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ABSTRALY

his project is fo design and construct an glectric oven for baking of 230volts with power

conswnption of 1000wsits

This wut is capable of baking fast foods and other kimds of withoud the food

ngcessarily coming into dirsct contact with the sourse of heat Such foods Bike bread,
varisty of cakes, meat, and thely Hkes can be baked or cooked as 2 result of the hest
copiort of the oven whigh i goneraied gl bigh tomporstury by the thenmostatically
conrotied heating clement,

Thas, fhis electric oven is comstrucied from Jooad materials oblained from owr market.

This unil bas alen been tested and found o be effective and funchioning according 1o the

designed speoifications and is vapable of withstanding the test of s fhrmip

favousably.

onsequently, the zogt of producing this pven gives ¥ 2 striking advardage over the

forsign ones.
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¥

from obnt’s faw, B = VA, where B is the resistance of the element, The total heat enErgy
produced s not fully ssed in baking due w heat loss by conduction, convection, and
radiation. Henoo to mintmise this, lagging materials are wsed o keep the i(:m;\i"l.ra at

pre-sed value. Since the temperature required 1o bake o type of food differs frem the

other, this smphes thal

wa

Cotwmperaiee regolating devics known as thermwosiat s
moorporated i the electric oven. Thus this will awt off the power supply when the
temperatirs of the oven has yeached the pro-set value, and will slen avtranatically switch
P when this temperature falls 2 Hitle bellow the pre- 5ot vaige,

An electric oven baing a chamber of an enclosed compariment for heating and
haking of foods i construcied from different local materials obinined from the loal

el

sarhet and these mulerials are relatively cheaper than the ones in the ones in the modemn

markei Those local matesials ave ussd in the constroction of the cabinst, which is bousing

1.8 OBIECTIVES
# ¢ suapr ohisctive of the electric ovens ix to bake foods which must oot come
o direel contact with the soume of heat and this must be dons af g preses
teroperalure,
s Another objective of the elociris oven is to achieve uniform flow of beated air for
baking of vur foods,

«  For enmigy efficiency, seloction and continues signal indicating desived baking

&

To achiove oy make o {iéi".i’erfsme i the taste of fonds which might vary o liftde

I3




1.2 METHODOLOGY
Aw electrie oven boing o chamber of enclosed ::{:szrzp:ﬁrigmm for baking of foods is

o~ v

being made fom different focal materials obtained i amt our tocal markel These loos
smaterials are ased in the comstruction of the cabinet, which ix housing the heating

clement,

Thes benting clement gensrates beat whick is being ssed by the nven for the

baking of foods. Cument flows throegh the wire in the centre of the resistance slement
where the clectrival energy s vonverted info heat energy. Thers 15 & thermostat esed for

regulating and controdling the tempersture of the oven,

13 SCOPE

Tiae project & meant o design and construct an eleciric oven for baking of
HIMWans, I30Vols and 30H2z 1o meet the designed specification of the ones in the
market wm which foods such as breads, cakes and their Bkes can be baked at proset

SETMICTRLG Fangd




CHAPTER TWO

FATERATURE REVIEW
2.3 THE SCOPE OF THERMAL INSULATION

The early man Juring the Dark Age realised th it the conservation of heat euergy

CEEY

wiag effecied by using insulators. However, be did not assign sny nmme or give any
designed fechuical functions By 30 This be achieved by wrapping himself with clothes

whenever i rained thereby finding the rolativmship betwesn the quantity of heat flow and
the nurober of clothes he wiapped.

The wsaiator was used for two purposes by the early man;

a} For temperalure confrol

by For heat ensrgy conservaiing.

by the progress of this arldevement with thme, man started using insulating
msteriaks to build for bimself comboriable enviromment during the cold seasom because

he discovered that 3f (e wes made and beat erergy s0 produesd is condrelied and

meserved, will stay for g long perod to comfort him He also used the hest energy
produczd by the fire to warm and conk bis food by bringing the food in a container in

dirpet contact with the fire,

in tds mesent dispensation, the aciivitics have ranaived, bul with modifications
dus o the progress in the side of techandogicn] growih and advanceoment. Insulatiosr was
one of the early roan’s achisverments;, however e discovered that be hag o consider some
factirs before zfizeogi;zg any majerial for use as an sulsion

This is bevause when a material ¥s combustible, it cannot come in dirert cotact

v

with fire. There are some materials he used for shelier which bave 1o be kept far avway




from the fire. Soch materials included woods and leaves. This shows that he leamed and
was conscions of the temperabire fonits and combustion endencios of s sulators,
Consequendly. be was selestive and careful &5 to which material bo will depend
apon for a partivular range of heal t be presorved since a single particular material was
wot suttable as an insulator for gl applicasions, Bt modern food ovens have no smoke

and the risk of possible fire outbreak 1 much reduced.

