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ABSTRACT 

The purpose of this project is to cause fertile eggle~.:~~ to hatch into chicks by 

the application of heat synthetically. This thesis construction of a poultry incubator 

which has been design to achieve temperature and humidity of37 and 70% 

respectively. 

Heating of the chamber is achieved by the use ofa 100Watts electric bulb installed 

ir.side the incubator with the aid of a screwed porcelain sod .. et and humidity 

implemented by the use of saturated salt solution. The hea', is however controlled by a 

transistor- {elay switch circuit depending on voltage divider output compared by a 

comparator inttegrated circuit. The alarm circuitry was implemented by the use of 

integrated circuit (LM 358) consisting ofa time delay cirCllit,osc~l;ator circuit and 

driverlbuzzer circuit. 

Experimental results shows that the desired hatchability r(lte ,., as obtained, 
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CHAPTER ONE 

INTRODUCTION 

An incubator is an apparatus for hatching eggs by artifkial warmth, and for 

rearing the new chicks until they can f~nd !!-p.m:,~:·"%, a means thaI. eggs arc kept warm 

at a constant temperature for a period of days after which the eggs hetch; this could be 

with birds, reptiles and some amphibians. 

Food is, by far, the most significant way through which man receives energy for 

\\lork nnd nutrient required for balancing all the metabolic activities that take place in and 

outside his body frame work. Protein, a cost of food nutrient is reql:ircd for a progressive 

and coordinate health growth of body cells, maintenance of body .no.!labolisrn, synthesis 

of disease fighting agent [antibiotics] within the body and so on. This brings to light the 

importance of protein in nutrition. 

One major source of protein is egg which is produced by chick:m and vice-verse. 

The natural rate of successful production of chick per year by an efficient mother hen is 

about sixteen( 16). With a population close to a 1 OOmillion and going by the present rate of 

poultry protein consumption ,it is estimate that Nigeria needs to produce SOmillion eggs 

per day and about 150million chick per year to meat its poultry pn,tein demand. Natural 

production rate is obviously insufficient and henee an artificial means is sought to 

multiply rute of production in large folds .Only onc option is incvilabk in this rcgard('d: 

production of more chicks is production of more eggs .Hence the eSSfm:e of designing an 

incubator. 

Incubation is an insulated enclosure in which temperature .humidity and similar 

environmental factor be regulated at level optimal for growth 0)' hatching for poultry, 



environmental simulation are enacted using the condition in the bottom of the mother hen 

as a guide .These conditions are maintains for 21-day incubating pcriJd. 

Basically, these conditions are: 

[I] Simulating the proper and favorable temperature {37°C] in the f'nclosurc. 

[2J Ensuring adequate humidification of the enclosure {70% relative humidity} 

[3] Methodology in egg turning. 

[4] Efficient air circulation in the enclosure. 

[5] Control and regulation of these factors. 

The Chinese and Egyptians used incubation to hatch poult'")! cg/;:-, before the 3rd 

cenli,. i AD. The essentially heated room with V:lri()u~ sizes ,sha,)~:; and construction s 

Fire is used to provide the necessary heat ,temperature were estima.ed and regulated by 

an attendant ,who control the amount of heat by adjusting the tire and by opening or 

closing vent in the wall of the incubator .Eggs were place in layers either within baskets 

or on the tloor and were turn by hand two(2) or three(3)times daily. 

Modem. large and sufficient incubators are now used. Electricity has largely replaced 

oil as source of heat. Electric fan operating within chambers circlj\:ltes the air. ensuring 

uniform temperature of37.7"C. Humidity and temperature are controlled automatically. It 

is importailt that these two (2) factors be maintained at all times and at a uniform level 

throughout the incubation period. The air should contain approl{imateiy 70% relative 

humidity. Also eggs in most modern commercial incubators are turned automatically at 

least eight [8J times daily and at predetermined intervals Frequent turning prevents the 

developing embryo from sticking to the inner membrane of the shell. I., many as 75,000 

eggs may be hatched at one time in most large commercial incubators. The broad range of 

modern incuhators avnilablc can be divided into three (3) major CIa,;Sl~~,. namely: 

(1) Plywood incubator 
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(2) Cardboard incubator 

en Still-nir incubator 

li1CJ . 'dual incubator has an egg tray that holds the fertile eggs some few distances below 

the heat source (Eiectricit) bulb) and above its base as well as hatching unit t!;it produces 

the desired temperature for successful hatching. This heating is regula,cd by means of a 

thermostatic principle, i.e. immediately above the highest temperature, heat supply is cut­

off uut c, nHltically and vice verse. In addition to thl; heating unit and egg tray, the plywood 

incubator has two ventilation holes nears its base through which oxygerl is supplies to the 

egg: lell, while the embryo is developing. 

1.1 CONDITIONS NECESSARY FOR INCUllA TION 

The fundamental conditions required for an incubating sy~:tcm and mode of 

implementation are discussed here. These condition are the puramet'!rs that avails in the 

bosom of the mother hen and implementations are based on result ofre,s.:arches to evolve 

a most efficient system are a reliable embryonic development of an e~g. These parameters 

are 

Temperature 

ii Humidity 

iii Egg turning and positioning 

iv Illumination 

\ Ventilation 

Rt:searc.h findings on these factors and how they affect the developi.1g rggembryo is 

presented. 
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l. 1.1 TEMl'EHATIIRE 

Research tCmperature studies are carried out on how it affects thc (kve\()rmcnt of 

the egg emhryo and how it can be controlled or regulated over the Iwcllly-ollc day 

il1'-'llbaling period. 

FLRI·:.C.ll. [1\ in I H94 drew lip a table showing Jil'li.:n:nl vallie~, "r Illainlaincd 

tcmpcratun:: or an egg against an index of Jevc!orment (relative rate ()r cmbryonic 

deVelopment). This is shown in the table bclu\N. 

