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Abstract 

This project presents the design and construction of automatic room heater control 

device. This device turns a room heater on or off '~vith respect to the change in a set 

of temperature value. If the temperature of the room rises beyond a set value, this 

device is activated and it turns off the source of the morn heater. However. if the 

room temp faBs below the set value the device \!vBl tum on the heater. In other 

\Nords, the device autornstie-ally controls the morn ternperature based on the preset 

\la!ue. 

This device is very useful in Nigeria in the rainforest area during the rainy season 

and equaBy useful in Northern part of the country 1n harrnattan period. The 

construction '>Nas tested and was found to pefiorrn reasonably '>NeH. 
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CHAPTER ONE 

~NTRODUCT~ON 

1 J Historical Hackgnmnrl 

G''::ll;::rally, people find some \v~~ather cOl1(hnlv~;; than the ot11;.::1' \vhieh prompted 

temperature in iJwir dwdling:~, Ln other v.:ord:.;:, the warmth and coml"i)rt ne(~ded \vere 

~o'l!Jh;· "''v' ,l; n~"""·l~· "l~"'thr)Clh; ·rl1P <~.<"r, lir-"H I1P'ltl'l1') s"<.;ti'111 U'("l'" ill" q<;p {)f '·";){'d "'·i1 A 
v or..~ ,t ...... ./ ................. ;[.'r.' .... t .( .. \.... ~.{..... '-. .i ...... ....... ~~. _..,..~~.. . ...... <.... b .... -"J.~ ...... ,. ~ .... ,_'.,1 ........ .... 'J,.(;,... <. -'- ,.1:". -_, U. -....? 

the \vorld today. 

Y, ! f ·1' . . . 1 b '" h however as a resn t () .. IH1ltatlOn 111 t le a ,oYe ru(';tn(){l$, engmeer:.;: came toget er 

and feas()ned about Ow ~:;oludon to the limitation of pollution that are caused by these 

"f"'~"ll'< <l·l(.'·I·"~t·()·'r·(': "I';F1~·l(~" Vi"';: <>·n~'r'l;)v"'l~ t(', '~()11tr()'1 rl1" :;;ll"'f'k·" (·'lr'{l ,'1·1' "r:',p·r;)'~ lOt '.r,) t\i': ~ t. .... <-s, .... t ... ~ ...... .... "".~!,. .~.... ) ,. Mo.> .... U,.o...:._' .. • f v.. ..... ....,~...... .... <.,~~ ..... • .... ~ ................ ~.H.t t:;..... y • ..,.1.-... 

~;;nvirormK:nt \"lhich is dso hannful and causing environmental poUution, harmful to bmh 

All these I1rniUllion:.;:made el1gineefs to sit down further to fInd <'l pollution .... free 

,>vay of he:?::.lng a room to the \vam1th and comf()rt cksired by mun ho\vcver autolTlatic 

-«)()n1 heater came about 'Nhich is capable of giving the desired \varrnth and COtIIIort 

needed \vidKmt th;; risk of hannful eni.~(:t caused hy the Inethods mentioned eadicL Thm 

is keeping the morn to a desired ternperature (controllability) 

Also, in cold climate hous('swith their heating systenls (i)rrn di%ip~1tive system in 

spite of ej'f(Yrb to insulate such h.ouses, t{; reduce heat lo;~ses to their exteriors, 



cormider~lble heat is lost or dissipated: form them \vhich can make their imeriors 

UIlcomt<:niably coo! or :;;okL Funhennor~;;, the interior of the house rnw;;t be n1ainUi.ned 

between the 1n51d(' and outside is often quite ~.;teep. This (an lead to problems such as 

condensatlnn and uncomfcni;;lble droughts \vhich, if len unaddressed. can cause struGiural 

requinxi ,xhen the house's interior bUs below;;'! sd temperature, and automaticaliy 

st()ppcd vdlen the set tenrper<lture is readwd. Thus the autom.atic 1'001.)"1 heater controls the 

110w of energy into ~ht> room or houses thm energy eventuany being dissipated to the 

The (1utomatK roorn heater is a device designed by electrical method to grve 

v-,:~mnth required for htHnan comf~)rt in a room. As it is knOVirl that during theharmatt8xl 

and rainy ::;easons" Ow room. temperatHH:; <:thvays L~H belO'N the normal for human 

uHufo1't. Therefore, the need fi"}f warmth for dlictlvencss and good health has 

necessitated the design oUhis uniL Al.so, change of environment may require having the 

J' , , > L < .,.. ! ., , l 'f' l' UCVlC0 ot tIllS natur<.~ l.!Iat IS movwg ITom a 10t \veatner to a C01(' 'iveatner 1 .I 