2.2 PROCESS OF HEAT GENERATION

Agpart from ofber ways of heat production sach as burning of fuels ke coal

7

woods, kevosene, Hauelied poiroleum gas, the heating effect of electric current 15 snother

o

way and for obvious reasons, it s idest to have chosen the heabng offect of elevire
current on & resistance element g5 the method of heat production which wmphasis will be

fard on.

2.3 PRINCIPLE OF HEAT PRODUCTION USING A RESISTANCE
ELEMENT
Pleowiy snergy is converied into beat energy whenever an sloctric ourrent fows
duough o resistunce slomerd, This i3 beoause the flow of clectrlc cureont gives nise 1o
prodaction of healy se mawy eloctrical appliances when comnecied o powser sepply
weatb, example elecine stove, ghectric snidéréng iron amd electric won jest

mention but a fow, Hence, thus heating sffect can be used in our food ovens to bake ow

For instamce, if a current of Hamps) flows dwough s resistance clement of

i

cohuna for 3 time © {seconds), then the best energy pr aduced g 1R/ € (loules), Bt in




most beating equipment, all the heat produced is not usef ully smployed, some are lost due

o surrounding of 15 used to heat the vontainer’s body and as 3 1o eslt, the efficiensy of the

"

healing equipment s bess than 100%., Usine Ohnts Ia w, B = 7 and Jamnes wath laow any Vi

a2

=AY From this James walt law, one can now determine the power injected inlo the

L

aven with all the paraneiers as dofined earlier,

24 TYPES OF RESISTANCE HEATING ELEMENT
Already we know that many domestic eleciris apphances have heating slements

such as kettle, faundry Iron, roont hesters £ warmers ete. | ia wptant that sach sloments

v

muist not come o eonact with thelr encasements to avoid the danger of short cirenit or

earthing which might reselt to slectric shock 1o the ey,

d

The muterials used in producing thess besting elements mcludes nickel hase ahloya,

copper wangao alloys, copper - nicked, zine alloy, (nicke! sibver ete. Pyt allo v5 used for

sleetrical heating slements must be adapted for continuss use of atpspher
CHVIGTHRCRL

Some tmws ot abowt 1000% or above, these alloys nust also show zood
processibniily re. capable of being drawn into flexible allies. The various manser of
shaping the eloments for various sppliestions are as fullows:

3 Cot element
A cotl heating element consists of a long 5{’{5%& ot Michrome wire s is uaed

mainly in places where there is lttle chance that any one will accide ntally touch. B is

ooy

conmmonly, placed in the goll work of 2 space heater or inside an electric o drver.

£




oYy
oniy

e tabular

2.} Vabular or carlod slem

The punciple of operation s the same gs that of the ool element it

H

commonly ased in electrical cooking applisnces. The

heaters are electrically safe ang

(213
1%

we mamiactured in several steps; frst spiral wound michrome resislance wire is wpaciod

The wire s then encased in 2 nicked stee} altoy sheaths

o magnesinm oxide.

NMichrome wire

Fosed magnesium
axide

cii away view of 3 tabular heat tng slement

Fig 2.1 ¢

o

o} Flat surfacs heating eloment

Like tabular element this use Mishrome wire as their pritoary sosrce of hest, fat
surface unily made of Michrome wire coils comentad info cast iron cooking Sb‘:i'i’jai:i’..‘;
are more common Skewise wints using a ceramic base instead of metal are ntreduced,

d.y Doable spiral eloment
s with a double spival shape a5 shown in the fig 2

\"'1-

Thiz se of two spiral slemen

hedow,
They are used o modem switch-heat soyface unit, the two slemonin can have the same
power vating but the inner one normally hay o smaller power AN,
s"‘.‘ P N
)/ . / " %
§ KL ST o
i > ; fﬂ‘ Koy
P ,
i& g’,, N, .' %" A —dnaer element
Sx"‘ .\% e, /«‘-ﬁ‘, ,,,,, ¥
3 ., -
N CO - puter slement
-
Mm»,‘w‘“‘”ﬁ
clement

2 Bouble spired

~3
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243 Types of huaping for varimes Beating element

¥

Heating elements normally consist of one or more resistance wire enciosed in an
oversl heat conducting muteris] but nsulated by :muv asbestos, poxalin magnese oxide,
{2 white chally substancs).

The methsd of iusulation depends on the type of beat production being used on
dagly basis. The electric oven in particular happened to be an exanple as well as 8 laundry
o, electrio toaster, food warmers ste.