Table 1.1 Tcm peraturc agai nsl ipdcx of Jcvclllpm.:nt () f ,111 <:1' V 

I 'l'cnlpe;'~lit~('e-(nl~)--'-T~14-35--T3637-~'f8- -39--r4()--'--j'41 - ! ,12 

Ill1d.,-;;r--· 0.65 o. RO 0.72 0.78 1.00 1.06 L25··l"I:S ,. i I .~R 
I d,-'Yc\npmcllt ' I : 
1 ____ , _,._ .. _ _ I I 

I,n 
1--- . -I 1.46 

I 
I 

It \\'as observed Ii'om the table that therc is an incrcasc in the rale or embryonic 

lk\'dopmenl up to 41 (lCAny temperature exceeding this value cause a cunJition or heat 

rigor and eventual death of the embryo. Also from thc table it can he sccn that the 

temperature I'llI' pcrleet devdopmcnt or el'l1cient hatching is 3H(JC. 

H.t-.\'FREEMAN amI Margaret VINCE in 197410und out that the ort illl dill yield 

. , I' 377° 1'1" .1'('(' 1'02(J(' I l'l'I'1 I ' teli·lp\.Tatur~ IS III Lll:t . l: \V lie 1 IS .I list a ul erence 0 . . to t wt 0 " ~ ~ c. 

Another Duo Lundy in 1969l2] and Davenport in 1984 argued in dil'iCrcnl rarer that for 

~)ptiIl1l11l1 hatdlability. the tI.:mperatlln: oCthe illcubatOl' should be varics I'Iwl is to say. 

the temperature should not be kept constant at 37.H!iC but be varied over !hc ,wcnly-olle 

day in.:ubating period 

4 
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1.1.2 HUMIDITY 

The egg like all Jiving things contains an amount of water. A fertilized egg 

contains 66% of water by weight. The relative humidity of the environment determines 

the rate of water loss from the egg. Successful outcome of incubatioli is highly dependent 

on level and stability of favorable humidity in the incub"tor. An inadequate 

humidification can lead to excessive water loss from the eggs ar,d subsequent embryonic 

death. 

Koch and Steinke in 1944 [3] and Chat lock in 1925 [J eviewed in 1982 by 

Davenport] showed that the humidity outside the incubator was ower than the incubator 

inner chamber humidity. A relative humidity about 70% of environment is found 

tavorable for perfect embryonic development. Also, excess humidity Of too little 

,.isture reduces hatchability, therefore resulting in wet soggy chicks, the latter causing 

:;, line chicks to the shell. 

1.1.3 EGG TURNING AND POSITIONING 

Naturally, the mother turns her eggs around with her beak periodically; the eggs 

need to be turned around periodically, because if the eggs are len on one position, the 

V:)rk will stick to one side of the shell due to gravity. This is noticeable in boiled eggs 

when the yolk is not in the centre of the alb'..lil1en 

LANDANER C. [4] in 1961 proposes that the eggs should be turn{:d N times a daily 

Where 3~ N ~ 24. 

He asserts that adequate turning reduces mortality rate especially between days 5 to 16 

and 19 to 2 t. 

LANDANER. H. [5) in 1967 found out lack of turning or tumine:. in one direction 

only causes a disruption of the clarion, rupture of the blood vessel and twisting of the 

chalazae. This is because when eggs are incubated with the small end upwards, there is an 

5 



increase in embryonic malpositioning (the head is in the smaller end of the egg). This 

leads to a reduction in hatchability. 

An egg is oval in shapc. This necessitates it to be positioned horizontally and thus 

turned on its axis. Also due to the delicate shell, it should be (,.'lfefully turned so that 

disruption of the clarion and / or breakage of the shell, dose not occurs. Pointing or sharp 

edge objects should not be used in turning the eggs to avoid accidental puncturing of the 

egg shell. 

1 .1.4 ILLUMINATION 

The effect of continuous light on the rate of developmer.t apd time of hatching 

was reported in 1962 by SHUTZE and his colleagues [6] and was c;onfirmed by LA YBER 

and SHUTZE (1964) [6]. It was discovered that illumination of li1e eggs throughout 

incubating period advances hatching by about 20 hours (almest II day) Hatching is 

advanced also but to a lesser extent when the incubator is i1lumina~e.:l for a single week. 

Illumination in the first week has alertcr cr...;:;t than i:hc;; second or il-:ird week. 

Siegel et al in 1969 [6 ] discovered that WhCfl the egg are illuminated t1roughout 

incubation, the total incubating period was reduced by as much as 3G hours but wit about 

3/ reduction in hatchability. 

Tennini in 1967 [7] found that continuous exposure of eggs to light leads to 

depres<:ed growth. In another report he put forward along with [OX (Termini and Fox. 

1967) [8] , control experiments were carded out, their findings contradicted that of Siegel 

et al and Shutze. Their experiment, they found hatchability efficiency to be greatly 

r':l~llced in the light and hatching time to be delayed directly contrb.dicting Shutze and 

Siegel. 
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Illuminating the incubator, therefore, has only the advantage ofredJdng the hatching 

time. The primm) aim of the designer is to produce an incubator that wili yield maximum 

hatchability and not minimal incubating period. It could then be logic31 y concluded that 

I:on l i nuous ilium ination is harm ful to the egg fetus based on the above ar gu ment. 

1.1 .5 VENTILATION 

Aeration of incubatcd eggs is another parameter worthy of consideration .Good 

and efficient ventilation of the incubator is necessary since developing egg fetus, like all 

living things respires. 

According to Lundy in 1969 [ 8 ], oxygen content of the air should be about 211 

for maximum hatchability. This percentage content is just about that of normal air, thus 

necessitating the need for fresh air at all times in the incubator. He llso stipulates that a 

carbon-dioxide level above II result in a decrease in both hatchability and growth rate of 

egg. This suggests that used air should continuously he removed as fresher air is supplies 

to the incubator. . 

i .1.6 INSULATION 

The principle of the incubating !iystcm should be based on (le naintenancc of a 

relatively constant and uniform temperature of the egg throughout tht.! :21 days incubating 

period. Hence temperature supplies to the eggs must be conserved ar:d regulated to avoid 

fluctuations of temperature, and to ensured maximum efficiency. Naturally, the mother 

her incubates using the heat of her body and ipsulates with her porous fC..Ithcr. It is 

therefore of utmost importance to lay the framework of the incubat(lr to grand against 

t:nvironmental fluctuations such as temperature, humidity and so on. 