The unit converts electrical current into heat by me<:lns of heating dernent that 

emit:3 ,a.diant enenJY, The heatin,{ element l11i!2:hf comp,ose of mdal aUov wire ernbcddcd 
........ t;; ...... "" 

in reii:uci"ory insulation and enc<';sed in prmectiv~: rnetaL If it is purpnsed for jndustrial 

use, a bl(rvver rnay he incorporated to convey the beat produced out of the urLit and fan's 

blades are used to increase even distribution of heat in the fGOn.L 

2 



The device was designed purposefully fixr domcstk heating particularly fix the 

, , , 1 " " , 1 ' . . ' flGlttng system m H1ateru';l p.wcessmg m JnGustnes '\y snnply <.11tcrmg some cOll1pDnent 

pnxamcters fwd increasing the ca.pabiLit), and size of the unit to suit the df;51red PUl]X>5C. 

Tbe LUllt abo has sensim~ unit inCl)rpofClJed which cornnrises of rhermlstor innut ___ .- s ~ 

elenwnt hy ;:;olid ~,;tate reby or component that controls the heating de.ment. ho\vever 

current contmu:.=;s or ceases fO flo\v through the heating dementwhenevel' the room 

dispby 1S incorporated to display tl:w criilcal ter;.'lperature. 

Project Obj{~ctives 

/\s it has lieen said, the project (automatic room beakr) control is one of the probkm '" 

free room hemer control which have higher relial)ibty. It gives desircdvvarmth and 

comfort needed in a rOOln depending on the preset ternpermme (critical temperature) 

\vhen inccq);.!mted 'Nith (1 heater. There are many other compOl1cnt:3 that can be used to 

<&> '1"0 design an E.dident device that could be regulated to give desired warmth in a 

room, 

<&> '1"0 design an cffkient devic,~ (R()omHeater Control) that ~mtomaticaHy controls 

the wmper~turc ofa room, 

3 



electronic components, 

ljJ To rednce the eiTed of condensat!clH and uncornf()l.tabk dmug,ht::" that can C<lUSt: 

structurd damage to the property in cold climate, 



CHAPTER TWO 

LITERATURE REVIEW! THEORETICAL BACKGROUND 

Heat Generation and Transfer 

Heat in Physicsb defined as ,~nergy In transit GI.")nerJlly, htat is a f()nn of energy 

lnailer. Heat can be crented by chen1icai reaction (stIch as burning), nuckar reaction 

(such as fusion taking pbce inside the sun), ekdrornagnetic di%ipation (as in electric: 

stores or heater), or rncckwlca! dissipation (such as fi:iction\ Also heat can be tra.n:4efTed 

behveen ob}xts by radiation, conduction and convection, Tht science of heat l1v}ving 

frorn one place h) another is caBed. H;;at TranskL 

'The area of interest here is thermoelectriciry '<iVhichis cHused. by the relationship 

between eh::drons. beat fluxes and electrical currents. Also the heat can only he radiated 

as a r(~:.:;ult of the rnoven-lent of atmns ,:snd mokcuks in a rnakriaL ArnotUlt of (~rrdted 

radiation increases witb increasing femperan.m', a net transkr of energy from higi"lt:r 

temperature. t<J a lov.:er result There IS no way we >,vould talk on Hemvv'Hhout 

temperAure therci:()re J:;; defined (,s the measure of an ol,ject to spontaneously give up 

1 
. .'" 1 1 ; co 1 " - 'h! . 'J ,::nerQY a.n( ,s useo to mGlcate t 1e CVcl 01 e emenurymotlOn assocwted Wlt neaL uem 

1-..'", v 

1
, ; 1 \{.. . 1 . ;' . 'hi·· .. · can on y tie tr~mskn"~~( !)et~xeen oOjects or area 'Nlt 1m an onJect \Vlt. (" ,He-rent 

tempermures, and then only ir; the direclion of the colder. In other v:ords, Heat dots not 

flow fro:11 a lower to a higher tCH'pe.mture unless anoth('l' h.\t'ni of energy, v.fork is .aiso 

Until the b<~ginning of the 19th century, the etlect of heat on the tC!1,pemture of <'1 body 

\VClS explained b.y postdating the existence of an invi.sibk substa.nce or form of mi:ltter 

5 



termed C:nJorie. Caloric in bjs theory states that a body at ,,1 higher kmperature contains 

rnon:~ calorie than one at ;;1 lo\ver telnperature; the t-Z;nner body l.oses smue calorie tr; the 

btter br;dy ~)n contad,incrcasing temj)cwJure and decreasing tf.'rnpemtun:: occurs in the 
~. . ..... .... 