Some of the common encasements wsed are:
a.} Porcelain Spirally heating elements can i;s: placed inside the grave of

X

porcsiain woulded plate design for the oven

by Fire clay slab: Here the spirally wound oloment made of Nichrome wire of ot

piate 13 emsbedded in batwesy twn fire e:ia}' bt has the disadvantage of being
easity broken,

¢} Chrome won In this case the heating cloment is plaved or serted m g
chromed o brass pipe and are commonly used in inimersion wails heates,
hetties el

There s always insulation around the elomenis so thet i mi ghit not come in oondat

with the pipe to provent falal slectric shook to users,

.42 Typses of arvangement of heating element

Flg, 2.3 Ringle coil type



4 Cotled-coil type (doubied

oy
=
3
e
~

%.m.....wv

Fig 2.0 Span type
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L CHOICE OF HEATING ELEMENT

We have known the various types { heating elemends Le. types of material used for

making the heating element and how the clements are onelosed, The beat requirement

then determings the ype of elemens we shall use,
in the comstruction of the sven, the Pk type slement s better used sinee the

comstrection of the oven is surh 3 way thet the heat produced should be sufficient suough

o bake whatever is put in the sven. And the Fork type glement ooccupies 3 large space;

ot

conseguently, the heat produced 1 evenly distributed within the o

246 HEAT THANSFER PRINCIPLES

Heat 5 a2 form of enorgy and is doe to the motnn of molecsles which ail

snoes are compasod. The effest of adding the heat s stroply 1o morease the speed ot

which 4 modecules move and hence thetr ensrgy.

277 HOW ELECTRIC OVEN HEA TS

Any wirg carrying cwrrent becomes warm becauss of the energy of motion of
electrons. As electnms move through the condoctor, seme collide with sloms & give up a
prodon of thaar energy which mabes w solf apparent as heat

Sovoe condoctors are so designed 1o koop heat losses minimom such as underground and
distribunon cables, while others are design to generate beat. Thoss ones that genorate heat
are often cofled io some longth o form heating clements when mounted o suitable

reivactory suppons.

The heat so generaied by these bogting elements 15 wansferred in dune ways viz




a3 Condartion: This s the transter of heat fremn o phace o the sther through a
material as 8 medium by the vibeational wotion of the wokeoules of the material

by Convection: Comvection is 2 way of heat bansfer through gases or
mgdiun In this method of heat wransfer, the st aby sses upwards while the
cold air goss down 1o be heated by the heat from the heating source.

o Thermal radiation: This 5 heat fsfer without a materal mediume o thas
method heat wavels as eleotromagnetic waves which can ocvgr in g tolal vaomon

as well as in 2 medium, Radiated beat vansfer 18 proportionad to the {ourth powe

of the sheoiute lemperature, where gs condus

i oand convection s proportional (0
the hnear tempersiare difforence.
But e nature, all the three & are combined i any hesic process of host wansder as

cloctits gvens are no exoeption ass due consider

o will be piven at the design stages.

2.8 THEHMAL EXPANSION

Matter 1w made up of molsoules and when these mol

uics guin Kinehe enprgy doe

w0 heating effect, they vibrate and the distance between the moled

witl fnores

causes cxparmion. Any incmmase in lemperature, inoreases the average separation of the
modorsles consequently the yvolume, ares, and length of the melenal will alsg moreass
with gy inorease i s body's temperature.

The expansivity of solid is less than that of a Hguid. In golid the moelecules are
close parked and there §s atizaction between thum, ba’i i tpuid there wre bittde spaces
between the moleoules with ondy o Hitle atbraction, more a0 the molscales of # Bopod can

vibrate easier than that of g solid. 5o the cxpansion of the Hauid 15 more than et of the

gosbpd,




i m AT

The frachional increase are presented by

e f)

The quantities Y, B and & are Enown as the Yolome, Arsa and Linesr thermal

expansion cosificients respectively,

4
blonw

3"“ O

igis

Whess &

the fength wd A7 is the ares o be messursd ot 2

s,

b3

15 equal to the

e

- } oy 43
change, ¥ 15 the

4" when Y and A are yaed

Table L1 TVhermal expansion of diiforent raetals

Lt 54

viinme, Lo

B SURSTAMOE Kl YK -
DIAMUND ) 3.5
3 HEAT  RESISTING | 3 3
CLAGRR

3 GLASS SOFT 4 27

4 CONCBETE 0 30

5 TRON 12 i

& BEALS 149 57
ALLUMINIUM 25 7%

8 MERCURY 84 187
g RUBBER - 240
i} CLYCOIN - st
i GASOLINE . 54
1 BENZENE . 140
i3 AUETONE - 1450




CHAPTER THREE

BESIGN, CONSTRUCTION AND OPERATION OF OVEN

Fhe slestric Oven iy designed o opeate at A3V, S0z and 1000W but due w

3
g o b

oh 15 siil adequate

fossos, this supply sometimes may fall between 2EOV and 230V wii

for the suvcessiul operation of the Oven,

vé;i_&%s A fuse * Hpputate
ji33131 i @3t

h

Supply ;
By {3uiput
SR it
wnmnrsnnssmpioioteeed 333311 i
O

Fis

Feg. L4 block dugram of an clesing oven

31 CALCULATIONS

AL1 Design of heating ehument

prene

ihe desi

is based on a vollage of 230 volts with power conswmption of

HHH watts. From equation of power consemption (L.e fames Watt’s Law), we have that

TR

E::‘ B ;’y' wcarmrnirsns - [ IAVIST g:‘z g )
Whre,

B = Power consunplisn in watis (w)

= Current i ampers {A)

From equation €313, we would have:

i 10 e e e Ak s o o b3y
y

subsistuting the valuss bnto squation {2.7) above, we bave,




108G i

£

Lad
(92
e

1 plies that the curvent (1) of the beating clement s 4. 35 Amperss.