1.1.7 ALARM 

Assume the design capacity of the incubator is about 180 eggs w hose total can be 

about three hundred Nair [#300]. The condition stipulated above has to be guarded 

7 
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against tluctuations so as to ensure maximum hatchability and security of the eggs. 

Electric power is utilized for heating supply. The failure of this or any other means of 

heat supply, without awareness of the incubator attendant can lea,} to loss of heat and 

subsequent death of egg fetus. This argument initiates the need to build an alarm. 

1.2 AIMS / OBJECTIVES 

1. To develop a simple, low cost device aimed at causing the prevailing financial 

difiiculties faced by poultry farmers who intend going into the busint:ss of chick's 

production so as to meet the demand. 

-. To reduces electricity cost which would have otherwise been high. if .';ooling or heating 

systems were left to operate always. 

3. To stimulate the interest of upcoming studenl.s to take l'.p topic, net only in relevant 

field of study [Elect/computer enginecring] but also extending to other ficld. 

4. To improve the efficiency of process that is highly tcmperaturc sensitive . 
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CHAPTER TWO 

LIT1':RATURE REVIEW 

~.l THEORETlCAL BACKGROUND 

The advent of modern day egg incubator has provided prodc1divil)'. sakt)' and 

time reduction, cost reduction and technological advancement to poultt) industry. This 

design project is an improvement on earlier work carried out MRS OLANIPEKUN 

ROEL YN [2003] and MR PAUL R.U. [2003] both of the same Electrical/Computer 

Engineering of the same institution. It is noted that most of the fundamental rcqui rcmcnts 

of the incubation has been implemented by the latest,work of MRS OI.ANIPFKlJN R. 

llnwcvcr rignrnl1s scrutiny or the implementation wen.: carried 0111, tloll:;. till' major wllrk 

done in this project are correction to the lapses fOllnd in slIch il1lpl(!mcntatioll. and 

subsequent construction of the new modified operations as based (·n t:1C fundamental 

require nellts stat cd abovc. 

This chapter gives the complete description of the various cl:mcnts or modules 

used in the design of the egg incubator. The theorctical background d' each eicment is 

~xln:ml..'ly dealt with. The block diagram cf ~l: :::;g III~llt)(.~or IS shown i,l i:gurl: 2.1 

helo\\'. 
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B 
A 

I • c 
J 

Figure 2.1: Block Diagram of an Egg Incubator Circuit. 

i\-po\\'~r Sllppl), unit 

B-sl:nsor lin it 

C-voltage comparator op-Amp unit 

D- Relay unit 

E-s\'. i . ..;i1ing unit 

F-Heat unit 

(;-Alal111 unit 

'"I '"I PO\VER SUPPLY UNIT 

41 

The power supply unit is the house of the entire circuit of the egg incubator. Its 

l1utput voltage (usually after rectification) is fed into the egg incubator and subsequently 

convcrted into heat encrgy. This is achieved whcn the temperature S~\1SIJr unit (thermostat 

bridge) 01' receiving heat induced by the IOOW turning system filar.lent ekctric bulb. the 

thCl1l1l)stat [a trnnsdllccrJ. converts the heat into voltage signal that .1ri\ t:s tilt: c()mparator 

unit meant to compare the voltage at the i\1\1crt;.;; :''1~1 ilOn-invcrtil,g il'lo with rt:spect to 

the reference voltage obtained by adjusting the Variable resistor ortlle comparator unit. 

10 
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Majority of electronic circuit uses direct current rDq supply f·)[, operation and the 

~l1Y~rt lOll or AC' supply to DC CUll be achieved through the f'nll,y,ving laid down 

pmcedure. 

2.2.1 TRANSFORMER STAGE 

The transformer steps down the domcstic AC supply of abuut 2t1()VrtllS to the 

required voltage suitable luI' electronic devices. It consist of two cio~;ely couple. coil 

identified as the primary rVpl appear at the secondary [Vs] as II voltage multiplication 

inversely proportional to the turns ratio[k). 

~I--'--I --.. 
Vs 

Fig 2.2 Diagram ofa Transformer 

Thl.! tran~foriller is a step-down type 

K=voltage transfonner ratio 

Vs=voltage supplied at the secondary coil 

VP=\,oltagc supplied at the primary coil 

Ns==Nulllber of turns in the secondary coil 

Np=Numbcr of turns in the primary coil 

II 



2.2.2 RECTIFICATION 

The term rectification is defined as ihe iJrv .. css oi' cnanging puk:ling A(' v(Jltagt: to 

DC \'oltage by eliminating the negative half cycle or the alternating .. This is nllc of the 

simplest and most important applications of diodes. The simplest circuit of a redilicr is 

shown in figure 2.4 below. The AC symbol rcpresents source of AC voltage, in electronic 

c ~ 1, Ults, it is usually provided by the transformer, power from the AC power I inc. There 

; rc maiply three (3) types of rectifier circuit: 

(I) Halt:'wavc rectifier circuit 

(2) Full-wave rectitier circuit 

0) Full-wave bridge circuit 

01 

fig 2.3a lIalfWave Rectifier 

R1 

02 

R2 

Fig 2.3b Full Wave Reclil':n 

Fig 2.Jc Full Wave DriJge Re~(it'icr 

In figure 2.4a, the circuit is called a half-wave rectifier because only half' of the input 

wave fnrm is used while figure 2.4b (full wave rectifier) the whole input wave /(mn is 

used. [':1C complete circuit diagram of a full wave bridge rectifier circuit is slli:wll in 

figure 2Ad. It is connected to 240v, 50Hz mains. 

