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ABSTRACTY

15 device s designed for industrial / domestic baking. The user simply power it on
d input temperature and fime values which are desired for baking vis the proset
ona. The device immediately start comparing the values of the gmbient temperature,

systert teraperature and the desired time starts to count-down . When the tome finally

the ticrpcontroller svsiem sends control signals to discomnect the heating

s

ment by energizing 2 velay conneeted to the heatin clement. Power is oul-off from

jAY
4

i clerment and the slarm start to sound.
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CHAPTER ONE

INTRODUCTION

Food s one of the basie physiological noeds of wan that wake Wiro/ber both physically and
They comain supplements which the body roguizes o
The appiication of heat i the form of cooking &5 kuown to reduce

he putriions! values of this supplements and therofore, care must be lake for proper monitoring anst

of the temperature by cooking,

Furthermore, the montioring and controlling of temperatare in making plays a crucial role i
me mamagemnent, reduce food wastage, increase flavor characieristios i food and incresse

o shelfife of the fond,

From the tune of early sioves and ovens, inprovemenis have boen made 1o enbance the

ing and controlling of cooking tomperature In cooking devices bt all of them have

ok to that effect, More recently is the microwave oven which uses the microwave radistion i heat-

he food. Timers are incorporsted into these devices which the wser ©

"o the madinm

woeook g particndar type of food, This s suppose o regulate the “cooking time™ bat

those times are averages and [sotors like the swrrounding remperature of the environme

!

Bif

teved, therefore need for a more precize and scouraie moniioring systems.

R2

This device controls the tempersture more securately and efficienity for both domestis and

5. 3 provides means of tining the baking process gz well ag regulal

i the operaiing

ydefined o set Hodrs, It furiher nmisks e lemperaiure

of the ook, To use this des

Py

1 the particoisr food baing co ?cd angd the intores

{~'




he user simply set the appropriate ten nprerainre and ti

oking, munitoring and control process are auntormatical] By €

hiy o monitor and control the provess by switching off ¢

v oswi g off the sowme of power when the s tme
STATEMENT OF PROBLEM
aons for embarking on this project s fargely influenced by some difficull faced by both the

Lttonad and modem deovices for cooking which are present today, This diffion) v i3 seen i different

m
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t e management

Privfuct consistency and increass in food hazards
Crust-crumb flavor characieristios

Reduction of shelflife of the food

PURPOSE OF THE STUDY

rexject is embarked upon can be Lsted as follows:

accurate weans of messuring and controlline the ten

g nperature of cocking

s consistenoy in baking products and safer food for CONSHNPLon.
: shelf-life of the finished food

o provide proper thee management for the use




1.3 SEGMNIFIUANCE OF THE STUDY

fnd grest ssgmificanee in the baking and confectionary industries o as o

ity and creativity, I shall alse find application in refinerizs when i 1 hig

N

oave
3
23

3
H

sitated 0 control and momtor the tomperature of cguipmant ke heater, boilers, furaa

one can find H5 applicstion in domostic oooking devices in pucrowave az o reduce food
isoning hazards.

SCOPE OF THE STUDY

Thas worl will {ocns on 45 application on the baling and confectionary indusiries though it's

srhication varies and can b secn in other industrics Bike the ol and gos industries research institun

£

oier domestic uses,

LIMITATION OF THE STUDY
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The condtion wnder which the research work was carred out

nce and alse the larpe application areas i which the iopic covers., Also sourcing related materials

the hierature veview that varcow down (o the scope of the study slso posed 2 serious Hmitation 1o

TERSATC :"4 Vy’{‘}r\i"j.