" I' \' t" to! ",' " " '" '; ,. ,. d ' -, 
(Xi( leS 0)' tnms,er (;, D,~:::H:. it IS gJ~mng Hwt C::Honc lh('ory (~:zpl<'mle" some pnel:'lQ,mena ,.)1 

heat mmsfer but 1101. Ldly experimented. Experimcntal evidence \V,lS pr<Dsent<xl by 

of energy, f-k; pUblished the resuLs of his experimem in 1798[41. There was no 

exneriment cd'such until 1840. \vhen .kuk tl1.~mU1 his studv nf heat and other [C)fin-; of ! . ..~/·,' ... . ..... 

in an apparmus l-w d,:signed f()r the e,>;:periment He abo lneasured the \vork done and heat 

produced when oil 'N3S churned,wbcn air was cornpre:..;sed, when \vafer was fc,rced 

through Ene tubes and '\\/hen east iron level wheels \vere rotated one against the oth<.:.:r. 

Always \vithin tbe limits of experimental elTOL, h.e found thai. lbz hea.t !ib(~rated was 

proportional to the r:nechanicul work done and that the ratio of the 1.v.:o '{vas the same in all 

" 'fJ-"'" (If '''Yp'~'';ITl'''rlt P 1 t/ . w .... '" "_ v:~ V"~.(." ......... !.. ....... ~ 

tn other experiments. Joule me(l,Sured the heat EbeHHed by an t5lectrk: current 

d h' I I . If L " d' 'I ,,.. k ' {ynarno \V .lC 1 generate( L'le CllTn::m. 'Ie ontarne ,[It)out t}e S8,111e rafto lor wor,c aone tu 

heat liberated as in his direct ex.periments, L!<.)'vvever, this '<-'>'Ork !inked the idea of heat, 

mecnanie<d and electrical energy, He also sho\ved that the heat produced by a currrnt is 

6 



(c) Abo heat rnoves from higher wrnperature to lower. 

In cold dimate:~, houses vdth thelr heating systenls [(nTH dissipative ~:;ystem in splti.~ of 

dTons to in~mlate such lKHl::;es to l'I:.dtlCe lJeat b%es 10 their u.;.tcrior::; cr)nsiderabjv~ heat is ,. 

lost or dissipated, t]'OIU thern vy'hicb can rnake their interior:~ uncomfortably conl or cold. 

Furthermore, the inter-ieff of the how:;e rnust be n1aintained nut of thennal. equiEbriumwith 

its eXlenw.1 surroundings for the sake of its inh.ahitants. 1n effect dornestic residence:,; (lxe 

oases of \·vannrh in a sea of col.d and the thermal gradient h~r'xeen the inside and outside 

is often quite steep. This can lead to problem such as cond~;;nsation and unco[nL;rtabk 

draughts >Nkcb if ktt unaddressed, Ciln cause :4rucmral darnage to the property_ This is 

(lutofnal.1c roOTn heater is a devici.? capable of giving t11t' heat required \vhen the house's 

interior tills below a S('t ternperature. 

B}' comm.on kno\v!edge, tbe tern"! heat bas been used in connection with the 

vv'amli.h orhomess, of surrounding ot~iects. The concept thm \VaWl objects '\'ontain beat" 

is not UIKOynmDn. During its 350 year development the sclemT of thennodyna,nics has 

est:lblhhed <'I. physical quantity narned temp<:::rature to quantir} fhe kvd of '\varmth'· 

'?:bereas heM (eliso 1mproped~'l called heat change) was defIned as a transient f'{wn1 of 

enerQV that Cluantifies the SDon't:lneous transfer of internal enerQ.v due to a tcrnperaturc 
..... ~' ~..i. ......... 

dHJerelK'e (or gradient). The S1 unit fi:.ll: heat is the joule; an alternativ'e unit still in use in 

the u.s and other countries is the British thermal unit B.t,u. 

The earliest heating :3ystem was the use of v.,:Dod and charcoal \Nhich ",,,'as later replaced 

by stove and hra/.jer because of limitations and side eHects of poliutioll and othi.?1' 

7 



hazardous effects on Living, These hniitatl0Ds made engmeers to sir dO',':11 to lind a 

poEution ~fri.'e W<l.V nfheaUng room to the 'vV<rrmth and cmnt<>rt desIred by man ho>xev~~r. . ./ - . 

cOlnt~}rt needed >xithoutHH.> risk of harmful {;t!ec.t causmg by tbe: meth;Jds mentioned 



CHAPTER THREE 

DESIGN AND iMPLEMENTATION 

lntrodul,tion 

'j'" , '. d' v ,.\ '! !' . d 1 1 
A ms prOjl:;ct was' .eslgnedwllll <1Vi:T!!<1010 c01l1ponentsm or er to rc(..uce t Ie cost 

dim~ram in :fllJure 3.1 belo"\v shov/s detail about lavom of each Anne 'Nhich are CXDb.ined 
y._ .... .,.." . t' ... 