Thus, the resistance of the hesting clement van be obtmined from the

From chm’s faw, we bave that;

L L ¢ U (3.3
Whare
fand YV oare as defived above.

H iz the wsistance of the beating cloment
"3 e J'-}“( Oif‘."
t= 4. 30Amps

Henes, from eguation (3.3} we would bave than

vy
N
§
¥
?
H
H
t
£
3
H
¢
H
H
$
%
3
¥
H
1
¥
H
H
H
2
4
H
H
$
H
t
§
¥
i
§
i
1
i
H
T
fad
i
Nemat

Wowe substioge the values into equation {3.4Y, we weoadd have,

= 52.5(1

Therefore, resistance of the boating element 15 52.9 Ohins,
Design dala

Vollage = 230V

Waitage = [000W

Corrend = 4354

Besmstanue = 32,942

Considering the 40Watts lamp for visualizing what is being baked, wo would have;

.

f_‘,::: = i;;-ﬁ;ﬁ
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33.2  Law of eleciric heating

The law of electric huating is known as Joules law given by the equation;

B e {4 ¥ 50@2«5 -

= Heat

= Hesistanoe

Ve Current

T

The heat, H could be expresssd ss VR, wiand e §i¥ uieb Whers Vs

= Time

:sz

are as defined above and 1 is thine in seoonds,

The mechanical egquivalent of the heat produced can be express

Therafore

H .
Henge,

.1 eaborigs = 4.2 joules

303 The efficiency of the oven

The efficiency of the oven can be given as:

W
WAAFB+ L+ D

hieat used in rabsing tunperabire of the oven.

hieat used in raising lemperature of container inca

= {onduchion of heat through walls,

sescape of heat due 1o opening of door,

secd i on

fories

Lol
L

o

the vollage, §and B

Liw
d
e

o~




The heat reguired 1o rawse the lomperature of the oven element W, can be oblained by the

Lot

LUAEEIY B Tl e S e 11445 0 0t

o~

Py
e

B o= nas

9 = specific heat capacity

-1y = chongs i femperature.

it should be noted however that ihis loss ocours saly when the oven bas cosled
dorwnt and b would remain constand so long as the femperatre of the oven does not
changs.

Heat used in raising the wmperature of containers s usually calonfated i exacily

e,
Lo
Naet

Ka.. .
Heat loss {through walls) = g 4Ty} WO vommereenomsaene e
%“SQK’-?.‘-’:,':,_
= thickness of walls b ()
A= area of walis in {?‘vi/’j

Ty & Ty = instde snd autside omperaturs respestively.

¥o= thermal conductivity

Heat toss due o opening of the door 15 duficull tn caloulate w that vt de

serator, Howaever, the door 15 usually not left opened for e loag,

e

Rveg
R

Henoe, the relationship of the heat prodused electresily, the best absorbed

sohanically ared usefud heat can be expressed ag shown below:

e 0 20 2 e sl e w8 __‘_,_f‘}}

ot
e,
(334




.
¥

Le. Blectnual heat encrgy vonverted = Absorbad useful mechanicst 1o mechanical gnergy

¥

from energy converted ino heat onergy heating slement.

Y= vohiage i volts

Fe=Current i amperes

»

b= ans of substance
S = spectfic heat in (g%}
T = temperature i w
314 Kesistivity and thermal properties of some materials

The table below shows the reslstivity and thernal properties of some matevials.

Taple L1 Resisnvnty and fhermal properties of soroe matenials

MATERIALS | BESISTIVITY | THERMAL | PROPERTIES
poat a0 | SPECIIC THEEMAL AL TING
-1t HEAT COMDUCTIVITY | POINTS "0

Ikg °C Wi

Algsinium Z5.3 268 218 G654

Lt

Conatanian 500 414 220 1100

b A

{opper i7.24 L 3ED 244 S

(rold 24.4 134 196 FHE3

oo
Ret
<@
.-
-,
b
ol
i
N
Na
s

T 1535

Michrome 1164 430 112 144

Tungsten 33 1485 20 3410

mickel 854 4603 Gid b455

PR
ey

,...
N
[N
B
2
<
EeN
fowd
a0
N
N

Ay

1

i G074

Pure HzO 2.6xi0 4184 .58 .0




12 DESHGN REQUIREMENT
A poed destgn of an electric oven should bave the following
a3 §toshoaidd be able to provide adequsie temperature wmionmly throughout the
(Ve
by There should be a sullable temperature range.
o} The temperature oontrel should be rohable and there should be offective
insuiafion against heat loas,

