A PROJECT REPORT
L

DESIGN AND CONSTRUCTION OF
DOMESTIC Fing ALARM USING sMOKE AND HEAT
BETECTOR

BY

AJAKAIYE DAVIDSON ADEKUNLE

DEPARTMENT O ELECTRICAL AND LOMPUTER
ENGINEERING,
SCHOOL OF ENGINEERING AND ENGINEERING
TECHNOLOGY
FEDERAL UNIVERSITY OF TECHNOLOGY,
MINNA

NIGEF STATE

DECEMBER, 1998




CERTIFICATION

This is 1o Gerify that this work was cartied out by Alakaive I, Adekunle of

the Departrmert of Electrical and Lomputer Enginesring,  School

Engineering and Tachnology, Federal Universily of Technology Minna,

gﬁﬁerwésay‘a Signature " Date

H. 0.0 Signature B




ABSTRACT

This project is on the design and conatruction of Domestic fire alarm ysabis

by both urban and rura dwellers and affordable by the general populaces,

t

mear

453

besn powered by 6 volls ballery supply so as 1o care of rural aregs

where there are nn public power supply,

The slarm detects buth smoke ang heal by the use of foht dependent
resistior {1 0 Hi and tharmal resisins respectively,
The work iz started by infroduction 1o the general premize foliowerd by
Herature review, design analysis, sonstruction and festing discussion if

resull, conclusion and renommendation,
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CHAPTER ONE

1.4 MTRODUCTION

Sintintic shows that Ovar BOW,

Hre accidentis A from

- homes and oy
i T0% of fire acciden

are brought un er resoug; 909

Yo LHWESOG
eading 10 heavy nas of v

&8 and properies worh reificng of Mair annually
henee the need for safer precautionan Y measurs to reduce this
Tabls

e disaster,
He 1.0 o the nex page shows ihe static of firefrescus ing

cident for Miger
stale for the vear 10ug angd 1

Y987 gotten from Ni ger siale Fire Servie

Seeing that it is fust about 10% of the fre accidents that ig brought under
control, s taught wise that » Sys

slerm or device ke an alarm system o alen
Bie early enough of fire incddents or oy

reak we be of great hels
reducing the loss caused by the

ciddent, The system acdo; pledior this project
S the ong that detects both 8m

moke and heat, and ¢

et the people negrost
o the place, This is designed

o make i reliable and cheap as
possible by using the most refiab

e and chesa; et aw

Hable materials and
also making i possitle to be uzed

anywhare by maki frigy it

from dn

5 source of power
y calls,




L1 LITERATURE REVIEW

Owing mainly 1o the fact that homes o sist of differan maderials such as
fabiics, wood, fife electic cables, cogki MY gas, kerosing, ?i”‘;fﬁéﬁ’}’?,mai}ﬁé‘?ffguﬁdﬁi
K2 proessirised insecticides ele tha SBVES 35 fuel for combustion dhuring

accidentad fire o break and each Bxiibit differery propertiss in the
production of heat and SINOKS during combiustion{some prodduce g ot of
smoke whils zome moduce g o of heat) it is most sultable 1o use hoth
smoke and heat sensorg iy Htansousty ag datectors for domesiic e fire glarm

wl f(i’;i ‘{y}\,-.
111 BMOKE DETECTORS

Smoke is g thsparsion of finely divided soligs 1 gaseous madium
which could come from i mplels combustion of o Crganic matter such as

ohacos, wood and cos 800t or carbon Blook; off vapour misse 4]

His produped bo B smcuiderin g and famin W combustion, The sinoke from

smouldering tends 1o have b vigger particles compared 1o that from ¢ Haming
Combustion, so the da etector must be ahlp o detect both types of the smoke.

There are two types of smoke detectors
{1y It Hon detentor

{2} Optical detertors,

Lt



The lorisation detector is known 1o be vary sensifive 1o smoke so that one
could expect false alarn in homes, For exarmpiz in 3 house whers vou have
a vigaretis smoker or where you have litfle  smoke here and thare in the
kitchen sither due 1o incomplete combution of cooking tue! like kerossns or
gven acciderdal buming of paper elo Hencs they are oo g;;f:z%}g;% or
appropriaie as smoke detectors for the ri omiestic fire alarms, They are vary
good and usehd in location such as compulsr sulles that are air conditioned
andd o smcking areas Bke petrol stetions, sleciric powsr  stalions,
telecommunication gadgets, gas plants ete. where just Btle fire or smoke can

causg an senonmous damags to the whole sysiem.