further in this chapter, 

Fie. 3.1 Block diagram of Amomatic RooI'!! Heater Control 

Power Supply Unit 

PO'Ner supply unit increases Of reduces tht~ rnaln voltage ~md then converts it from 

(lj3dihonal <:11'('Ultrv to enable them to maint<iin either a constant current or a constant 
. . / 



The basic components uf power supply unit used for this project consists of a 

stabilized current circuit _ the circuit diagram of the arranQ('rut';nt are shovvll belov,: in Fh:. "'."...... ' ...... 

tvJ 

Input 
Voltage 

B 

Brief Description Of The Components Of Th(~ Supply Ultit 

Time 

OJ Full \-'{ave rccU.f1er np2s used in this project \Vh1Ch is suitable rectifier tlsdh! 111 

PG~;Yer electronic equipment or circuits. 'fhis is bt.~C<'lllSe it is stable and does not 

-Guctuate at nwin frequency 50Hz, i\ctually, rectification is the process of 

10 



convening <,l.1ternating current, (i.e to direct ,:urrem, d.c. it is used in power supply' 

units f(n" producing !ow~pov<!er d.c fr<.HU the mains 220V :~upp!y. 

(if) Tn=:nsD)nner is a static ( or stationary ) piece of apparatus by 111eUf)S of whicb 

dectric pov·;er 11.1 one circuit IS transf<:.mHed into electric pOVier (If the same 

frequency In another CU'Ctut It can raise o[ lmver the vdtage In U CECtH.!. 

(1) Step-DOi:vn transf~mner 

c) Step-Up transf"ormer 

ster.} dmyn the main volta2"e to a voltm~e needed by the ded.ronic circuit. t .~ ~ ~ 

(iii) Smoothing \v~"\s Hchkved by using a capw:.:itor v.;hich is invariably used to smooth 

out thcfluctuati<)l1 of the 'v"ariarioll in voltage, Tb: vf,tiatiurl in voltage obtained 

from output d the rectiner is ealkd ripple voltage f,nd at the same time the 

I
' ! "! " . 1 . . '10 tage mwe to )e regulateG W vo tage reqmrea to PO\Vd or el1e.rglze Ue CITCUlts 

which neces:3itated the use of 7voltage regulato[. 

Huwevef, voltage regulator is very important in every dcctronie: 

OJ a.c input voltage of the tnxnshrmer varies(deviation from 

220\/ <1f~ c<.)mmon) or 

tii) the load varies. 

. . . - .. 1 1 ()f'OI . , t.." l'-agam H IS HnpOSSlb e to get . ,. './/0 constant vo,tage tom mmr}r oevwttOrl are 

ac,cept<lbk tor most of the jobs, 

11 



During. the pClsitive half cycle of the a,;;; supply termlnal~.:f of the secnndaxy transfOrmer 

1S positive(+ve) and N is neg;;'!t1ve as sho\vn in Fig :3.1 above, Diodes D! and D3 becomes 

h.H'wm:d biased{ON) whereas diod~;;s D2 and D4 arc reversed biased(OFF}' lJenc(' current 

nov; along Hw path ~vl EAHeFN therehy charging trw capaz:itor eland m maintain value 

While during the neg.ative {,ve) input haif cyell? of the a,c voltage, secondary terminal 'N 

of the transf;:mnerbeC()lr;e~; positive and ?vI negative, Diodes D2 and D-:! are then f"i.mvard 

hiased (OT'-f) and Diodes D j and D:; dre reversed l)1ased \,OfF), hence curr.ent nO\'.' along 

form through iJw cin-;uit in bothhdf cycle of a,cinput supply thereby supplying a 

('''''···································----1 

I ei.c Input 1································-----

L .................... ___ l 
Trar:~~::~J-_~~~----Jie1r----- Recti.fier 

J 
-----------~,,-""""""-,,-----.-------------------------------------......., 

r~i.- smoothi;~~----L----------~I!>! Regulator 
Jo.,..... ~ , 

1 j 1. 
:_~"""" ___________ ............. J '----____ ~ 

Vmax Vmax 

("'" 
~·········>::\.-· .. -----'l-~* 

" f ..... ! "._/ 
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Vxm 

Vom 

Vmiu 1//"· ....... ·,---.... ·..--,· ..... ··_"-/_ .. , ....... ··
; 

r--~-~· .... --~-'---.... --+ 

I 

! 
Output 
VoUl:1{'~c e< i;~--.. -------_'~·--.. m.prop<xl). ' 

'~-:;> .... regulated 

I' <' " "~~~,:~~e 
Vrk9V ( 

i--.. ·~ .. - .... ~·'y~-------..,r .... --
IV 

I 

L.~ ____ .. __ ~ I Half Wave 
~-..... --.. ----.-----.. ----.~ 
Load Current!A. 

