllh typos of the srnokH, 

There are two types of srnoke dHtectors 



The ionisation detector is ko(vyvn to be vHry sensHivH to smoke so that one 

could expect falsH alarrn in homes, For exarnpk7. in a house \Vherf: von have 

a cigarette smoker Of vvh8fe you have litHe smoke herE' and there in the 

Kitchen Bither due to incornpfete Gornbution of cookinq fue! like kerosene or 

even accidental burning of paper cdc, Hence they axe too good or 

appropriate as smoke det(300rS for the dornestic fire alarms, They dJe 've:,P/ 

lBlocommun!catlon gadgGts, gas plants etc. vvhere just litHe fin: or srnoke can 

cause an enOHnous damage to the whole systenL 

Photo ceils like photodiodes 1 photoresistors, photo!ransistors etc. are 

used as detectors. (PrecisH!Y for lhis project the pholoreGistnr is used as the 

detector) The physical phenomena that affects this method is obscuration 

and scaHerinq. The size of smoke particles is VHP/ important for optical 

detedion systems. The ~,jze of the smoke particiHs should be Gornparab!e 

with the wave length at the light passing through the srnokf\ In practice this 

means that only the larger particles of 500nm or more have any (1ppreciable 

etfeeL 



Obscuration system: 

These are the earlio3t types of smoki} detectors ;cJnd are Sf.msitivo to 

flttHntion of bearn of light shinning across a space caused by scaUering and 

absorption of the light by smoke partides, 

This !s described by the Beer Lambert' la\v: 

\:Vhere i is the intensity of a length e of a light path through smoke laden air 

c ;::: cOf;c:entratlon of srnoke particles, 

k :;;; a constant 

In this system, a Gurren! flows frcHn the photoceli detectors alvvays but is 

reduced by smoke vvhlch scatters and absorbs some of the light 

The scattering type: 

This type depends on scattered light frurn 3uspcndcd srnoke partieies the 

physical !all'! governing the scaHering of liqhl frOfrl smoke partjde3 13 a 

compfex one being described for very srnall particlos by Rayleigh theory also 

for the particles of thn order of the V'-/fwe length ot !i9ht by i'Ales theory, 

These Hmories hOlt/ever can not be llsed to describu the light scattering at 

srooke part/cules dHspHe the tacl tahat the anmunt of ~>caH8ring produce bV 

srnake has been sho</m to be proportional to the \,-vavelcngth, The general 



elernents trom light paths. This labyrinths can resist the flow of srnoku 

vciocHy, Dirt tends to block this clvmrKd anti unc;e the H9ht output source is 

\/ery knv the response of the photocell becomr3s low", U\;;ht emitting diodes 

are used 10 produce more rf.;liable light 

Optical beam type 

This type uses n bearn of Hght to detect any fire at any point aJong its path, 

it consists of a pulsed light source producing a focused beam INhich 

possibly after reflection oJ the light bearn by srnok,G or irreqularly dHfleGted 

There ate two classes of heat detectors; 

1. Point detector. 

The point detector protects a srna!! area around itsolL These rnust operate 

INHhin specified for rates of ternperature rise be!vveen 1 (Ie per minute and 

rninute, And when rise betvveen tho rate of rise in t(;rnperature 

is less than 



The detectors are sensitive (-~!8rnGnts prosnnt in a CfJnHnuous tine oithnr in 

the form of a lonowire or a kmg tube containinq f!ukL They aTe responsive 

to heating arising frorn a developing fire, 

TYPES OF HEAT DETECTORS 

'1, Fl)ted temperature heat detectors. 

This type of heat dt:)tector makos use n! the' ternperature dependent 

change In physical propel1y of rnatcrla! e9, the bknetalHc strip which 

js made up of h'Vo metal strips of different coefficient of expansion and 

with an increase in temperature, Or a tPf11pOfafure dependont 

resistor {thorrnistor) ',';IhO$(J rosistanco changos with a corresponding 

2, Rate of rise detectors, 

Theso types of detectors rna,ke use·· of tho raif~ at 'ivhieh the 

toroperatum of the environment increasos, \Nhen this rare exceeds a 

rninimunl rate, It can bE' oblained by using bvo olernents thai responds 

ternperature, the lov"/ thermal capacity e!enlf.mt will heat up Jaster tha.n 



elernenl wili eventually catch up with the high ihermal capacity 

B!ertH"3D! l~vhic:h thGn close up the alarm circuit VVherBas l,vhen the 

rate of rLse in temperature is low, the cHeet 01 the 1\:\>'0 BJernents 

fact that sorne dorneslic fire outburst are accompanit1d by low riso in 

ternperature, 

Heat SBnsitiV(} d(:~tectors a/l ha.\le a norninal opfnatin9 ternperaJure 

usually some 3cIc abo\lG ambiGnt temperature of their surrounding 

V>lhich ensures norH)peration under normal conditions. [) 1 



CHAPTER TWO 

2J) DESIGN ANAL YSfS 

properties in \vhich they depend (liqht intensity for the photo rpsistor and 

heat for thp thormistor) is arnp!ifipd vvith the use of !ransistof" to triGger Oil the 

alarnt 

2,1 COMPONENTS USED AND THEiR SYMBOLS 

Therrnistor or thermal resistor 

\/ariab!e rt}sistor 

Fixed valued rt3sis10r 

Bipolar junction transistor (8,JT) 