12 



Fig 2.3d Compkte Cirl'uit Diagram of a Full Wav'~ Bridge Rectifier 

2.2.3 FILTERING AND SMOOTHlNG 

. The main function of a fil~er ;~ tv maXillltLc the rirplr.:;,:;( tHcn! or tht: full 

wave bridge rectifier output. Efficil:l1t filtering can be a(hicvcd by llsing 

electrolytic capacitors. The input and output wave form of the filtcl'lng circlIit is 

~hown in tigmc 2.4 

Fig. 2.4 Diagram of a Filter Function 

2.1.4 VOLTAGE REGULATION 

FILTER 1 
CIRCUIT J - ... 

I Filtered DC 

This stage is normally employed to eliminate excess voi.agc in the cntirc 

circuit and regulate it with spccitied power distribution wi;!lin .hc illcubator i~ 

shown ill fig.ure 2.5 below 

13 



Heating 

Element 

AC Mains 

Power Supply 

1 

Tramsformerl 

Rectification 

Figure 2.5: hllll.:k diagram lli'pnwcr distribution in ill~lIbatllr 

~.-' TRANSDUCER [Tcmperature Sensor Unit) 

r~-'--]' L Baue
"! 

r-'--

~J 

With tht.: lk"cloplllt.:nt or l:OIlVClltiOllul air ht.:uting 01' the ilH.'ul>alillg l:llalllbl:I', the 

precise attainment of J 7"C cannot be easily achieved because of devil:e and 

t.:nvironmental variation; ht.:nce control of this air temperature ca.l b~ monitored. The 

- rt.:ct.:llt vast inl:rc.1se in the development and ~!se of electronic. measuring systems, 

instrul1lentati\.l1~ "'Sill! ,rs find it necessary to device :l more efficient way l,r controlling 

this temperature variation and this is achicved e1cctrically by utilizing an electronic sensor 

and :III output tmnsdut.:er tl) the hCllting cleviet.:. 

Considering the role or function of the thermostat as a sensor, it is a semi conductor 

device that exhibits a negative coefficient of resistance with tempera,lIre typically ill the 

neighborhood of -4%c. They arc available in al sorts of packages, riLlging from liny glass 

bead~ (0 armored probes Thermostat intended for accurate temperature m(~asllrc!nent 

typically have a resistance of few thousand ohms at room tempcntllrc. Their large 

coefficient of resistance change makes them easy to lise, and they £irt.: inexpensive and 
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stuhk. they nrc good choicc I'n\" tcmpcrnlurc me(ISlIrcmcnl and control ill the range of -

50'·~ to +3000 C. The circuit representation is shown 

R2r 
Vout 

RQut 
R\\ R2 

Fig 2.6 Circuit Diagram of aTrnnsduccr 

~A TEMPERATURE/HEAT SOURCE [ELECTRIC BULBJ 

Light is a form of cnergy, an electromagnetic radiation whose wavelellgth i.~ 

bctm:Cll approximately 100 and 200m. By strict definition only visible light can be 

considcred as light and inti'a rcd or ultraviolet light is then termed radiati( n. '1'1)(: electric 

bulb is a resistive component that dissipates energy in the form of heat \Vb ich is it lIsed to 

warm the eggs in thc incubator at a steady temperaturc betwecn 99°1-" <Inti i 031) F 

2.5 VOLTAGE COMPARATOR OP- AMP UNIT 

\',)Itagc compurutor as thc \lalllC implics, is a circuit thut COlllpal'C tile Itwgllituue of 

the two analogue signals (usually voltage) between the invcl1ing and llol1-invcrting logic 

l)lItPllt. It is similar tn a differcntial amplifier opcrating in 1m open 1001' Illoue .llowcyer. 

because of high gain; the output is normally saturatcd in cither hibh or low state 

depending upon the relative amplitude of the two input voltages. With this condition, the 

cOl'lpamtive provides a logic state output whieh is indicative of the amplitude relationship 
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bdwecn two analogue signals. The circuit represcntation of a cOl11parat( 'r is sh()wn 111 

tigurc ~.<) below. 

2 7 
R 

"i- 6 
Vv-

3 
4 

Zd 

Fig 1.7 l\)lllparator Cir.;uit 

2.6 SWITCHING UNIT 

The switching circuit interfaces the entire system with the heat source inside thc 

mcuhator Without this module the aim oflhis project (hatching or !htilc c:~g into chicks) 

will not be achieved the comparator output voltage cnergizes the switching circuit 

through a parallel combination of resistors. The s~itching circuits rq,ulatc thc hcat 

, 
supply insiJc the incubator. 

elay 

R1 

R2 

Figure 2.8: switching circuit of the egg incubator 

16 



CHAPTER THREE 

DESIGN ANALYSIS 

The invention of egg incubator has provides the pOll Ill)' filfll1l:rS high 

productivity, lesser time, cost reduction, low risk bearing sal~l y in the production of 

poultry chicks. The chapter explains the elcctrical/elcctrol\k operations 01" the in 

incuhating systcm. The electrical aspect deals with electrical ;)ower supply to the 

system electronic circuitry, the hearty element and the lighting bl'lb. 

The electronic aspect explains how: control of various simulated factors and 

pnrum~ters ofincuhntillg system. It also explains the dcvclopment and implantation or 

thc alarm circuitry. 

3.1 POWER SUPPLY 

Power supply to the incubating system consists of 3 types: 

ti) a 240v. 50 Hz AC single phase supply 

(ii) a 12v DC regulatcd supply 

(iii)a 9v battery supply. 

, he 240v, 50Hz Ac single is tapped from the mains by a plug/ so..:i(ct fixturc. The 

plug is connected to a cable connector via a 3-corre PVC shcctcd PVC insulated 

cable. It is from the connector that the 100 watts heating ekmcnt (electric hulh) 

derived their power through a relay switch. Also an internal 'ighting bulh is powered 
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via a mUltiple pin spring loaded 2A 240v door switch. Finally, a 240m v 20V;\ stcr-

down transformer also receives 240v, 50Hz single phase supply fn'lll the mains 

This transtl)nnCr steps the 240v ;\c down to a 12V (peak Voltage) ;\ hack- up 

Qv battery is installed to supply the alarm circuit when there is ;l1ains I~lilure. This is 

connected to the alarm circuit via the mains switch. 