Cacuiation 

D · c···· j" l' e::ilgn. ;3rx.~cmcatlOn '01' power supp y' UJut. 

I\-hximum current::: 1.00A 

U$lng the forrnuL bdo\v to find the >:apaGitunce of the fi1tering capacitor, 

l/(,~ ~:::: (Iv! at 

Where I ::: Peak output current 



dv '" ripple >./uliagc 

J'-h;rmalJy ripple HKtor h.lr fun wav;;: rectin~;;r .. ~ OAS2 but of this fectixlcat1rm here, 

\/nns ," Ruo; l.uean squan: 'voltage 

For Vrms '''' 12"1 

\.!l"Y1" '''' ~:~ .. ! .;') 
.Li, :-s ~.e· v ~ 

Also, dv '" 15!lOO * \'p 

'" I 51! 00:<- 16.97 

d\"" 2.55"1 

T::: llf 

::: 1/50 

For d.c 

01':0: 0.018 
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for Current, I ::: 1 A, 

IIC '" dv/dt 

C '" Idt/dy 

{---,o: (1*1(' * 10'" /1 <;<; .~ '.' . .1 A J .>' •.. " ..... 

= 0,003921.563 

Cj ::: :nOG!lff{)f filtering 

Compensating CapaciU1T1ce ('2 ::: 47 pJ' ~ 1 {)O~tf Uhndament<:.d range) 

On transformer. 

1\edc::t1"~'; tk~ ks"e.::: in ·the coiL .. ·the Lmy; \:alue of the induced '::,nl,f in tb~ whole ... !';; ...... ~".b ......... ),. ".7 .J ~ ........ ... '" 

r'lrirnarv >Ninding is eC1ual to the nwduct of the induced e.nd' and number of l;rimarv turns t" .. ~.1 ~ S " 

(NI) Le!6] 

Fl ~'4.44ft<lBA eqn 3.1 

the induced c.rnJ and Immber of secondary tums(n2j i.e 

eqn 3,2 

Thus from equation 3,1 an.d 3.2 

cqr13,3 
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Whert 

B:;" rnaxirnurnHux density 

A. "" cross stctional. area of conductor 

Therefore, 

!; :::::; Current in prim.ary winding 

b :;;:; Curre.nt in secondary winding 

V 2::: Voltage in seCOn(1<lry winding 

n~l"~"al"; ~,l,.·;t'a<)'~ '\! "" ')'1()\i f" ,til .) • ,h, t;."', I ~ """ '( 
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Tbis gave an indic<ttion that the transfi:.lf'mer used is (; step··down type \I>i.th rating 22(fV, 

55rn:\! 12V, 1000rru\ 

Sensing II nit 

The sensing unit compris<'::s of quad·<.~omparator 1..M339, using one unit of the comparator 

and thennistor (NTC) negative ten11x;ratufe ('octJlcieuJ ( the sensor) 

Brief Uescdption Of The Compom~nts Of Sensing Uuh 

output tbatindic<lfes vvhen (ine input is tess than or greater than the otheL The 

comparator circuit together \vith tbennistor is shO' ... vn in fig 3 A behyw fhr the 

comnarison su that it \viE determine til<.:: hidl or lov./ of the COllFnrator outl)ut which • ~ I r 

will resuh to t.r1flUCr action of the transistor and rebv. The output is a di;Jital siu.nal 
.. ;.;..... .... A ~ <..: 

that stays at abgh yolt<:lP: 10ve1 \vbcn the nvn-inverUng input voltage goes below the 

inverting input voltage. 

17 



, .. (-~. 

V' V"' 
r I 

q 
~~J~~~~ 

Fig 3.4 The tin.'uit diagnHu of scn~iHg unit(one unit comp~f'~tnr and tuenrdstor) 

Also, the oth::r 3 cornparator unit of the qu,Kk~on:lparat;)r '-vere tbt~d tor 

caEbr;-3.tion vvhlch fed t';·even SCiwwnt disnlm: throufIh log1c circuiv:\, w !".. ~ ...... ' _ .. 

Therrnistor IS a transducer de'lice that produces change in r$~Slstant as a reswt of 

bgJl and negative tempcrature coefficient of resistc.HKe, sometimes ,IS high as 6~·i per 

degree Cehiu:::; rise of tempd:ature, h has high sensitivit:y and hence usd\d in 

precision krDperature n1i::~nsurernent, temperature control. and temp;')rdure 

The curve of thermistor behaviour v.:ith sedes of res isla nee is shown in fIg 3,), 
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Hm(Ohmm) 

C~dcuiation 

Using voltage divider principk~. 

