
". 

DESIGN AND CONSTRUCTION OF AN 

ELECTRONIC. THERMOSTATIC 

CONTROL 

FOR HEATING SYSTEMS 

BY 

OBANOVWE GLORY 

90/1665 

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 

SCHOOL OF ENGINEERING AND ENGINEERING TECHNOLOGY, 

FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA 

NIGER STATE~ NIGERIA. 

A PROJECT REPORT SUBMITfED IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE AWARD OF BACHELOR OF 

ENGINEERING DEGREE IN ELECTRICAL/COMPUTER 

ENGINEERING (B.ENG.) 

. FEBRUARY, 1998 



DECLARATION 

I OBANOVWE GLORY hereby declare that this project is an 

original concept which was totally designed, modelled and 

constructed by me under the supervision and guidance of my 

Shehu Ahmed. 

STUDENT DATE 

"." j 

i 

/ 

i 



CERTIFICATION 

This is to certify that this project "Electronic 

thermostatic control for heating systems" was designed and 

constructed by OBANOVWE GLORY for the partial fulfillment of 

the award of bachelor degree in Electrical/ Computer 

Engineering. 

ENGR. SHEHU AHMED 

PROJECT SUPERVISOR 

PROF. S.O AJOSE 

EXTERNAL EXAMINER 

ii 

DATE 

DATE 

DATE 



DEDICATION 

This project is dedicated to Almighty God, my beloved 

mother Mrs Roseline Obanovwe and my late father Mr. Joseph 

Obanovwe. 

iii 



ACKNOWLEDGEMENT 

My humble and honest gratitude goes to Almighty God, his 

son Jesus Christ for his divine provisions, protection and 

guidance throughout the course of my study. 

Special thanks goes to my'supervisor Engr. Shehu Ahmed, 

for his tireless assistance, constructive advice, 

encouragements, time spent and his guidance. My thanks also 

goes to my lecturers and Chairman of department of 

Electrical/Computer Engineering, Professor S.O. Ajose. I also 

want to thank my lecturers'Engr. A. Adediran, Engr. Jubril S. 

Mohammed, Engr. R.umala and to late Engr. L.S. Moses (may his 

soul rest in peace). For the~.r tireless efforts and love for 

me and above all for the encouragement given to me duri.ng the 

course of my training. 

Words are not just enouS~l :':0 say thanks to my prEstigious 

mother MRS ROSELINE OBANOV~m, who single handedly bore the 

bulk of my financial and morc~l responsibilities. 

I wish to express my deep appreciation and gratitude to 

my brothers, sisters, annes and cousins, Mr. Akpobome 

Obanovwe, Erhire Obanovwe, Mis.s Tivere Obanovwe, Miss Bluff 

Akpeyi, Mr Kingsley ~ba for giving me the support and love 

throughout my academic career. 

Finally, special thanks also goes to my friends Mr Lucky 

Omorogie, Lucky Oboh, Gordons Atugbe, Happy Ojariafe, Ernest 

Idjere, Charles Odiase and DO~li lsimoya for their support and 

encouragement given to me 0'-~"::.!1'::r -che course of my stl:dy. 

iv 



TABLE OF CONTENT 

TITLE PAGE 

DECLARATION ........•.................••....•.•.•....•.. .' i 

CERTIFICATION ........................................... ii 

DEDICATION .........••..................•....•.•......... iii 

ACKN"OWLEDGEMENT .............. _ .......................... i.v 

TABLE OF CONTENT........... .. .. ....•..•........•....... v 

ABS'I'R.ACT . . . . . . . . . . . . . . . . . . . .. ... _ . . . . . . . . . . . . . . . . . . . . . . . 'Ti 

CHAPTER ONE 

GENERAL INTRODUCTION ..................................... 1 

1 . 1 INTRODUCTION ......................................... 1 

1 .2 LITERATURE SURVEy ..................................... 3 

1.3 MOTIVATION AND OBJECTIVES ............................ 4 

1 . 4 PROJECT LAYOUT ....................................... 5 

CHAPTER TWO 

DESCRIPTION OF DESIGN ...................................• 6 

2.1 DESIGN CRITERIA ................................... : .. 6 

2.2 THE TRANSDUCER UNIT .................................. 7 

2.2.1 THE HEAT (TEMPERATURE) SENSOR ...................... 7 

2.3 THE VOLTAGE COMPARATOR u:-:·.:i..t .........••............... 8 

2 . 4 THE SWITCHING UNIT ................................... 10 

CHAPTER THREE 

GENERAL DESIGN ANALYSIS ............... : .... ~ ............. 11 

3 . 1 THE THERMOCOUPLE ..................................... 11 

3.2 OP. AMP. AS A VOLTAGE AMPLIFIER ...................... 13 . 
3.3 OP. AMP. AS A VOLTAGE CO[\iPARATOR ..................... 16 