-The block diagram of electric power distribution within the incubator is 

shown in figure 3.1 

AC Mains 

Power 

Supply 

I 9V Battery] -----1---
12V [; 

240 Mains 

~ .J 
on Heating I Transformerl t---Illuminati 

C ~egulated 

J 
Electronic 

Bulb Element I Rectification Control/Alarm 

circuit 

Fig .1.1 bloc"- diagram ol'powcr supply distribution in incubator 
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_,.~ 'RECTIFICATI IN \ FILTERING 

The term recti fication is defined as the process of changing pulsating Ac 

voltage into Dc voltage by eliminating the negative hall' cy.;1e ur tile altl:rnalil1~ 

voltage. This project adopts the use of an integrated circuit (Ie) I'ull wave bridge 

rectifier. 

The output or the bridge rectifier is fcd across a IO!)(l,lf, 25v electrolytic 

capacitor for filtration and smoothening to maximize the ripple content at the full 

wave bridge rectifier output. The low ripple 12v de is fed to a 12\1 vullage regulator 

Ie' (LS 7812). This is necessary since the mains voltage tluctu11.es and arlCcls the 

bridge rectifier output. A led indicator stage is applied across th~ full wave hridge 

rectifier to indicate wi en there is 110\\I\;:r :'llpply trom the nl(1ins. 'h: regulated 12v de 

nut put fceds the electronic network. 

The diagram oCthe rectification and regulated 12v dc supply network i<; shown in 

figure 3.2. 

81 

--/' 0-0 ----,., ., ., ., ., 
--------" 

IC1 02 IC2 

LS7£~JT +ve 

C1 2 12V DC 

Regulated 

L-_____ "--____ ---''--__ ~ ____ . -----~ OV 

lig 3.2: I:!\, lk I'.:gulal.:u PI)\\'':!' supp Ly circuit J.:sigll 
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CALCULATION (LED INDICATOR STAGE) 

IfWl! assume a 12v de output from the bridge rectifier, 

Than for the led indicator stage 

Vee = ld R \ + V 0 ----- -- ---- -- 1 

Typical values of the led (green) arc Vo = 2.2v at 1,,=20111/\ 

R\ = 12-2.2 

20 x 10-3 

i.c. R I = 490'0 

Preferred value of resistor R\ = 470. The chosen value ofcapac. 1an;;c can't be equal 

or greatel' than I 000 ~lr but with a voltage rating grater than tWICG the applicd voltage 

DESING SPECIFICATION 

• Double pole single throw ON / OFF switch. SI 240V, 3a 

• Step down translt)f\ller. T 240v 1l2v ,20 VA 

• Resistor R\ .470 'n 

20 
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• LED (green) , Dl 

• Electrolytic capacitor, C 1 1000 Ilf, 25v 

• Full- wnve bridge reclifier Ie, ,25v 

• ':V voltage regulator, 1('2 LS 7812 

3.3 TEMPERATURE REGULATION 

With the development of conventional air heating of the inC1I0ating chamber, the 

. . t I' 37 (lC pr~clse uttulllll1en 0 cannot be easily achieved because or lhl: (.kvice and 

"ironment variation hence control of this our temperature can bc nlGnilorcd will not he 

l . .lctieable and result to inefficiency. 

In this project, the feedback of air temperature is achieved dcctronically by 

lItilizing an electronic sensor and an output transducer to the heating device. 

3.31 TEMPERTURE SENSORS 

There arc many types of temperature sensors .The principles is bas::u on utililing the 

properties of materials which responds to temperature changes. 

• 1\1crcury - in -glass thermometer is the most common or teml'craturc sensors. 

known to man. The sensitivity of this type of thermometer is very hlJh and can be 

increased depending on the precision technology lIseu in manul:lctun.:. 

Another type is a resistance - temperature detcct(lr (RTf) 

It is essentially a length of wire wound on a bobbin und how;cd in il rrotcctive 

sleeve 



A cheaper method of temperature sensing is provided by the thermistor. It is a 

thermally sensitive semiconductor resistor formcd from oxide~; or metals sLich a." 

cobalt. manganese. There arc of two (2) types; 

(') Positive tempcrature coerticient (PTC) 

(2) Negative temperature coeflicient (NTC) 

In this project, a Negative temperature coefficient (NTC) thennislO:' i~ utilized because 

uf availability, sensitivity, stability and range of tempcraturc. 

3.32 REGULATION / CONTROL CIRCUIT 

The temperature regulationl control circuit consist of three (3, sllgcs - a dil'krcncc 

bridge, ~\ simple comparator circuit and a relay ;:!rn:it. It is ShOW;l in figtilC 3.2 belm\'/ 

The dilTerenee bridge utilizes voltage divider nctwork rr,ade up of resistors 

R2, R3 and R4 .Resistors RJ lmdRJ presents a constant reference vultage Lref of (R.,/R] 

+R.j) x Vcc to the inverting input, pin 2 of the comparator stage. The other arm made 

of resistors R2 and thermistor resistance Rt present a varying voltage, E, or (RtIR 2·j Rt) x 

Vs to the non inverting input, pin 3. The comparator circllit consists or a 741 op- AMP 

The output of the comparator is connected to a transistor - rclay s\\·itch. The transistor 

- rday switch is made or resistor biasing network, u PNI' TRANSiST<)({ (1\(' 212L) 

with a 'relay connected to its collector aml to ground. Thl: feedback thermistor 

resistance, Rt with Negative temperature cocflicient (N .T.C) ha~. Rt 1.51\ :-- R4 at 

room temperature. Thus EreI' > Ei and the comparator stage is driven to Negative 

saturation, 0 volts. The transistor rclay IS driven 'ON' alld the relay becomes 
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energizcd thus powering the heating element. The heating increases the tClllperaturl! or 

the air and the teedback resistance decreases until Rt:::: R4 .At tillS point, 1':101 ~>EI and the 

comparator output is driven to positive saturation, 13 volts. The tralisistor is driven to 

ClIt- 011 the relay coil becomes de- energized thereby cUlling otT supply 10 the healing 

element. 