Resistam~e of the fhern1istor (R.nd '" 1 Ok 

at PinS assrmie a voltage of ~rv 

8(Rx + 10k; ::0 90k 



Rx + 1 Ok ~, 901<;/8 

Rx SlOk!8 ~ 10k 

Rx t 1,2Sk ... 10k 

Rx "" 1.25k 

This result irnpJies that 1 k feSl5tor can be used as Rx to get the desired result 

Switehing Unit 

S\vitching unit cornprises of both fransistor and rday(snlid stak relay\However, the 

transistor was con.nectd in con11non ~~rnitter rnDde 50 as to obtain an ampliHed VerS1rln of 

Fig,3.6 Sv,:itehing unit circuit diagram 
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Brief Dcst-ription Of Transistor A.nd Relay. 

~ Relay 

j\ solid state rclay is a rntch<l.nical sv·/itd:i used to sv./ltch other circuits e!l1 and (iff It 

enahles srnaH current in one circuit to control a lTllJCb. larg~zr current in another circuit 

or the siniuluneous ~;\vitching of I.Hore than one circuit also th::: contact are: of tl,ree 

hasic types rhmnally ()pen(NO), Nomlully Closed(NC} and Change-over(CO). in 

ad.ditlon they can be Single Po1e(SP) or Doubk Pok(DP). 

op,,-,rated by varying the input 'vvhicb in turn is used to control other devices connected 

to its output. They fonn the sirnplest fOrm of autornatic s,xitches in an electronic 

(i) tbe ccd 

(ii) the magnetic s\vitch. 

$ Con:UTIon emitter Transistor used is Y<WN type <.:vhieh literally 1Tl';:ans that it is the 

emitter part or region of the: transish:rf that is grounded. Also, it is very useful as 

Mode Of Operation 

invariably al{(nv current tu flo\\' tbrough the relay, henc~,; auwr:naticaUy trigger the 

\(Jad(heating de111ent) for generation of heat. /\lso in another v./ay rou.nd as soon as tlv:; 

base of fhe transistr;r ish~rward biased. tb.; relay break the contact to the heating delnfmt 

therefore no flow of current- In other words, it means that Nomldly Op~';l:i(NO} cont<.1.ct 

21 



doses when the reLI} is activated "'-ihiie (NC) Nunnally closed contact opens and vice 

versa \vhen actlvmed, 

Calculation 

For gain, hk :" 400 

Frorn tranYibtor equation 

RH ::: (VB .... Vm:;) / !e 

Me::: C / IH 

eqn.(3) 

Where 

In '''Base Current 

VeE :;;: Base Emitfer Voltage 

hfe ~ gain 

Rc = Collector ResiAanc(' 

Vee "" Collector Supply Voltage 

l·k;"o· tl"'r~'·';<:<·()'· .~<.; <';'V;i~~!11'1~'; j't· iH)"'·"at'~<: ~r' ;l~e <';8nlr"t·;"'·n "1"\(1 ;··~·,t~qft··}r'·(I(IL~ ~./.;>.O·~b ". v ... -1i.:> .... ;>t .... .c:. ... '-.' . . {l.",-,~ -"'e- .'i" ...... ;}.~. lo....:oJ ); .'. "'.. ..." ...... ) ... ( h .... v... v .. ). \.... J. J. .... ~\..-. ... 

At saturation (ON~tvl0DE) 

From eqn(3) 

~c :~~: (Vee ..... ' {j ) / Rc 



:::: Vee.! Rc 

k ::: 12 ! 300::: 0.04/\ 

!e = O.04A 

In::: Ie / hk 

In ~ 0.04 ! 400 

:" 0.0001 

{\ls(}~ for Iln :::::: ('In ~ \JUE )! In from eqn.(l"l 

For Vn::: 9V 

b:'" lOOpA-. 

Rn = (9 - G.6i / 1 OO~u\ 

Rn :::B4KH 

Hence Rn::: 47kn as preferred value. 