2. Dotical deteciors

Photo cells like photodiodes, photorasisiors, photolransisions glo. are
wed ag deteciors. {(Precisely for this project, the pholresistor is used as the
detactorn The physical phenomena that atfenis this method is obscuration
and scattering, The size of smoke particles is very imporiant for oplical
detection systems. The size of he smoks particles should be comparable
with the wave length al the Hight passing through the smoke. In practice th

maans that only the larger particles of 500nm or more have any appreciable

eitoct,




Dbscuration system:

Thess arg the earliest types of smoks delentors and are sensitive 1o
attention of beam of ight shinning across & space caused by scaliering and

osorption of the ght by smoke particies,

This is described by the Besr Lambet' Law:

Where Hs the Intensity of a length ¢ of a light path through smoke laden air
I, 18 the inilal indensity of the Hobd source
¢ = connerdration of smoks particles,

B o= g oonsiant

i this system, g current Hows from the photocel! deteciors ahways but is

raduced by smoke which soatters and absorbs some of the fight

The scattering lype:

This type depends on scattered lght from suspended smoke parficlas the
physical law governing the scallering of light from smoke particles i a
complex one being described for very amsl particles by Rayleigh theory also
for the particles of the order of the wave length of light by Mieg theory,

These theotes however can not be used fo describe the light scattering of

i

smoke particules despite the fact tshat the ameunt of scatiering produce by
smoke has been shown 1o be proportional 1o the wavelength. The general

construction of this is such that shislds are included 1o protect the detecting




elemants from light paths. This labyringhs can resist the flow of smoke
vatocily, i tends to blook this channel and once the light output source is
very low the response of the photocell bacomes fow. Light emifling dicdes

are used to produce more refiable light,

Optical beam type

This fype uses & beam ol light (o delect any fire & any point along is path,

i oconsisis of a pulsed Hght sowrce producing a focused beam which
possitdy after reflection of the light beam by smoks or reguiarly deliecied
by air corvention {excessive refraction) due o the presence of Hre causes

an attenuation of the beam and is detecisd by the detector

11 HEAT DETECTORS

Therg are two casses of heat detestors:
1. Point detscior,

The point daetector prodects 2 small arsa arcund itself, These must operale
within specified oy rates of termperature rise between 190 per minue and

300 per mingde, And whan rise belween the rate of dse in temperature

o
Y

puEN

iz lpus than 190 per minute also a8l fned temperaiure between 54°C

o o {3
ardd 82 10 TED.
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2. Line dotecior,

The delectors are sensitive elerments present in a cordinuous ine either in
thes form of a long wire or 2 long tube containing fluld. They are rESROnSve

o heating ansing from a developing fire

TYPES OF HEAT DETECTORS

Thers are two tvpes of head deteciors.

1. Fized temperature hest deteciors,

This type of heat delector makes use of the temperature dependent
changs in physical property of material g, the bimetallic stip which
s made up of two metal strips of differant coeflicient of sxpansion and
witht an increass  in temperalure. O g ismperature dependent

kY

resistor (hermistorn whose resistance changes with a comrgaponding

change i igmperalure,
Z. Hale of rise deteciors,

These iypes of deleciors make use- of e mls gt which the
temperature of the envitonment increases, When this rate excesds 3
v rate, 1 can be oblained by using two elements thatl responds
o mmperatre change at different rate. When there 18 high nse in
wwmperature, the low thermad capachy slement will heat up faster than

thi high thermal capacly element and the low ihermal capadily




semant wit gventually cairh U with the hig 3 tharmgd Capacity
slement which then close up the alarm chreuit. Whersas when the

rate of rise in femperature s v, the effer of e two alemenis

Cancels each gthor

For this project | have chosen the fbed temperature BYDE Owing fo the

Z

act that some domestic fire outburst are aer Ompanied by low rise in

temperaturn,
Heat sensitive detecin o5 all have a nominal Dperating temperature
usually some 30°C above amnbient femperatiurs of & thelr surround 18ty

which ensures non-o peration under normal conditions. 13




CHAPTER Two

20 DERIGHN ANALYSIS

The sensors (ihe photoresisior and the the: HERIGTS

e cormected across g

vollags source for supply of nurrenia atid the curram Suput signal from the

SENSIS 8r8 as & result of o Changs in their resigr ances dus o change in

properties in whickh they depend fip ght intensity for the phoeto resistor and

heal for the thermiston is arnplifind with

,

e use of ransistor fo 1 ricic

Ree ,

ar o the
alarm,

B
s

COMPONENTS Usen AND THEIR SYMBOLS

Light dependent resistor { photores

' £ 7
ixh } ,5{ é‘f &
i T e
M ™,
K;./ NN S 5y
. k3 /yfm

Tharmistor or thermal resistor

Variable resisins

Fied valued rasistor

3
E»»./"‘
! e
Light source <
e
i

Bipolar junction transistor (BJT

Newan
e

Light Dependent Besistor {LDRY or photoresistor

Thi LD which iz aizo nalied photoconduntive nel 9 & two termina




dgevice which has s resistance decreasing with increasing fight

rdensiy.