BEPORT STRUCTURE

ra

The frst chapler s basically an

This B

ect work 35 unplemensted in five chapt

duction, while chapter two reviews some v freratures, which provide the required sound

v for the researel work, Whereas chapter three considers the vanous materials

wihiod emploved in reahizing this project, chapter four prosent and analyses the doata, finding and




i obtamed. The project concludes in chapier five by presenting g summary of the main points

ised mthe body of the research work: make recommendation for fimther vesearch,




CHAPTER TWO
LITERATURE REVIEW

This chapter s ntended to provide a sound theoretical framoweark for the study. In other words,

ory of temperature, analogus o dighial converiers, various types of ovens will be disconrsed.
| BRIEY HISTORY OF TEMPERATUHRE

The tempurature of a body 8 define as s thermal stale considered with reference o 1t's power

“communicaiing heat 10 other bodies or substance[1] As & very smportant and salient paravieter, it

came important that better devices be made for s measuraiment. These leads to various sclemtist and

researching and Anding hotter means of measuramentd.

in the cighteen centuries, alcohol was better referenced than mercury when used to measure
w03

perature because alcohol freezes at -113°0 while merouwry freeze ab 3970121 AL that time,

semeters were cohibrated between the freezing polnt of salted water and human body tempersture,
o bed oireme wore sublended by Falwenheit inlo ninety-six points, giving his thermomster mors

2k

shusior and a temperatiwe scabe very close io the Fabrenheit acale,

Close 1o the middle of the eightesn century Ander Celsius saw that it would be nice o use
mon calibration reference and o divide the scale o 100 mcroments instead of ninety aiy
e
"1

vy usedZ]. That s why we have hundred degrees contiyrade as the bolling point of water and

cgree centigrade as the freezing point of water

B . vy

The Nineteern comtury suw tromendous growth in temperature meassorements, The work of Lord




. § agirs wresirier o bl
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1y

ned thermometer across the spacimm

5 heantng mereased bevond the red region “idrared”. The radi

~\«

st e

s moasured from stores, candle five and tuter concluded on the simlarity of radiont heat hig

ver ot anlil the following contury thal the measre of fomperaiure became really understood hy

The end of wneteenth cortury saw the introduction of bimetallic femperature sensor {21 This

B

ermuemeler contain no Bauid but operate on the principle of unequal expansion hetween two metals,

rat 18 bonded o anciber will bend one divection when heated snd will bend in opposite

2 hence the naume Wimetallic themmomeieri2] The bimetailic thermometers are

v

sy 1o understand, wud also have a wider span. Thus mabing them usefnd indusirially. In

2%, Humphrey Dary discovered that all materials have positive tevuperature coefficient (PTC) uniike

wiuctors that have negative wmperate co-efficient (MTO)Y and that plutonbum can e use a5 4

cd defector of temperature. It was also known that vear by another scis
an be produced heating the Junction of two dissimilar metals unegually. This type of current

ed s referred to as thermocouple effect. The two distoveries open up the introduction of

In the twentieth century, the discovery of semivondocior devices such as thermostat, fiber optic

yeratures, and imtograted omouits sensors marked 2 ogreal turn improvement i the B

nee, bord Kelvm and Anders Celsios where reward for therr works, thus instead of bundved degree
v, we say one bundred Eelvin and the “centigrade” svale was changed o Celsihus seale{31

ypershure can now be measured over s wider range to as Hittle as D001




ANALOGUE-TO-BIGITAL CORVERTERS,

The basic operation of an Analog-to-Digital eonve

b3

o depeuds on companng two amalog

&

a

fgital output depending on the autcome of such comparison4]. I takes in anmloyue

Py

userd

s, 3t 58 somstime called an Cencoding

noan ADL arrangement, the input analogue voliage is encoded into binary fravtion of the

terpnee valtage very so that the output of the ADC consist of digital word given by fhe EXPIEASION

I I
Yo = B0 8 B0

P

Yhere v is the munber of blis in the digital word and bobibe o are binary coetficient which

s have the Jogic value § or 1151 Below is a block dingram showing 2 possible arrangoment of a 3 bit
o red

f_,_},;)
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From the expres

sion above the analogue mput voltage 0 ADU quantizes this vollage atn

sampling tosiance 1o give a digital word, The transfer «

(‘.'

- » N N
haraciensiic shown below shows

digrtal translation process.