Logic Circuits linit 

Son1€; logic gates were used in this project to get the set critical temperature 

displayed througb Si;V('n segment display. Thus OR, Al-..JD a.tId EX-OR gates. Ho\·veveL it 

is explained below the hmction they pert~TrnK'.L r 10] 



OR Gat£ Oesniption, 

glow \vhen t,oth s\vitches A and B are op!.,~n, T11<.'. symbol is also shovvn in fig. 3.5(.0) 

'1 ' r'R 1. ' {o) \J \.-gate synh!oL 

A NOT gate is also caHed aninvener. A NOT gate or invertcrb an unusual gate. The 

NOT gate has only one input and one output!: Hq. The logic symbol fcn the inverter is 

The ANn date Description. 

of the :\ND gate. The LarnpC'{) 'NiH light only when both input switches CA. <lnd 8) are 

dosed. The sYl,nbo1 of the gate is shown in fig:L9 (b) behJ\v: 
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(b) AN D !:?,i:1Ye SY11'lhoL 

The exclusive em [<lYe is referred to as "any but not alr' gate, The XOR gatt~ is ~;;rwh!ed 

For \7 '" Output A, B ::: inputs, 

Fi.g 3.10 St2,ndard logic symbol fcn' the XOR gme. {6.l {7] 

3,6 Code Conversion lrnit 

telnperature or critical klnpemture neccssitued the use of sorne code converters 

thus; 

(L) Encoder (Priority encoder) 

(it) BCD to Seven Segment decoder/driveL 
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--.........f4 
--.........j6 

--.........j~< 

~--iO 
--~1 

? 

V' 

--~z 74148 
----i J PRlOR!TY 
~--i.~ ENCODER 
~-...;S 

----i$ 

.'. , 

V' 

¥/' 
~-. 

I i 

-

I I -
7447 ........... 

.--~.~ .... - I I 
Dt:COOER ~ ................. OIl -Jt)RlV!lR I I -

- I I 
~ 

The circuit oftile code conversion unit. 

Encoders. gt.'rH.T<d Iy translates a decimal input to a BCD rrwnrx'f, tbe erlcoder nmy 

have one active irmut 'Nhich in turn lJwduces a unique outnut and it is always active !oV.J 
A J ~ v 

which have been taken care of hy logic circuit units and the output have to be inveri/;d to 

get the required input to energise or feed the decotkr!driver of the conversion unit 

~ f-...· .... ~.(' 
~//~--

j v 

.Encoder "',::,: J,i.,:~:x;-
(74148) , 

8x3 i [:>;--
: .......................................................................... J 

p < • nonty 



i················rI~~.£:~·~·t:s························.............................................................. . ............. ··(S~~i·)~~is·· ·························-1-··············\ 

r-fj~:~··r(j···· '············T····-···--2--···--~-3- 4 5 6 '7 A, A; Ai; is·········! 
; ................. ; ............................................................................................................................................... :: .................................................. ; ............... -l 
:() iH ]-I 1-1 H H H HH IH H HOI 

7 ix X X: X X X X L II.. L L 7 1 

6 iX X X X X X L H IL L H 6' 
:) iX X X X X L H H IL H L :) 
4 iX X XX L H H H IL H H 4 
.3 iX X X L H HUH II-! L L .3 

f I ~ "~ i1 ~ i! !:i !.i: .. ~ I !:i:~{ i"! , ; 
OiL H HH H 1J ___ LL .... _ ... !::L ... J .. E ............. 1::L ...... _ .. !L ..... _._.~.LQ._~ 

From the truth table 3,1 ak,'/p it ~bo'vs th,:': th~' P:-[r):'itv 1·:'1r'nl'::,"r" >3';V'><, pr"j"'j,r-j't', tl) 
. .... , .......... ,..~ ..... r ..... ~ ........... • f .... { ... ,.., ................ C-' ..... I'.. .. '(, ~ ""," • 

highest numher in other \vords: it i'l!:tivates the highest number that has a len,v input If a 

l.ow werep!aced in input 7 and inpm 5 simultaneously, the output vvould be I! 1 f~)r 

x::: Irrdevant 

3.6.2 BCD - to - Seyen Segment DCfoderiDrivcr. 

A .. decoder may be thought of as the opposite of an ellcoci,:;r to reverse the process 

from the nreviou$ section there is to 1)l:oduce ,'1. decoder that trall&lates from the BCD code • J 

to decirnals. And a comrnon taskL;f digital circuit is to dccode from ma!~hinc language to 

, 'I b 1'" ". 'L 't"", , .... "' "! (jt~CLma HurD er:';, !\ cormnon output (.Ievwe usee to Ul:3P!(l)'h S!lown lH "lg. ~" .. ! L(a). t!},: 

" !I' " ! sev~;;n :~egment are umc eo ,,\/rtl1 eHers 
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appears. If segrnenis a, b and c· are Lit, a decimal 7 ,lppears ,md t:;c. forth. This is shr;\vn if 

a 

rl ~ 

(r 
!b 

;::, 

el !c 
~ . 
i 

d 

inpnt is a 3-bit BCD numbu', the BCD number is decoded, f()rming a S,;;ven·-Scgmem 

i3CO 
i!·':~!UT·--'"'"'"""i 

V' 

1 
}:~ 

.: a :>-----i"V\, 
b::·~\/>./ \ .. 
(; .-.-----<\/:/ \. 