4.3 There should be an socurale tme which guards the oven,

[
N

i1 should be easy 0 operate arsd maindain
3,21 Hmensions of the even
The dimensions of the oven were chosen, teken into consideraiion the size of the

densgh, mimnber of dough to be baked at o thme. Hence, this oven can bake o very large

"

pusnber of cake of pio at 8 given tims,
Cutside Hmensiy of oven

Foo= length = %lom

W wighth = Slom

& lagging space of 1.3 inches was made on all sides of the oven to prevent heat loss. The
dimensions of the baking compartment are:
Length = 88 5om

YWaidth = 38 50m

EXYY
pee

a5
y-
2
o~
o

b v
P

vee: of the oven {(baking compsriments was calouialad 1o be:

Yolume = lenpth X width « height




"

,.
sy
8

. S, 3
= 4581RE.625 vm

Tabde 3.2 Cost of maierials / sncessories

BEE Y ' CGUANTE SPRECIFICATION

-

Hl Heating Element LO00W ‘ 1000

12

Thermosts B 400

ontrol Swich i 3311

x - Fuse i 54 Ot

imticatoy lamp Z 250V 04

& 40 watt lnmp } ' HIW 50

P 7 Cable {twin) Thm 2 Sy [REE

5 3 Pur Plug i i34 P50

9 21w i1 Hest 505y

resteianee Llass

iG {iass fibre ot 4 (83

i 17 teet Mild ste] 1 4 Biack 3,403

sguars 1x] pipes

{2 Hteal 4yi 4 : [GERELY

—mt
Lo
-~

Ascessosigse.g. | Lot 230

r

g

]
R

B Painting LS

P1E vl {rasi} Half Shest ' P00

RNy

-
w3

rane
3
o
&
L4
.
N
o
\.’13

Pe
-
o
P
~
b
LAk

pipe %
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3.2.7  Diesign of the cabinet

Fhe cabinet which provides both the outer and inner walls bas a struchirsl frame

A%

vy

bany

Yend o ngh
SOl n

3 SEIRTTRE It I 1 P
made of mild steel of

- pipes and a rectangular shape box measuring 3 % 2 x 3
dimenswn,

The cabinet consist of two fron frays kaown as the grill; one heating slement, one
two indicslor laeps, a 40w lamp to brighten the mer chanbers and

il

thermmstat,
commsoting wires. The galvanized mild sieel 15 vesd because of s strength proportion,

5 o o ’ w g v :

i has 2 strength fimit of 280 N/MAY, field stoopth of 350 N/MMY snd has a resigtance fo

comrosim. Hoconserves the interpally proemsted heat therebyy yuaking the heat wore

svatiable within the pven,

The constructon hss avalable foetires which include mgonatio oven Hghting
There i one door with beat resisiance glass for vision,

Hlem

BFiam

o233

S

Fig. 3.2 Frane stoucnue

24




M3

W

The frame fractores are used in order to provide suppert and also provide apac

between the walls where the insulating material ¢ msid v placed effostively, The steel is

~

waed 1o vover the frame strusture intermally and externally, therely creating a hollow

24
13,

sprce between ther, where the insulating material is placed,

Also, a provigion of about 1om is created by the side of the oven, With

3, the control switech, all te wiring, the swiitch for the 40W bulh, pilot lampy are

Al thus protouding provision made for the glectrizal installations gives e oven

a befiting shape. Boo disgram below,

Bl
Py
N

71
i /

fgsees

%
q"*"‘“'w}
§3omm
Fig. 3.3 The protruding strocture for clectncal instadlations

3.23.3  The donr

The door 18 alse made of stesl with an opening in the mididie where the transparent

3 ¢ for visuahising what i3 being beled The door has a

heat vesistance glass is fixe




dimension of 68 % 73cm. The space surrounding the glass is properly inselated against

~

heat foss. The door also has 2 handle for opening and clos wmy of the door,

_ : Prooy

[ —{

Celass

Fig. 3 4 the door
324 Belection of materials
A number of mponant fotms were consiidered when seleciing the materials for
the construction of the oven, They are considersd in terms of environment 1o which the
oven i subjectad fo durfeg s servios Life tme and the la can ba classified as follows,

a.) Exiernsl mftuence {o.g. temperaturs magnitede and type of bading)

osive atmosphere,

Oiher favtors infleencing the belavioar of materials are stream ducting

igned and constructed in sech & way to he portable for easy

tansporiation and handling. Hence, the major objrotive of the oven iz to bake foods