3.4 TRANSISTOR AMPLI~IER ................................. 19 

3.5 RELAY SWITCH ......................................... 21 

3 . 6 THE POWER SUPPLy ......•........•..................... 23 

3 . 6 . 1 TRANSFORMER ...... _ . _ . ___ ....•. _ . ___ .... _ ........... 24 

·v 



3.6.2 BRIDGE RECTIFIER ................................... 26 . 
3 .6.3 FILTER CIRCUIT ..................................... 28 

3 .6.4 VOLTAGE REGULATOR .................................. 31 

3.7 THE CIRCUIT MODE OF OPERATION ........................ 35 

CHAPTER FOUR 

CONSTRUCTION, MEASUREMENT ~ID TESTING .................... 37 

4 . 1 CONSTRUCTION ......................................... 37 

4.2 MEASUREMENT AND TESTING .............................. 37 

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION ............................ 39 

5.1 CONCLUSION .... ; ....................................... 39 

5.2 RECOMMENDATION ....................................... 39 

REFERENCE ................................................ 40 

vi 



ABSTRACT 

The design and construction of an electronic thermostatic 

control for heating systems is described in this report. The 

project is limited to a closed loop system so as to 

demonstrate heat detection in an environment. The detection is 

via a switching unit which is indicated with an LED indicator. 

This proj ect is intended to produce an output which 

depends solely upon the temperature of the sensor device 

(thermocouple) . The design is therefore based on the principle 

of using temperature transG'..!c~:;::,:- (sensor) that converts heat 

variation of an environment ::'!ltO electrical signal, \.Jhich is 

then used to control the switching unit. The design and 

numerical analysis, circuit, block diagrams and values are 

provided to give readers adequate knowledge and information 

about the system. 
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CHAPTER Ol\.TE 

GENERAL INTRODUCTION 

1.1 INTRODUCTION: 

In the world today, most heating system, whether direct 

or indirect are governed by some form of thermostatic control, 

designed to maintain a desired temperature set by a 

thermostat, which regulates the input of heat. In the early 

days, control is often by water temperature, the adjustment 

being made according to outside weather. Alternatively, 

control may be by room therTI"on':-.at. 

Thermostatic control has the obj ective of economizing 

heat as far as possible while avoiding underheating or 

overheating. Internal heat gains and solar gain may often 

contribute significantly to th~ total daily heat requirement 

of any heating environment and, superimposed on the normal 

designed output of a heating system, can lead to uncomfortably 

high internal temperature. A quickly responsive system is 

therefore desirable. To achieved this, the turn on ~nd off 

type of thermostatic cont~ol is considered in tilia project. 

The turn on and off type of thermostatic control is an 

electronic equipment to tri~;geyed automatically \vhen the 

temperature inside a house, oVen, kiln, incubator or any 

heating environment exceed the req,;ired temperature. 

Generally, this equipment cont:col one or more heating source 

to maintain a desired temper2tu:ce. 

To perform this function c~ thermostatic control must have 

a sensor, comparator and a triggering unit~ The block diagram 

in fig 1.1 summarizes the mainspring for the operational 

outline of the control. 

1 



1 . 2 LITERATURE SURVEY 

It is on record that researchers and implementation of 

thermostatic control itself did not seriously take off until 

in the 80s when the need to automatically control for heating 

systems become very important. Hence there are still 

relatively few text that dea:J..s extensively with important 

aspect of Electronic Engineering. 

However, the device for controlli~g heating system was 

first introduced in 1830 by Andrew Ure, a Scottish Professor 

of Chemistry, who issued a pattent on what he called a heat

responsive element consisting of a bar steel united to zinc by 

numerous rivets, this bimetallic bar bends with temperature 

change because of the different expansion rate of the metal 

strip, and the bending can be used to actuate valves or 

dampers to control heating system. 