\.~ 7447 d ''--. -:\i\:' 
.;. DECODER &.--·:\i\/ 

f ~· .. --·\i\/: :;. 

9 :)mm_;\/:/\ ;:' 

-~ 

I I 
I I 
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Output lJnit 

Th):,; Aage consists of s heating element Different types of aHoys are used f()l' 

. ~' ! ., 1'! 'Jl' 1 ' ,. I" vanous type O.! 11C8tmg ekmellt '>-'/111/::(1 '>VI.! also (epeno. (in tne operatlng ternpen:nun.::. ~or 

this project, a constantan tv;,;ahng !;:ielnent [45';'~,Ni, SS';.oAu! at ll2(/\~' was a.dopted. 

Constanta.n \vas u~;ed because it .posses Borne qU<llities of good beating el.ement 

such as: 

High Specific Resistance. 

FUghrv1.elhng ·Temperature. 

1.,{YW Temperature CoeffIcient of Resistance. 

Positive Tempemture Coefficiem of ReSIstance, 

Mechanical Strength. 

Dw:tiEty . 

. i Mmk Of Operation 

and T2 is dosed. The current \vlU nov·; from the main SW.'-fDlv throudl the beatirw. dement 1:" ... ".....,. ...... 

and heatitw up the roorn. 13m \\'hen the rebv is not trLH!ered T 1 an.d T2 win remain onen c • ~~ • 

h ,. '1 h 'hI" , .' ,. t erelore <l.e curre.nt ceases t,) t ov.; t, roUgll t e .watlng elelTl.enf ()ecause tne Clrcmt IS not 

cornpleted. 

l''' "', 4 .. , <. l' 
f' 19 .. ). J.. Uutput GfCHn ( lagram 
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.2 Principle Of Opcratirm 

\Vhel1 the {oorn kmperan.w.'. is at the selected critical temperature, say, Tc ::: 30'\:', the 

heater continues heating the morn" at th,~ point, thc rdi.~IT1Kc voltage of the CGll1parator at 

the n'Ju·inverting input is less than the voltage at the inveMing. input \.vhen the l"herrnistor 

lJwit)s "-/Oitage to thc hcating ckrnenL 

On the other hand vv'beu the .worn temrcmtun.~ has ,:;xceeded '-he critical 

tl.'.mperatufI:', voltage at the n(J;'l·mvertmg input of the comparatori::; greakr tban the 

inverting inptlt Le. the thermistor feslstanceis low, tbe Gutputis high \vhidib1ased the 

transistor and the rday is energized v .. il"dch cut·off lxwins fl:OID the heating element, until. 

the selectcd critical temperature is attained. 
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CHAPTER FOUR 

TEST, RESULT AND DISCUSSION 

4.1 Test 

The physical realization of the project is \jf;;ry vitaL TIK' designer \viiI sec his or her \vor1:: 

, . I Jr' 1 ~'d ., " . jl 'j • . not )U;",t on paper :mt a so as a jJHlS leo nar \vare, h.tter carrymg Gut (l 1. 1e paper, i,kslgn 

and analysis the project vv'aslmpienlel1ted and tested to enam:: its \yorkahility and ;;va::> 

finally constructed to meet the z:ksirc specifications, 

The process of testing and impkrnentation involve tll(; use of sorne kst and mea~;ur1ng 

equipments stated below: 

L Bench power supply: This \vas used to supply vdtage to tbe various stages of tbe 

cifcuit during the breadboard test bdorc the pov·;er supply v.:as soldered, Alsu 

stages bdi.)re they wen:; EnaUy so1der<.xi. 

'2. Digital nrultimeter: 'fhf digital muitirneter basico.11y measures voltage, resistance, 

l'ry r.: "I"lC>Ylt"lf';C'li or$"' ,),,, "j'''':jIJ[' n i.' ~L, >'i>'>j··j r"(11 .. 'j'r,'d i "f~ .rl.,.·p;.'."':l""~.'·l.'.·<:'li of .. d1):t:'·l "" .<.d J.. (. I. '.,,-. <.G.~ c.'< .. ! ,Ht.: !J ./t", ~ w.' w. d" ,," "",. ,_, '" > , 

parameters Eke, v oltag. f.3 , cominu.ity, current and re.s!:.;;tance value:.'- c<f the 

component and in S(lrne cases frequency measun~m.enL 

3. The dlgifal.muHirneter was used fo Cheek fbe. continuity of terrninals in case of 
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