100 : :
00 *

>
4
0
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L

t/ Oradped chameteristic of a 3+




This shows clearly that an analog voltage of say 2V can ba, represenied by 001

o gquantizanon emror in the ADD. This ervor can be reduced ush 1 digital word of groaser

v quantizetion ervors st remains, It can only be minimized.

start command

Comparator
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DAC Registers

&

Fig 2.5 Block diagram of an ADC

The ADC copsists of two main Mook, a comparator and a conmro! unit | as wel

spue vonverter (DALY ol and registers. The control unit has three Inpuis which are Vin, a clock

art conunand, I3 oulput 1 the control urat depends on which analogue signal {5 greater (6]

L

dlowing operstion sequence will commencs whe AR 13 swihiched on

ommand goos bigh and this caose the A/ 1o siart operation

bl

clock determines the rate at which data i3 sent by the control to register

v mimber, winch is passed into the DAL




fed urio the c:3‘f‘ﬁpziirzz.{m'§ which #'s compares with that

provided by the DAC {51 Mow letiing the analogue signat be a ‘v A and the oulput signal from the

Lo

the comparator outpul is high

L % A, the comparator output s low

2.3 BRISTORY OF QVENS

Belore the vention of sicrowave oven, sioves have been used extensively fir cook

baling of foods. As carly as 1849{7], there bave been hsiorical records of stoves built in Als

C.B

France. Bt ostroctures was made of bricks and becarne very popsiar in America. The Oermums alao

wiv first kind of stove which was known as the

C Benjamun Frankiin ako late
ed the won fumsce stove which was called the “Frankbin stove”, Jordan Maott, Invenied the first

tieal coul stove i 1833 While James sharp, 2 British invenior invented the first gas stove in |

sr mventtions and improvement were wade bat perhaps the greatest discovery of o1l is

the MW aYe oven,

The beating effect of microwave was discovered accidentally in 1943 [8) Perey Span

American scif-aught englueer from howlandmaln was buil magnewons or vadar sois with

werican company Raytheon. He was working on an active radar set when he uoticed that » peanuls
chocniate bar he had in s pocket staried o mell. The radar had melted the chocolate bar with
use pop-corn o verify his findings Spencer crsaled a bigh  densiiy
- feeding microwave power into g meial box from which it has no way

s

o place inside the box insroases m temperature and start io cook.




230 PYRE OF OVEN - The comumon type of ovens arg

Hearth ovens- this type of oven s made up of different stratz of lavers or ray all m one
compartment. Each level is an independent oven since 1t is equipped with industiial stream

nroducer, ieraperatore regulator, timer and Hphting

- {Copventional ovens — conventional ovens apply heat fom the bottom and as the heat nses. It
create different temperaiure areas within the oven, hence, they are referred fo a8 roned
- . g
DYORS

- Fan assisted ovens — ke conventional ovens, it operation are similar only different is fans are

Oy
A5

incorporated into the fan-assisted ovens 1o ensure even mnperature distriby

232 DANGERS ASROOIATED WITH MIUROWAVE

Tin foil, alumuman fdl, corame decorgied with metals and producis containing metal or

cosbuetive obgedt can vause sparks when they gre ssed in puicrowave 111 This s as ¢ Hoof

the metal objedt placed imo mucrowave will avt as an antenna sbsorbing microwave vt

$TLL

I the object is potnied, the pomted end sl sot o coneentrate the eleciric field formed ut the

Wi

s the effect of exceeding the deleciric breakdown gradient of aiv sbout 3x 10 vim

causing sparks o form

gontroversial havard of wucrowave food i3 the health implications. Rescarch
conducind by Gorman and Ruossians reveal three main calegories of hazard [12]

y
H
H

4

{alegory 10 cancer — causing offoct

s

Nutniiion destruchion of [ood

ab effect of exposure




CHAPTER fg’ﬁi{iﬁﬁ%}%ﬁ

3.1 DESICH AND IMPLEMENTATION

This project work, the designing and constraction of a micro controiler temperature wonionng

Fan

ing device was reshized In modules. These modules were hrought together o form the

T N 2 )
SO0 OTRYG

whaole sverern, This chapier seoks w Jook into design approach and material mvobved

301 MEODULES

{1} S - volts power syston modules

{1y  Temporaiure-to-voliage conversion modale
(i &bt enalog-to-digial conversion modules
(v Sebit miorecontretior chup module

“or effective conmunication with the user, 7-segiment 15 also used.
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Slain — frow pubhic clectnieity or generator gic.