240V 50Hz .. ------, 
------..... Vee 

R2 . R3 
6 

E 

Rt R4 

~---------~ 

Figure 3.3 temperature control circuit 

DESIGN CALCULATION 

Thermistor resistance, Rt (37°C) = 1.006k 

Reference voltage Eref= R4 xVcc 
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Choosing R3 = R\ ce' 22 K.o Ercf"" 22 KO x 12.'1 

22 +22 

For the switching circuit, R6 = 2.2K, Rs = 4.7K 

RL = 400 when Vi = I2v, the transistor b bit,s slich that VB = 0 

This is adequate to cut -off i.e Vcc =\?v 

Vo=OV 

DESIGN SPECIFICATION 

Resistor R3 = R4 = 220 

Valiable resistor R2 == 1 K n 

Resistor R5 = 4.7 Kn 

Relay RL 1 == 400.0 12v 

Diode 03 = IN 4001 

Transistor, Q 1 = Be 21 2L PNP 

24 



THEMISTOR Re 

Rc (25 "C) = 1.5 k + 10%, power dissipation =250 MW 

Operating temperature range, -40°C to I 10°C 

3.4 MAINS FAILURE ALARM 

The mains f~lilure alarm was implemented by the usc oran integrated circuit 

"LM 358). The circuit consist of a time delay,an oscillator and driver clircliit. 

3.4.1 TIME DELAY CIRCUIT 

The time delay goes high after a certain period of time to stop the oscillator.lt i~ 

basically a comparator with a reference voltage at the negative terminaL Since RH /{(), the 

voltage at the negative terminal is 1/2Vcc which is supplied by the batt.~ry 

;\s the battery switches ON, the C:lpacitor b charged through R 7 Thus the voltage V 1 

increases until it is greater than V 2 here by its output goes high. In this l,igh state, the 

l1scillator is inhibited because y'3 is kept constant as a result OUIl; lil'st comparator's 

output voltage. The diode 0 4 prevents any reverse voltage from the oscillator to thc 

time delay. The charging voltage is given by 

wher,! t=delay time 
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when VI> V 2,the output is high 

i.e Vcc( I - e·lIR7C3
) > V;. = 1/2Vcc 

Vcc(1 - e-lIR7C3) > 1/2Vcc 

_ e-VR7C3 > -1/2 

taking In or both sides 

-t/R 7C3 < loge() 12) 

-1 < ··0.693R7C3 

choosing R7 = 22K, C3 = IOOOF 

t = 0.693 x 22 x 103 
X 1000 x IO-h 

t = 0.693 x 22 x 1000 x 10-3 

t = 15.24Gscc = 15scc 

The limc delay circuit is shoen in the figllre bdnw 
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R7 R8 

To OsCill<:lor 

R9 

Fig. 3.5 Time delay Circuit 

3.4.2 OSCILLATOR CIRCUIT 

Th~ osillator circuit is also a comparator circuit, the charging anu di~;chargillg or 

capacitor C3 gives rise to oscillation. When the battery is switch ON. the oscilfa'tur 

::.tarts :)scillating, switching the buzzer through the driver, after a Lela)' time(t). a high 

voltage value is introduced at V 3 thus prevent the charging and di:;ch:1rging process 

of the oscillator. The period ofoscillntion is given by 

T = 2R12C41n(2 + RIO/H.lI) 

choosing RIO = RII ""IOK'O. 

R ! 2 = 47KIl. C4 == I O~l F 

T = 2 x 47 X 103 x 10 x 1O,61n(2 + J OOOClli 00(0) 
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T=2x47x lOx 10-3In(3) 

T == 1.033sec = I sec 

The osillalor circlilt diagram is shown belm" 

vee 
(4 R12 r 

lUi 

RIO 

Fig. 3.6 Oscillator Circuit 
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! IC1 - - --- - - - -l 
I . _____ u____ ~ I IC2 I 
i ~' : I I . 'S 70.1') '\ I ' --1---l I ! I i ',----1 I I ~ .~,~ > ~ 

~I I '.' I' I 

--;{"c-g. i A : I I ~R1 I I R2f'--~R3 I I 

'LV R.1f-J: '~ f~ 
50 Hz I '4 

I 

: I Rt , __________ J 4 

D'f o 

HEATING ELEMENT (ELECTRIC BULB) 

Fig. 3.7 COMPLETE CIRCUIT DIAGRAM OF AN EGG INCUBATOR 
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10n4~ 
~~ 

..-------" 9v battery 

; RL2 

V1 
+ 

c31 

----------- --J 
R12 . 

R8~ I· ~ j 2 BC547 

v21 ~ 04 I I' :~ .~ /J -
I I L-fQ3 BC557 

C4+ 
-r R101 I R11 ..., 

Delay -L ./ '--- --y-
Oscillator 

~ 
Driver 

Fig 3.8 CIRCUIT DIAGRAM OF MAINS FAILURE ALARM 
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Table 3.1 Bill ofQuantily and Cost l:.slimalc 

SINl----------SjN Description 
: of items 

___ 0- ----"-_._._----
I Resistors 

2 _Capac~~ors __ --
3 Full-wave 

rectifier IC -
4 LEOS 
5 Diodes 

6 Operational 

r----- Amplifier IC 
"1 Voltage 

Regulator 

8 IC Socket 

9 Thermistor 

10 12V Relay 

11 Transistors ----------
12 Connecting 

wires -.-----.. - . 
13 Switch 

1--- ----
14 9V Battery 

- --.--.. --_._--_._-. ----.---

Quantity Unit Rate 
N: ~ 

-.--- .•... -----------
20 10.00 

10 70.00 
-.-~----.-------

1 30.00 

.P--- _~ ______ 

3 10.00 
15 5.00 -----
5 20.00 

-------
1 70.00 

3 L.5.00 . . -----
1 200.00 

3 80.00 -----
5 20.00 

-. ---.-.. - .. ----. 
2 30.00 

. ---.-.-- _>o ___ .~ ___ ._. __ • __ 

1 1'0.00 
.. - --.-----------

2 80.00 

Total 
Amou nt 
N:K 

-"." "-

200.0 
.. -. o 
o 700.0 -_ .....• 

30.00 

-----.---.-
30.00 

-
75.00 --I 
~.---

100.0C ) I 
I 

_. ____ 0 ·_·1 

70.00 ! 
I 

--
75.00 --- . 