Light Dependent Resistor (LDR) or photoresistor 

": 
$~~./"~ 

tj'--,. 

;;j 
i-',.,J 
I 

Thf3 LDR which is also called photoconducHve eel! is a two terrnina! 

'I " .. :"; 



vvith increasing Hght 

intensity, 

Thermistor 

The Ihtvrnistof (anothc'f na.rnf} for the therrnal resistor) is a 

ternpemture sensiUw~ resistor which are of two types: 

The nogative tempofature coefficient type (NTC) and 

The positive tempemtuw Goefficiont type (FTC) 

They are made from sintered mixture of the oxides of nickel, line, 

copper and rnanganese, 

The t}ositive ternrJerature coefficient l';~)e (FTC) .,,--.... ~ ..... ~.-.. t._._ .... ~ .. _ ... ~_ .... ~._ ... ,,_ ....... _ ........ _ ..... "." ..... _ .. _._ .... x . .t .. _ .. _ ... ~ ....... _.,. 

They are made of current semiconductor rn;:-}teria! bttrium titanate, This 

thfl crystallites oj- bariurn Hlanate changt? from the If;tragona! to cubic 

structure, The transition is accornpanied by a rnarked change in electrical 

properties, in par1icular the resis~anco \vhiCh incroases by several POVtf8rS of 

10 \vhen tho tf:rnporature reaches the curie 

resistance lncrf.;ases can be se/r:cted by suitable doping of the barium 

titanate. [1} 

1.1 



Variabie resistor 

resistance wilhin a specified limit. The value aHached 10 Ihe resistor fells of 

Ihe maximum resistance attainable bv that particular resistor. For example 
.~ . ~ 

at 
0 

Kfl variable resistor mGans its rosislance can bF3 varied frorn fJ. H1KO 

Frxed value resistor 

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

Ught source 

This is a 6 Volts Tungsten filarnEmt bUlb. 

B~porar Junction transistor {8JT} 

A bipolar junction transistor (8.3T) is a three terminal device with a 

p-n·p slructufn shovv'n bG!ow. In tier 2.'1.3. which also defines the syrnbols 

and the terminals of tho riHvices (emitter base and collector). 

FIG. ~~.1.a 

:L2 



The anO'N on the emittor leg serves the purpose of distinguishing botwGcn 

the erniHGr and the collector terrnlna!s VI/hiGh cannot be intorchanged and 

also the arro~'v denotes l,hu direction of conventional current flQl,IV throunh the 

devices prO'vlding cilsmirnination between l,he 5vrnbollor th(: n"p'{11ransistor 

given the syrnbol u;. The Gommon base current qain of the both transistor ~ 

tamrnon base since th() base terrninai is comrnon to both the input port 

mniHer~ba.so and the output port (conector~base) thus, 

r;9.ufLmQL~.<;~1!rUint ,Jc ~::t~ "~,h ... y",~.~,,,,~,,'hY"Y~'h'Y" (2.'1.2) 
EmWer current IF 

duterrnined by combining equation 2. '1. i and 2.1.2 as 'fOHVNS . 

.QQ1~QctqL9..prL?DL :::: J c ;;:J'! ...... ~ :::: f) 
basH curren! Is 1 ~ 0 .. 

n is ten-ned thp cornrnon emiHBr current gain, \,-vHh it's input at lhf? base, 



henGe do1errninr' {( to D.JT 'Nhose IT1eaSUHsd f) is 100 

2:2 CIRCUiT ANALYSiS 

~~:2, 1 SMOKE DETECTiNG CiRCUIT 

r"'~·····r······~'''······-''·····!~·····------·''····~·''···· ... "" ...... _, ....... _ ...... --~"." ... ~'".---~_ ..... _ .. --r ..... " ...... \ n l.;:rrr~i 
iii i ./ b(> unJey\ j :: tn .... ~ __ ... _· .. ·_ -···-···,...... .................................... -~i __ / " , i ; 
1 : i ! 
j : rl'f . 
i >f ; 

-~ "r' r-~I 
1. :; 