P A k; . B 5. L o9 AR LR 3

which must of may vot come i direot sontact with the source of heat snd should be done

at g predetermined rmperaturs,

XY
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33 INSULATION

r...‘

Poor conducting materiale sucl as wond, couon fibre, ghiss fibre, paper, cork sto

can be ased ax imsalaling materials o prevent & et b by mansferring heat beoween
bodies. The heat produced in the oven is meant (o be retained in the irower casing therefuors
some wmniatimg matorials ave veeded Lo resist beat sadintinn.
LEE Cholee of fusulating matoviad for the oven

With doe consideration of the thermal characteristics of the msulating material
which were mentioned earlier and the lovel of heat {’i?”‘ with the oven, wood particle

board and shumnium fofls was ysed as the tsulating materials,

it 15w matenial of fow thormal couductivity used fin prevention of heat loss which

337 Isnsulating the oven

Fhw conduction of heat through the walls of the oven was redused by construs tng
the oven with double walls. The space Detwern the walls s packed with heat insylating
materiais {wood particle board aud shaniniom foils), These mubstavers are n onb ¥ paor

conduciors of heat but have the charactoristios of beiug von inflanumable. Thas any

material of low thernal conductivity uaed for the purpose of preventing heat loss iz calied

Nuse: The oven bas two types of heat inselation
a.} The wood particle board: To prevent heat toss by Conduction and Conveution,
.} The Alwminsun fols: T'o prevent heat loss by Radiation,

L33 husisHation of the slement

3.

The heating element is plased on the boltom side of the oven. The bottm side was

ei 10 house the heating eloment due to the fact that heated air will move upward

3
g




beoause 1115 less dense while the cold sir will move downwards dus 1o convection rarrent

sest up. This provess of placing the olement oo the bosiom of the oven is slso used nroom

heaters, See the disgram below

Fig, 3.5 beating zlersen amde the oven

334 The grilbs

The oven has grills thal divide the nside into three chambers. The grills sro used

o~

a5 the foors 1o place the food that is o be baked and the plate that cowwmeals the eloment

also can be used a5 2 Hloor o place the food that 15 1o be baked,

338 Palnting

The oven is painted with two cnlours Lo white vitroous snamel 18 used for the

wrteriors while black s used for the exferiors. Alss, the white vitreous enamel is also vsed

for the door and the eutire front view and the top of the oven,

A

P

¥




White was used for the hueriors due to the fach that white surfaces or shining

surfaves are good reflevtors and poor emitiors, Wihile dall or blach serfuces are good

protesiogs,

Below are two sketohes of the complets pven,

.} With the duor opened and one of the side views to shiw the manser of mstallabon

sithy all disensions indicated,

\v“

by With the door clossd lo show the frusparent heat resistence glass and the

complele ontlook of the slecinic oven.

o

Fig. 3 7{x) completr outlnok of the sleatric ¢

o
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Fig, 3740 complote outionk of the eleciric controlied oven with the door slosaed

34 THE CONTROL SYSTEM

'.

.

When beat 5 prifuced by the element, 1t has to be regulated o suit the hest

equisernent of the oven, This can be achizved by the voltage coniral i the element.

Therelore, the covtrad dovices are used o ensyre the s;;fw of the oven and 1o nroect the
M 3

-

fo0xd 16 be baked Hrom burning.

4.8 The swich

This controls the incoming sepply to the oven by putting the powsr supply ON or

Es

OFF when ever desired,

4.2 Thefuw
Thus cut off the supply on the ocoasion of short cironit or over current whivh might

flow through the cioutt, Henee, # prodesis the oiroult from damage

o)




3.4.3 The thermosniat

Thisis a i"”}i;?*‘i’hs}iﬁ operaiod device used to'controd heating equipment so that

LYE¥ 44

-

the required emperature is nuinimned. This forms the most mnponant part of the control
of the oven,

The teroperature semsing devive 15 fike o bulb which -:.wwazz;*ss vodatibe Hopnd comnecied o

PN

s

the beblows by means of 2 capil m v tubs, The boiling point of the bguid depends on the
presgure acting on ih S i the temperature nses, the Hauid evaporates; thus rsing ibe

pressura of the sy

s until a state of equilibrivm is reached (Lo until the pressurs 15 such
2% o make the boiling poing of the huguid squal the lomperature.