2 00.0 
_ .. __ .j 

o , 
240.0C -.--
1.00.0(' -----._.-._-
60.00 

- .'--.- .. 

70.00 --_._ .... -.. ---
160.0C. 

--·1 
I 

i 
! 
1 

.... I 

I 
15 _. Ba~e!Lcap __ . 1 50.00 50.00 --_._- .- -----.-.--_._-----.- --'- -. I 16 12V Buzzer 1 200.00 
"------ -------_ ... .-._.' .- - --------
17 Heating 1 50.00 

element Bulb 
----

18 Electrical X5mm 30.00 
cable 
(1mm] 

------"- -----
19 Vero Board 1 50.00 

20 Bread Board 1 350.0n --~- ---- '-J ~.----.- ._- -- ... -.. 
21 240/24V 1 200.00 

Transformer 

22 Soldering 2 30.00 
lead -- __ J._,"-_,_,,_ 

23 Soldering 1 150.00 
Iron ------

24 Circulating 1 200.00 
fan -. ~'---' - .. -.~.-.. -----~-.- ---_._-- . -~. - . .. ~. _. '., .. -

25 Casing 
----

26 Material 
cost Sub-
total(ST1) 

-----
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20D.OC 
50.00 

1-----
150.0C 

--I 

--_ ... -.--- - . 

50.00 

350.00 
---- I 200.00 i 

--J 
60.00 

----_ ..... _-_ ... 
150.00 

--_._---- -
200.00 

2000 
--~-

5570.(; o 

-. 

j 
I 

__ . J 

I 
1 



27 Transport of 
material, 

5% of ST1 

28 Sub-totall 
(5T2) 

29 labour,30% 
of ST2 --- --~----.----------

30 Sub-toto I) 
(ST3) 

31 Over head, 
5% of ST1 .. 

32 Sub-total4 
(5T4) _L- 1 

33 Profit 10% 

of ST4 

34 Sub-total 

--- (5T5 ) ___ --
35 Contingen 

cy, 5% of 

r---·· STs 

36 Tot 11 cost 

of project --... -~ .. -.--.. --'-. 
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----_._.j 
2078.50 i 

I 

5848.5f) 

1754.5:; I 
------.- -7'Goi6~~'1 

I 

--

----.---.-.. --.... - '.1 
380.15 

--- .. ------ -.... -....... -.. -·'-1 
7983.2G: I 

.--

798.32 

." 

8781.5 
j 

-- ----.. ----.-.1 
439.08 I 

i ------1 

9220.6 [) I 

----.- -------.. -~- -'-'-- . -



CHAPTER FOUR 

CONSTRUCTION AND TESTING 

4.1 CONSTRUCTION 

The most important requisite for the development and manufacture of l:ompetitivc 

products is the selection of the optimum combination of materials and process for the 

differel, component of the incubator project 

In the hard ware construction, the overall system was broken down into modules 

for easy construction, testing and trouble shooting. Namely 

Power supply unit 

Voltage divider 

Voltage comparator unit 

Switching unit 

Heating source unit (Electric Buil,) 

Plywood lncubator. 

MODULE I: POWER SUPPLY UNIT 

This module was built with a full-wave bridge rectifier integrated circuit as the 

first component on the Vero board. The bridge rectifier has four term inals denoted by the 

followinb symbol + - - such that the positive (+ve) terminal was cor.n,~cted to the supply 

line, Vee, while the terminal with the Negative symbol (-ve) was conilccted to the ground, 

that is zero volt line. Meanwhile two centre terminal denoted by the symbol - was 

connected to the transformer output I secondary. Similarly, the capaeilor (lOOOJ.!f) was 

connected across the rectifier output as a filter consequently a voltage ff!gulator (7812A) 

with its pin configuration identified was also connected across the re,dting DC output to 

regulate the voltage. In order to reduce high voltage spike, anothe capacitor (2200J.d) 
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was connected across the regulator's output. With the transformer terminals 

identification, the primary was connected to the main supply (240vrms) and the 

secondary was connected to the circuit through the bridge rectificr. 

MODULE 2: VOLTAGE DIVIDER UNIT 

his module was built on the varo board immediately after the powcr '\upply unit. 

It compl i~es of resistors R2, R3, R4 and s thermistor with R3 and R4 presenting a 

constapt reference voltage and variable resistor R2 and thermistor resistance Rt present a 

varying voltage to be compared. The thermistor senses the temperature / heat generated 

by the heat source (electric bulb) and transducers to voltage signal. It has two terminals 

.-;,;ith one connected to the ground and the other connected to the supply line through a 

resistor, a voltage C Ivider network result. The thermistor was molted about 3-- 5cm away 

from the heat source without any electrical contact between them. 