Regudated powsr supply - This is the mavimum demand voliage of the svstent Lo, 5%, Thi

wegrated cironit chips on the system.

Temperature sewsor -~ this wmt szerves the pupose of converting the tempoeratures into

messurable hoear voltage LA 33, a tewperature transducor senses and converts the buling

iempersture o electrical voltage squivalent.

- Analog-to-Dightal converters - This wut deals with converling varving electrical voliage

5ol bed

{analog) into digital form that cun be understood and interpreted by the microcontrofier.

o

Mivrocontreller — this wmi pectorm all oporation on the quantized vollage, siore resulis of

C‘" .

operation, display resulls depending on the rosult of the comparison, the microcontroller issues
commrpand through the switch control unit to oither maintam the baking device in operation or
turn ¢t off)
Bisplay - for real e comununication of systom sigtus with the homan world, 5 visual display
will be neceasary. This display ¥s a 4digit, T-segment common muitiploxed displav.

- Lead - the heaning element of the baking device,

- Buzrer - an alarm unit

W12 BESIGN IMPLEMENTATION OF POWER SYSTEM

i oyerenels tngvigagme o SR 3 yunest v ryeiaeed
o this project work reguires 2 3Y direct ou

Adl the "ﬂ.t"’"i" ated cireut fi 13”{} gued o real

cuomake 1t operational. A siople power mindule consisting of & 12V, O34 step-down

.
e
ooy

wstormer, a bridge rectifior and LM 7803, .3V voltage regulator was used o achisve




The

supply asd steps it down 10 approximaiely

convert the

rectifier 1o the voltage vegulator. The LM 7805 veoltage was incloded 1w accept an un

12V voltage mansformer takes an inpot voltage o* ahogt 230240y

Ao into Do by removing the npples frequency produce by the sinusowdal volis

weiions arve incorporated nle the power elreuit to couple the unstabilized voltage output from the

i3 common and grounded. The stabilized voltage is collecizd between pin 2 and pin 2 tenminad

Yau from the main

e bridze rectifior 15 used o

rabiived do

pur 1 terninal and produce a stabilized vollage 05 5Vike

% .:.\

gt s pin 3 fermivals The pin 2




303 DESION IMPLEMENTATION OF TEMPERATURE-TO-VOLTAGE CONVERSION

i

hide 1s yutended fo play the role of converting the physieal quaniity of lemperaiure ingo

3

ba v

w roensurable electrical voltage. As g resull, 118 desire 1o seleot a swtable tomperature sgunsor capable

of carvying out the reguired conversion, funcuion, soenveniently and be compatible with the ADC.

e was used i this project workl It is o contigrade

o

To zchiove thiz, the LM 33 chip pack

temperature sensor used 1o convert the ambient temperanme o vollage. The device g a Zpin plastic

age chipl 14]L It has the advantage of calibrating directdy in degree Celsiug, Other advantages are:

st

The LM 25 doss not require extermal calibration and provide acouracy of +1/4%0 a0 room
teruperature

It can be used with single power supplics

g
U
3¢
1753
£
et
e
o
fon]
]
-
el
s
-~
e
2
jotey
—
i
.
ey
jone

ti. Hohas low self-heating capabilitios of
»

Pe o some of LM 35 specification it became nocessary 0 use the device for the projecl Some

spectfieations of LM 33 are

b A gugranteable avcuracy of ahout 05% {at + 257°C)

I

2. Hoeeds ondy about 60 A of current from s supply

3. 1t 1= divectly calibrated in degree Celsias
4, {an operste over a temperature range of - 5370 1o 150°C

5. Suitsble for remote application

&, {an operate from 4V o 30V

FON




204 BESIGN OF aNaALOGUE-TO-DIGITAL f..‘f{"}?“é'%"'E-iii{Si{}?’i MODULE

The design of this module followed a very carefnl selection of & suitable analogue-to-digial

" N

covverter capable of performing the required conversion functions ADC 0804 1C chip analogue to-

cigtial converter was used i this project work.