; i I i j ! t .. ·· .... ··-Cr .. ,.j·,,·,·, i 
q" ( .. , .. , . i i i', ,,., :-'. i 

-.1.-1 l j T" i-'" i " .. , .... -- .... " .. j " .... '; :L ....... -r""·' 
; .. '. t "" /...t:~ : t·, .. ~ p.' , i ':j, 

'I' ·''''''3 "'"f > i !': , '>j.\ ~'y) j 

: i r' "'f" ; I ;! :; I 

L,~·.~.~:f ... "::~ .. -'~ .. ~.~ .. J.·~" ... :::.::~" ...... ~ ....... _ ....... ~.,,_ .. __ ""''' ... J 

:IA 



The Lqht d8pendf~n! resistor has lovv rC~:'Hst8ncc in the:; preseno;: or light and 

The LDR is i!!urninatcdwith a constant !!qht from the TU!lqslen tHarnent as 

shOVV!l in the circuli diagram fig, 2.2.1 So as to maintain a constant 

resistanc8 for the LDR e\/Bn in tho dark. lakin] care of nlpht and day of 

Hlurnlnaled roorns and dark rooms. 

As the LDR is iHurnlnat8d, the rGsistance 1S so 10\(>/ as C).SKU lower 

than the value of IhE; resistor at the base of transistor i whkhvalue of 

, OR ,..j!' '!. • . t~··· ~ I' . t 0 L J 8.nu\nere \;VIIl or; an lnSU i!C!Ont nass current ,0 t "l0 translS or. 00 no 

sional to tl.'!{loer on the alarrrL But 'whon them is srnoKe, it nroejuces a shield 
.. -J' .. j,~ ~ 

very little current therefore the- alann can rH)t 1riqqer eve!!; 'Nhe!l there is 

smoKe, !f too kw,f the 8!,3nri cornes on (·:\/en when th!}f8 ls no srrmKe, So it 

has to be adjusted t.o a value such that !h(} diann CCjnles on onlY' vvhen there 

is smoke, 

"( ,.-
.: .. :) 



22.2 HEAT DETECTiNG CIRCUiT 

r ......... ~····· ... .--.--··-·· .. ·~-······ ......... -···-·· .. ---·· "y.-•• - •• ~~-•• - •• ,~. ....... • ""'- •• ,... ~ 1~-"""" . 1 

i 1:1 . . ................... · .... ·-.. ·i,·~:::·: .. ~.:~:.·.::" ... ·:·::::: .. :··:~:~.·::.~::~ ........ ~) f.~~~l:l~~lp·r . 
i 
. .J" i.: i tL 1 
i C'L I 

-<' r., ',: ....................... ..j 
. ..,... •. , I 

! ! i 

I:' ! I 
i : 

~~:;::~{.-J :.: 
j Y·. >; !"""\ ,'.. . ! 

.~ ... ~ ; j ~ fi 

r :~ L. ....... -.. t,/ 
r.· i ! I' i "~ 

: I [<," i i l,.- : 
! i I r i 

ii, 
l ... - ...... _ ...... ,_ ..... ~ ........ ~ .... .L ................................................................ _.1 

Looking at the circuit diaqmrn above in fjquro 2.2.2, Fiesistor R;! ha.s such a 

reS1;:>tancH valw} that is lmver than the resistance vaiw) of 1hc therrnlstcr at 

LC 



resistance of the thermistor dficreases with increase in temperature, So 

Gurrent to the tranSistor therefore lhfi alarm is off. Bul whfm R. becomes 
/. 

J 'j 



2:3 CONSTRUCTION AND TESTfNG 

CONSTRUCTiON 

,....-.--.... ~ ....•... --.... - ~ 
I t' j BaUer1; " / .... '" I : ' , I ' 
L .... ---...... ---...... ~-....... ---....... ~-....... ~-....... --..... --....... --.. · .. ·~-· .. · .. I 

:; e8.rd ~·-···· .... i· .. r······· .. -········ .. -········ .. ········· .. ··· ...... _-.......... -....... -........ _-....... _-...... \: 
: l / : ! ijl-· .... ·_-.... ·· ........ ·· .. ···A ......... --.............. f"-'''i ; 

........ _._ ..... /~,: /1:,;:·····, >-i ~ ...... - .......... -......... -........ ~ ....... - ................ '~-'" ~~",,·...,....,J1·1: . ,. ) l 

,.)J R ----- . I ...... ,,-............ --.. Ii- Vf:' ( 
i '--_ .... ; r .. --· .. · i <-

I I '. ! ! 
L! ... ~··'..... ! "'" »"J 

! ! .~, 

r1~' ::.r·vr:. ... ~ ... __ .... __ ... ,..~~:::.~ .. :) , ........... _ .. _ .. ~._. __ .. , __ . 