MODULE 3: VOLTAGE COMPARATOR UNIT 

This module comprises of UA741C IC (integrated circuit) and a negative 

feCdback resistor. The 741 IC was mounted on an IC socket soldered on fhc Vero board 

utter identifying various pin configurations; the Ie output pin was connected through a 

voltage iivider network to the switching circuit. Meanwhile, the ;nvcrting and nOli-

inverting input was connected to the voltage divider network (made up by the thermistor 

and the resistor) as well as the reference voltage. the resistor that stahi~izes the output 

voltage require to drive the switch circuit on the non - inverting input, a variab!e resistor 

was connected to it through a combine resIstors meant to hold the ri!felC:1Ce voltage at the 

desired voltage value so as to trigger the switching circuit 

MODULE 4: SWITCHING UNIT 

This modulc comprises a rclay and a transistor. With the aid of digitni rnultimctcr. 

the emitter, base and collector of the transistor was identified, hence sGldered on the Vero 
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board this was accomplish with the identification of the relay pin cor.figuration as N/O 

(Normally closed) and the rclay coil was also checked to cnsurc efficient switching of the 

relay. And across the relay coil terminal, a diode (frce - wheeling diode) was also 

connected in order to eliminate the sparking of the relay coil as avoiding Jack emf, which 

may be induce when the relay turns OFF. 

MODULE 5: HEATING UNIT 

This module constitutes a 100 watt electric bulb meant to induce heat inside the 

incubator thus causing the fertile eggs to hatch into chicks. At the .,et temperature, the 

electric bulb goes OFF and comes ON automatically and this was achilwf'd with the aid of 

, "witching unit, thus the temperature of the entire system is regulatd. 

MODULE 6; PLYWOOD INCUBATOR 

This module was constructed with the following materials 

1. Plywood 

2. Glass 

3. en!...\! pan 

4. re mesh 

5. Measuring tape 

6. Nails 

7. Hack saw 

8. Sand paper 

I) Evostic gum 

With the aid of the hack saw and measuriug tape, the required length, J,rca'th and width 

of the incubator was cut accordingly. 
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CONSTRUCTION STEPS 

./ Using the measuring tape, measure the plywood to the required dimensions: 

height (16 inch), width (20 inch) and sawed with hacksaw . 

./ .I ssemble the plywood to form a rectangular shape . 

./ With the aid of the hammer and nail, join the assembled shapp. abovc in order to 

form a rigid structure . 

./ Haven form the rigid structure, using nails, two small piece of plywood (2mm 

thiek diameter) and a hammer, fix the height peak and 5 inch% above the base of 

the height. This should be done on both side of the rigid strudurc (inside) . 

./ Using the measuring tape, the required dimension of the egg tray was also 

measured. sawed and assembled . 

./ To the assembled tray frame above, wire gauze was fixed perma1cntly using nails 

at it's base, to form the egg tray 

./ The egg tray above was then placed in the egg - tray holder constructed inside the 

rigid structure above thus, the plywood incubator assumed th~: r(,quired shape. 

",' The glass after being measured to the required size, a cutting flu;d (kerosene) was 

then applied on the markcd pout to weaKcn thc cohesive IJaturc (r the glass 

molecules . 

./ With slight pressure applied on the diamond cutter placed on the weakencd spot of 

the glass. the cutter was hen dragged gently removing the unwanted part. 

./ The glass was thl.:l1 fixed 011 the assembled shape above thus u complcte plywood 

i;'1\;Uoatoi was constructed 
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4.2 TESTING OF CONSTRUCTION 

After the completion of the construction, a careful hardware test of the completed 

circuits was carried out as follows: 

STEP I: Continuity of copper wire used in the constructiOlI \~fing digital multi-

meter 

STEP 2: A digital multi.,meter was aiso used to ascertain the absence of short-

circuit between the supply line (+ve) and the ground (-ve) 

STEP 3: Polarity of the power supply output was tested using ad igital m ulti-

meter to ensure adeqllate link to the incubator circuit as well as the identification of the 

reverse bias and forward bias of the diode use in the construction pmccss. 

STEP 4: The output voltage of the transformer (secondary output vo ltagc) was 

observed and measure to be 12 V dc as required. 

STEP 5' The variable resistor was set so that the relay turn switches ON and 

OFF, hence the heat source. By bringing the electric bulb closer to the thermistor after a 

few scr . .'nds the bulb turn OFF thus indicating that the set temperature of the incubator 

has been attained, and then switches ON after a few seconds thereby maintaining a steady 

temperature within the incubator. 
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CHAPTER FIVE 

RECOMMENDATION AND CONCLU:~ION 

5.1. CONCLUSION 

The motive and objective of the project was realized as observed testing and 

operation proving that an "Egg incubator" can be constructed from t,he basic thermostatic 

principle, by the use of comparator circuit, switching circuit, voltage dIvider circuit. The 

low operating voltage. 12V de and low power consumption of the system allows for low 

t, Iperature [99°F to 103°F] of the incubak)r, longer life, better maint~nance, low overall 

cost in construction and operation thus resulting in high reliability of:he system in egg 

hatching to produce chicks. 

The egg tray design has made it p05siblc to increase fron illcubating capacity 

of 40 eggs to about 90 eggs. This is as a result of etlicient use of Spl\~(:, 

The electronic control circuitry has been modi~l~d for improving 

func)nalities and economic value. The logic of the main:; failwf! alarm is greatly 

effective. 

More so, an increased incubating capacity is a right step in the right direction 

in increasing the population of poultry birds and eggs with subsequent incrcase in our 

protein nutrition intake. 

5.2 ~ECOMMENDATlON 

The project experience has put to test my previously acquired k'1owledge on a wide 

range of subject matter and related topics, with these expcrience~, my desire as on 

Electrical and computer Engineer is to fully integrate the discipline into other field such 

as medical sciences, Agricultural sciences as well as other engineering, rrofession. 
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For effective production. it is recommended that materials sele.:led for application in 

each unit of the incubator be of light weight and also have optimal p:!rformance valuc. 

Although this dcsign is for a poultry incubator, the basic features 0 r rcgu lated air 

temperature, il15ulution and humidity control CUll be extended to dev~bpinl~ lNr ANT 

INCUBATORS. Difference in design feature will lie in the monitorirlg and regu lation of 

air composition used in incubating. 

Further more. up coming students should try in their endeavors to incorporate 

temperature digital readout so as to ensure the digital display of the incubator 

temperature. 
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