The ADCORGE 12 g OOS, B-bir successive approxamation analoguc-to~digital convertey that

cu a differential posentiometric

o e s nnnn PN 5 ;o .y -
(ﬂ:) o WA [:J Msaasad Yoo i ’}g:‘i Y wE i‘:}

YA - W g wnnrnmmmnnnaneran [T O U RNV R
SR el O 5 DEC (158

TN e 034 17 DR
VY I . et e, .t ey
IR el 05 16 (8 0

' g} 3 o [
ALND el (3 G L

Y e P 03 4
Tt 17 e DB G
i
;L

B o 71 e DB 7 MEE)

Fig. 3.3 conection digram fov ADC 6804



LLACDESIGN CONSIDERATIONS AND SPECIFICATIONS

i

choter wnd subsequent apphication of this converter in this project w

y necessitated by g

number of cuistanding fratures # posses as well as ofher mamerous capabilities 11 offers, which inchinde

5 281

> Gk

i fws compatible with 8080 microprocessor derivatives, and requires no interficing logic,
i, Basy inlertace to all nucroprocessors, or can operate “sland alone”
£, Logic mpuis and outpuis meet both CMOS and TTL voltage level specifications.

fy. it has on-chip clock generator

o

Hooan use OV 10 2V analogoue mput voliage rang

Vi, Mo zero adpust required
wverter the followimg key design specifications,
1, Resaiution — 8 bits

i Total error -~ + JLAR

i Conversion thme-100us

316 DESIGN IMPLEMENTATION OF ADC

For the purpose of this project, the modale wa

[

designed and apphed microcontrolier interface

To achieve this objootive, the ADC 0804 chip was wired as shown

YL

RGBS 'ii.}, converier,
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Fig Jué Aae ADHD G204 wterisce mioro controiber

LET0B-BIT SYSTEM CONTROLLERS

4
R Lol

37 COVVETSIND BOCLSE

¢ converted data

fogeal operations on 1

nent display

decumal equivalent o the seven seg

controlier 15 used for wvstom control. The system control amony other th




Respond to koy pross that provide user contnl

LA
Rl

siove and load usor setting

R

The controller is a fully stable OMOS device with 4KB of on ohip re-wiitable and re-programmabis

o

flash memory, 128byvies of internal memory and numerons on-chip hardware functionalmes

programmmed i © language. The sysiemn controlled interface with other hoard

feprciod in the Rgure below,
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31.8: DIGIT 7-BEGCMENT HSPLAY

For real-lime conmmumication of system status with the homan world, s visus! display system is

This display 15 o 4-digit 7 segment comunon anode multiplex display, The o

15 show bedow,

“

For an n-dight muelliploxed display the scgmoent cwrrent vequired o produce the same brighiness

H v o <

rsuch a segment would be as i1 were individaally connected 1o a port iyl segments

Domgment’s chosen as 10mA, a digit multiplexed display would reguire 40mA per seument,
o ey t . 74 R
i onorease inoseginent current 1w to counter the cwrrent discontineity caused by the time

woto multiplexing. A DSmA forward camrent was selected for cach sepment the required

’?

current thersfora is 5 1 15mA = T3mA

_,.é

Fhe tolad aipbabel used 19 8 giving atotal current of € 1 7SmA = 600mA,

8 Le. alphabet a,bode Vand g with decimal point

B
4

Ny
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Fig 3.7 -7 segmen Display.

The transistor used for digit comrel must therefore be capable of handling this velue of pulsed current

o £

¢ = iolal seoment current = S00mA



The 25 A1013 GR fransistors bas an Hro typicaily 200

s Voo Vhe - Vol (8931

SR EICHS

£2 hase remstancs was used instead the svstem contred also interfaced with eleciromechanical

o PNP transisiorn

L]

s
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