: "! 
LuU) 

, 
.~- .. -... -.- .. -... ~- .. -.. ---. 2" "Is -f" r ;j T} C.::. 

/' 
}~ (> -r' 

FIG 2<L1 b CROSS SECTION OF THE FiN!SHED FRODUCT 



Smoke detector ......... -.......... - ......... _ ............ _ ............. _ ........... _ .............. ; ......... -...... . 

Only the lran::.~lstor Dariinwn paH', the base rr}s!stor and the variable 

n:~sLstOf" are ~>Gklen:·;d !n the ferro bGcud as she\-vn in the eire!)!! din.!grarn diq 
. '. v 

2:~L j a} with t\l'>"o points on the bO;}Jd 8f:; the power supply input points 

(pOSHiVB and neuative {)()ints/\, The bulb whlch is the lioht source vdth the ~ t ~ 

LDR arp fitted inside (1 black box as shown in fiqure 2:3,1 b so as to prn\lent 

natura! liGht ur ext(;rnal li(1ht 'iariation from aJh3ctinu the (v;eratina noint of .... ) "j .j ~. .;;1 ~ 

the LDR, bul t.hE! box is 'yvith such an of}enino that aHows the entranCG of t _~ 

bpr;;:'~'jC;p of t<~)P !··',P(.'·;* (J0n"·lr:::>"0'~ l'"}\f tho !lrj\.-"t \.-~llP·',· Th0!ern+l~:,jo::; nf- l'}nt1ll hn .... -.'--...... <. .. '.../ . .-....... ~ .' .. ' ••..• o;.~ . .../ '.-./ ~_),~,.~/ ... j ~ X .. ~~,.. ~ ••• ~., ) ...... -..-.• L, . ~ ~,~", ~ ". i 5 "t .. ,).(............ i . ..... (.~, <;.~ ~\.. ... , ~, 

LDR and the liGht bUlb are connected to the po\vcr supply pomt on the 

tho hi?ai detector circuli fmrn entminq into the srnok{! dctecrfJf circuit and vls-

__ ..... __ .... J:i.?ill ... Q!Al@.£Jpt 

The construction of tho heat de!f:lctor is similar to the· one' df}Scribed 

for the smoKe detector atmv8 except that H has its own separate circuit from 

therrn[stm that is exposed as shown in fiq 2:3,1 h 2nd ils circuit 3hares the 

c;;·'rr,(,l r,n'y'.!i'.!f SI lnr;lv 'vA 'it}1 t\',0 c;rr'nK',0 ('lp~ n('tcv ei fn ;!\. (,"H"'-' tl~:(.\ (J'lilnul r:ollHctor .. .,. ... .l • ..... .1 ..... '!> \..... ... • t~· ~ ~) <: ¥" ~ ~ ...... .... t ,.. ../ .. .l ..... {.......... ..~ ~ '--". -,~"". ~ ~ .• .1 ~. -.' -. to.· ,.... .. 

current of the lransisl.or dadinton pair is connected to thu same alarm 

sounder via f} diode as sho\--vn in fig, 2:3,1 El. due to tho rcason ~*-1ted above 

earlk·;r, 

~ ..... 
. :. ::) 



2:3.2 TESTING 

photnrf:SistOf in diffef"en!stales listed below; 

(1) Dark 

Under bulb Wurninaiion 

VVhen srncke is prosent 

R·!rc.nT'r '("'F '//":' ll"­r --" '"'J ~~ \;. - \1 '''L' ,' __ --···:':'::·~:·\:· ........ -~··:'.·...:!...-.~ .. ::::....-.. Y...~l_ .... :,:~ 



CHAPTER THREE 

Syrnbol used in tht-:; table: ot Hosu!t 

v s 

B Pestill unck:r Bulb illumination 

RF~sult under Bulb illumination 

\Nith the presence 01 Snloke 

D Dark 

x 

P"()f S'j'nn,..,,! ...... '_-. ~.j~ :c< 

Tab!n 3a 

)1 



Table 3b 

;1 i DiSCUSSION OF RESULT 

but 500n is preHerabl8 O"lJinf.J to the fac:t thaJ resistance of 

the t)hoto resistor at B (resistance under 8ulb B!urnit~ation! IS t, ' 

about 2000 SO that if \/0 is rnado ~~OOnt anv litt!E} reductlofj in 
: \ . 

the intensity of tight will Dive an alanr'! siqnai and this 

increases the probability otfa!5e a!arrrL 



enough to povJer it And a n:day wI!! be used so as to be to 

rnake use of the srnaH current at the collector of the transistor 

darlington pair to trigger on tM alarm. This means that the 

alarm will only make use of its power source when triggered by 

the relay. Tl!ls also saves lot of eneroy· 
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