Thermistior
Tha thermistor (anothey name {or the thermal resisior Yis a

termparature sensitive resistor which ars of two types:

e
ok,
At

The negative temperature coeflicient type (NTC) ang

26y

{2y The positive termperature cosfliclent tvpe (FTC)

The Megative Tempersture Costlicient Tyos (MNig

This type has #s resistance decreasing with ncreass in temperaturs.
They are made rom sintered mikure of the oxides of nickel, zing,

copper and Manganess,

The positive lemperalure gostlicient vpe {(PTC

This typs has s esistance ncreasing with increase i temperature.
They are made of current semiconducior maleral barhum tlanate, This
cornpound has g ransiion iemperalure known as the ounte point at which
he orysialiites of bardum flanate change from the istragonal to cublo
structure. The transition i3 secompanied by a marked changs in electical
properties, in paricular the resistance which increases by several powers of
10 when the temperature reaches the cute  point (12°C) the range of
resistance increases can be selected by sullable doping of the barium

titanaie. 14}




Yariahie resizior

- The resistance of this type of i BEIRION can be var fed lo a dosired

resisiance Within

cned 1o the resistny tedls of
the maximum resistance altainahis by that particular resisipr. ©

o

b4

poery

UK variagbis resistor means 18 resistance ¢ can be varisd from - 10RO

Fixed valye resiztor

R Thess are resistors that have their resistance values permanent,

Light source

This is 4 8 Voltg Tungsten Hament buh,

Bipoler Junction fransisior (BT

A bipotar function transistor BT} is g thres terminal devies w

with &

Dase, a coliectnr and smitisr | 205, i can be feiresentad by two diode F3-13-13,

PeD strushins shown below. in fig. 2.1 .8 which also defines the symbois

and the termingls of i

e dovices {omilter base an ncd coller §1sin)

o o 41 :
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7 ‘z," e o
- ¥ e
."v b \‘.
”_»J i1
H e ‘s
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- i
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L

vERS

The arrow on the emitter leg serves the punose of dis stinguishing belwoen
the emitter and the collector terminals which cannot be interchar rigyedd andg
atsn the arrow denotes the direction of conventional current fow through the

devices providing discrimination between the symbo! for the n-p-n fransistor

and s pn-p countsmart,

Whare i, 4 and i, ams the emilier collector and base current respectively.

“§

BJT cogrent omn

The fraction of the emilter current appeanng as collector current is
given the symbol g, The oft base current gamn e hothy ransisior -

corrnon base since the base terminal 8 common o bolh the inpul port

arritier-base and the ouiput port {collecior-base) thus,

collentorourrent . b =a e s e (2.1.4)
Drnitter current 25:.:

The ratio {3 of the colisctor current to Dase curant oan be
determined by combining sgugtion 211 and 2.1.2 as follows.

Sinoe lp= 1+l

collecior current = Loo=ig | ow [ e {201 33
base current by 1 - o

4 is termed the common emitter current gain,  with s input at the base

sy
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CIRCUIT ANALYSIS

SMOKE DETECTING CIRCIHY
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The ! ik

ight depe
High resistance in the absence of

raduction of Hght intensily.

duminated with a constand

shown in the ool disgram fig. 2.

resistance for the LODR even in the

#Huminaled rooms and dark rooms.

As the DR s filumiy

than the value of the rasisior at the

& resistor i

5. Bul when

to thes LR which increases

~
-

fransisior 1 iherelore there sullicient base

in b tgger on the alarm, The cur
resisior is also delarmined by the val

very Hitle current therefora the alarm ¢

amoke, oo low the alarm oomes on

wied o a value + that

ndard resisior has low ressiance

bt tha

dark. Taking care

-f.‘

nated, the rest

vase of trans:

nasuthicient bagse current

ite resistance

rerd (hat fows

ue of s

can not ingger ¢

in the presence ot s\gi”e’i eiie

il

in it nereanes iz resistanoe with

hght from the Tungsten Hament a3

A B0 sy o mainiain & constand

of night and de

" £ i
fow as 05K k&

stance s g0

stor 1 which valie of

2.2 KL meaning that a ot of current will flow through the

o the ransistorn, 5o no

¥

nere s smoke, # produces g shisld

73 (
LV

above that of the base resisior of

currant for the transistors which

across ithe vanablie

resisiance, oo high i allows

when there is

sven when thare s no smoke, S0 4

oo

e adarm an ont ordy whern thare




2.2.2 HEAT DETECTING CIHOT
o ~ Hlarm
? ;
; S e Gounder
:
TE jr i
{
; i
‘ j
i _ P
; S W S
. 7 £
i 8 i \:-;5,’
},w, . i .,__é"/
1K o
j Ll e
?
Figure 222
The thermistor userd is the NTC type decreasing in resistance with increase