The variation in pressure sauses the movement of the beflows which is being used
to operate switch, The advantage of thes type of thermosiat ix that the temperature sensing

part in sttnated inside the oven for acourats sensing and raling of temperature,

35 OPERATION OF THE OVEN

The oven uses an electric heating clement o generate heat, Current Hows through
e wire iy the centre of the resistance elomont, where the electrical engrgy s converi
into heat energy. The heat is conducted through the inselator tat surrounds the resistance
glesment, futo the metal jacket, then to the surrounding m

The electric oven is controlled by g thesmostal when i s switched DN, the

criporature seusing device ihen operates the theny

stat, ihis cut off supply o the hoating

LY

slement and the tmmperature beging lo Gl When the tempuraturs

has Tallen sufficiently,

the 1o

iperatiure sensing device commands the theonaostal o Close again and sopplhies the

]

heating slement with powsr, These oyeles of events vontinaes provided that the oven OFF

PN switch remain permanently O

ER g
i
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that the temperature s not held constant i

flactunies bebyeen bao levels,

-

The difference between the levels is valied the diffe vential of the thermostar, 1

ho difference beoomes oo large, then the mperaiure 1§ nol condrolled v

153

o~

acoaiacy, O the othey hand, small difference
winch causes wear ot of the coutacts of the therm ostat Ro i fs advisable to make the
differsntial moderae,

Befow s the cirouit diagran of the oven.
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The figre sbove shows honw the oven g connected starting from 1

f,~

to the element. The power s inken o the element Buwough an 84 fuse

1 pEever supply

o protest the

circuit. This is connested o series with the ON and OFF switeh: from the switch the

conpestisn goes o the mdicator lamp and fo the 40watis oy all conne

then to the thermosiat connerted n series, From the thermuostat (o the over

o piled lemp connected in paraliel, then finslly to the heating element wiic

the noudral,

The wnstallation is properly earthed at the neces ASAYY potnts

34

ected 1o parallel,
rinsdicator lamp

b connects




CHAPTER FOUR

TESTING, RESULT, DISCUSSION ANMD MAINTENANCE

4.1 TESTING

The oven was tested and found o be sultable and gifective for baking of foods

L3OV, 30H2 and 1HKhe was supplied to 3t and the confrol devices adiy

sied fo vary the

supply voltage and i was found 1o be worki ng as designed to perfonn.

¥4

The following tests were carried oug

4.3 Barth leakage test,

by Insulation resistance st

LRI 94

oy Conbmuw

ey

25t

47 HRESULYS

During the testing, H was found that there is no makage of current from the hea 3t

clomeont (o the geneal body of the oven which could resoll fo sleciric shock t the uset,

hile the contmuity test shows that there is

SOkiraeng v hedween e

cregyiial

The oven was then pow c;gi bol because the thermosiat was humed to the

minimen, there was ao response. However the power supply indicator lamp camse (N

showing that thare is power supplicd o the ove When the the rmosiat was adpsted, 4

was fond that et various tomperature ranges, the oven operated satistacionily, Wik the

maninan levipsraturs, the expansivity of the tnner casing was caloelated using the

(B3R

prinviple of expansion in chapier b

tad
peor}




The extrs growth in dimension of material are quite small, therefore it iy adyi

that whenever the oven is not i use

Table 4.1 Tast of voltage, temperaivre and time

S EYy

VL TAGEvolis) TEMPERATURE YC 5 TIME {1 nns} {

200 P50 10
5N ' 150 16 ;

) 154 ' 26

120 § 50 31

v

fess than 120 i Infinity

When temperature is hield constant at 150°C which ia the highest tomperature of
the oven, aud the voltage regpulated o 230V, the time taken for the oven o get to 153070
will be Smins, Alsg, when the voltage is adpusted 10 200V, the time taben s increase 1o
iz, Aund when regelated fo 1BOY, @ tskeas Yomuma To 150V, the tme iaken i
Irning, Thus, 120V boing the lowest voltage, the electne controlled oven fakes 3ming
which is the highest thwe it can take the oven 1o aitain a tcm; arature of 15070, Moreover
when voliage 5 regnlated below 120V, the oves will auteanatically nof opersie under this
condition,
Mevertheless, the above 1;: st shows that at » high voliage, the oven takes lesser

thine 1o genersie 3 lemperature sufficient enough {or balang, While o the other hand, al

Wpwer vollage, it iakes more tme 10 genorate sufficiont temperature for baling,

4.3 DBIBULUSSION

The meial frame strgcmre was welded 1o the dnper pant and the ouler case was

grooved 1o form o box as reguired in the desige specification. The lnner casing was

33




31

welded peripherally © the metal frame stroctore and the

it {wood particle

board and aluminiom foll) was glued 1o the back ¢ sans of some adhesive,

The outer casing which is wade of the same materis! as the tnner casing {steel shoety wis

tastoned 1o cover the lagging materials

..,
.-;\
Nete

i welded to the metal frame structure. The

heating element was installed befow the baserment of the muer cns g oar the nukd steeld

15 chipped to the basement,

At be vight side part of the oven, the connsclions sre fiade,

thormostal frmly placed. The thermostal control knob is fixed in a posttion throagh ap

operning on the i ¢ of the aven. A red coloured Hght mdicatin 1o show the

se of powsr supply and a yellow colmred mi cator hgh

.
¥

P54

b

jas

-

o ndivate 3 warking

sondiion of the oven is alse fnchided on the control pancl,

b atl tncluded on

There is also an RAmps fuse io protect the cirot and ON and OFF

the panel. Hence, there ds o 40W lamp installsd inside of the oven for vision, There is

st any live wire from coming in ¢

¥y

ugtal struoture and e supply cable was comnected as seen in fig 3.7

4.4 BIAINTENANCE
Maintonance 15 the upkeep in good conditioh of an applisnce o porfurm ia

designod function or i can be scen as puiting cquipment back t its operational standard,

4.4.3 MNeed for maintenanes

it i3 yopetant {0 mainiain this electric:

smnent 50 that it wif

deaigned fun viwsw arid 40 be sure of 1y veliability

Lad

At




Reliability is the charactoristios of couipnent expressad as the probability that i
will perform a required function under stated sonditions for a given period of tme. To
achigve this, the oven must b well maintained for the following obicctives:

8.3 Po mimmize breakdown,

e

0.} To prolong the ife span of the oven,

~
Copoiir

@ ImCrEase o maintain s refubility,

ernent of parts,

The corumon faults that can be Fund a soiating with the oven are;

#.} Open ciroul
b} Short ciresin this can be caused vy the im,m;- stal fathing to operste or welded

bl S

switsh contacis as g result of « overheating,

Oiher faults that may ccvur in the slenirie controlled oven arg as shown belnw

g

with their causes and remedies,

Lk
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Table 4.2 Symproms, Canses and remedies associated with an oven

SN TSYMEFTOMS CAUBES
Apphance shocks the Earth leakags or shont cirasl, |
usnr conifnuousty,
betwonn
condusiors and
earth, and
between five and |
wniral
2. Apphiance blows fase or | Bame as gheve, Sume as above

bripes oirouis breaker

e

Apphance as doss pot

bt

Wi input voliage or open

cironit,

ot supply
votiage and st

fuse,

4 Appliance does ot O Faunfty, thermmostat oy Test the swich
oif. thermostal contact or switch anel the
contact shorted. thermosk |
3. Indicatyr lamyp goes off | The live condustor iz Wisually 1

when ovet

tg hurned O304

control swich

destranded or partial conirant

an the femmunal.

mechanical
coniracts and
ghogirical

confechions,

cycle (N g

brelicator lnmp does e

d O

Drafective

thermosiat,

Tost o see

wheiher cond;

‘«
H

are permanentiy

opened o closed,

fad
;




CHAPTER FIVE

CONCLUSION
The main aun of s project 18 o desipn and sonstraet an electrio oven for barking

of 230Y, S0Hz and 1000 Waits. In the previous chapters,

have discussed on how an oven could be made using sorap materials while the heating

element is used 25 means of hest prosluction,

This clement 18 placed bedow the bagement of the casing, the thenmosiat and mdicator

H

mynps are ol used. These are el moulted by the nght hand side of the oven 1o provide

The lapping metorals Dwvood parbicle board and alwmbnnm foil}) was choser

Sy

fheat vesistance and 1 lagged betwenn the walls b provent

s

beouse 8 posses the guality o

v
o

p

Phe thickoess of the lagging matonads used alse depends on the quaniity of heat

4

sived (0 be produced and vonserved,

o~y
.
vy
o
e
-~
e,
et
fas
jovs
~

The mpose of is to baks: thercfore the heat producsd must be at hugh

termperatirs suffivient o bake the food inside 1 The positiogy whore the heating clement

onstalled provides on of heat within %ha oyven. Alse mainienance of oven
s stnple sines only fow paris reguire servicing w";zx% san be dismantied and assemblod
easily.

The oven was tosied and found o be highly sutlable for baki

§ s also designed fo operade on AUC single phase of 230V, 50Hz2 and 1004 ts but due

buiion fosses, the voltage varies botween 220V and 230V which 1 still adeguate

-
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ul porformance of the ov
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RECOMMENDATION

5w e for ue o think of how we can make o s of the serap prodocts o this

try by convarting the into ftems of goad service {6 populace.
Lot every prodession think of the waste procuct aroand them and how they can convert

them indo Htems thin oan be useful o sommunty, A varieble projeot of this nature {i.e

ignt amd contraction of an electric avent is 5 good cxample. It s recommended that rhe

ey

Elecirical Enginoering Depariment and the sehool authority shouid have a production

sction/Department which should be commerci ally oriented to canry oo the production of

it which is chesper than the ones obiainable it the warkel. Since the materials used

by students ars focally available, it can therefrre be produced sasily,

-

By conmercializing the project, the departiment and schood authoridy in general

3

van generale funds intornally and bovome self sestained and wikh

srad

w abde ty offer better
wwentives s lecherers and other staff of the institution,
Hones, this will boprove their financis! stand, Thus, by this the school can geneiie

sevene from the sales of these ovena,
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