Looking at the clroult diagram above in igure 2.2.2, Hesisior F, has such a
rasistance value that is fower than the resistancs vaiue of the thermistor &
rormad room iemperaturs bul becomes higher at abnoonal room temperaiurs

4 3 l l’ ang ey g, . ey Y po P S $ fy e £fmy
{say 3070 above nommal room temperature) dues o the fact that the




B8istance of the thermisior deor BASes with Increass in 4 SENTRerature, Sn
Hen Fis lower in esint;

iance 1o the hermistor, here
GOSN o the fransistor the

@ alanm s off B when H, becomes
Higher in resisiance & at the abrorme ot temperan HIEe Deoause the re sistance of
the therminigr hag s reduced, those > O0W sutfinient hase Lurrent 1o the baze
OF the transisior WHHCH I sy tume orethe alanr

fo




CONSTRUCTION

CONBTRUCTION AND TESTING
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smoke delscior

Cndy the transisior Daingon pair, the base resistor and the vanable
resisior are solderad 1o the fern board s shown in the clroull diagram (g
Z3tay with two points on the Doard as he power supply input points
{positive and negative points). The bulb which is the ighl sowrce with the

LOR ars fitted Inside 2 black box as shown in figure 2:3.10 o as o prevernd

naturat ight or extemal ight vardation from affecting the operating point of

e LDR, it box s with such an opening that allows  the enfrance of
amcke sasidy, The box is also made from a highly heat resistance malterial

bevauss of the haal generated by the ight bully, The terminals of both th

13

3

LEF and the light bulb are connecled to the power supply poird on the
ferro board with wires, The power supply point are than Hnked 1o the dry
cedfls through wirss too. And the oulput collector current of the darlinton pair
cormected to the alanm with wires fong enough 1o make provision for the
alanm o be placed af convenient points away rom the delector i wanied
The dicdes al the alanm inpuls are o prevent current signals coming from
the hoal detector clroull from entering intn the srmokes detector clrcul? and vis-

R
4.v!¢.’2 g’\,_ &=

Heat delecior

The conatruction of the heat delector is similar 1o the one descrbed
for the smoke detector above except that i has iis own separagie cirowt from
that of the amoke detector on the same fercboard and B i3 only the

P

therrristor that s expossd as shown in Hg 2:3.1 b and its ciroult shares the
sams powesr supply with the smoke detactor ciroul and the oulpul collecior
current of the {ransisior darlinton pair is connecied o the same glamm
sounder via a diode as shown in g, 23018 dus 1o the reason staled sbove

aarhiar,




2132 TESTING

o,

restis carried out for A signal given with the vanous resisiances of the

photoresistos in diffarent states fisted below:

€0

TATE HESIBTANCE varug

~—
o
N

Dark = TR

Under bagth Hurrination = 0K

‘.
HW
R

Tad

—
N

When smoke iz presernt SRRV AN
gl glso oy various resistances of the varable rasistor for L02K0 and

VI
REETS;

)




CHAPTER THREE

3.0 HESBULY .

Symbol used inthe table of Fesyl

Vo o o~ - - Supply Voltage

V. - . - Resistance of Yarable resisior
£ - - - Hasull under Bulb Huminalion
B, - - - Result under Bull Humination
with tha presence of Smoks

iy - - - Dark

X . - - Mo Signal

A . - Poor Signal

o - - - (anod signal

Lok
&

Table

B

¥
DI
2
Ny
%
AN




Table 3b

A4 DIBCUSSION OF REBULTY

From the wble 3s and 30 above, thers are good Signals al Gy

Yoltane supply when smoke 8 press

st For both 20082 and 500482 of YV,

put 5000 i prefferable owing o the fact that resistance of

the photo resisior at B {resistance under Bulb e

about 20082 so that i Y, is made 2008), any little reductio

the intenaity of light will give an alarm signal and this

increases the probability of fadze alamm,

iOS” iz

NN




swer . And a relay will he used so as to be o

make use of he sl current al ihe collecior of the transisior

datlington pair 10 tigger on the alamt. This means that the

alarm will only make use of s power soUICe when tiggered bY

the relay. This also saves ot of energy.
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