For the purpose of this project a number of texts was 

consulted, one of these text is merit students Encyclopedia by 

William .D. Hasley and Emmanuel Friedman where J.J. JakJ.itsch 

Jr. dealt with the kinds of t~ermostatic control for heating 

systems and gives the operation of their functional parts. He 

however, did not delve intb the process of designing the 

device. 

Ac~ording to Nathaniel Robbins Jr. in the late 1880's 

thermostatic control was defined and went further to explain 

the types, the principle of operation, and the merits and 

demerits over the conventional control system. He also 

mentioned areas where this device is applicable. 

In a text of science and·invention by Cornelius Drebbel, 

a Ducthman living in London dealt extensively on the types and 

the essential features of thermostats and went further to say 

that resistance-based the::c:x)t;.·~tic control are extremely 

accurate when connected to e].'2ctronic equipment::, t~:.c.t only 



.. 

minute adjustments could be the temperatu.re ~9C::" 1 ::lting 

system. 

Other heat controlling- c::.. ::'_~:::ent (thermostat) e:d.st that 

basically uses almost the same type of principle but different 

types of input and output units, though there are some whose 

principle is drastically different from that used in this 

project. Some systems are based on the principle of analog to 

digital converter. Where the analog voltage produced by the 

sensor is converted into its digital equivalence, which is fed 

into the disply unit from where the temperature variation may 

be read. 

In addition to gettting information on the working 

principles of the thermostaU.c for heating system itself, 

which is the main objective of this project, it is necessary 

to have vividly knowl~dge o~ t~e working condition,of the 
.1 

I 

various components which make uJ? this device, which Uk texts 

mentioned above omitted. It is in this light that practical 
I') i 

electronics (second edition) by Barry Woqlland was consulted. 

1.3 OBJECTIVE AND MOTIVATION 

The main purose of this project is to design and 

construct an Electronic thermostatic control for heating 

systems. The system is design to be automated by switching on 

and off. 

To achieve this aim, the objective considered to form the 

entire system design and development are:-

i) h • t e control system should be easily interface with 

wider variety 02 ~ .. = ~ ~;'.~3 equipments. 

ii) the project has to b~ inexpensive 

iii) the project should be easily set-up and should 

require minimum w.aj.ntainance. 

Overheating a particular environment, being it a house, 
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oven, kiln, incubator etc. is very dangerous hence the main 

motivation in embarking on t:--.. i;;: proj ect is to desigr. ;.1 system 

that maintain a required L:en"l::'2 .. ::&CUre for safety C!.:c;':: -':0 be 

used with minimum possible human attention. 

1 . 4 PROJECT LAYOUT 

This project write-up is in five chapters for easy 

comprehension. 

Chapter one encompases the general introduction where a 

brief knowledge of the history of Electronic thermostatic 

control for heating system~ is·dicussed also mention is the 

need for this control system and the type ·of thermostatic 

control designed. 

In addition, the texts consulted in the course of this 

project were highlighted. 

The obj ecti ve and moti vift ion in embarking on this proj ect 

is also mention. 
I I 

In chapter two, the project is sub-divided in three major 

units that constitute the design of this wprk for easy and 

logical explallation of each function. 

Chapter three, the general consideration of each 

components used, implementation and the mode of operation of 

thermostatic control is discussed in this chapter. 

Chapter four deals with the construction, constraints 

encountered during the course of this proj ect, measurement and 

testing of the control syste~. 

Finally, the last chapter (five), the conclusion which 

summerizes the whole proj ect and recommendation to further 

improve on this design were discussed. 
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CHAPTER TWO 

DESCRIPTION OF DESIGN 

2.1 DESIGN CRITERIA: 

The design of this project .is limited to a close-loop 

system so as to demonstrate heat detection in an environment. 

The detection is then indicated with the aid of a light 

emitting diode (LED) as indicator. The design comprises of 

three units, the tranduce!: unit, comparator unit and the 

switching unit. 

The main component used in this proj ect is the transducer 

bridge with its sensor (thermocouple) whose function is to 

detect the present of heat within .its vicinity. The 

thermocouple is placed in a l)1:-idge circuit and its voltage 

which is directly proportio!,!.?l to the instatenous' temperature 

of the hot junction is amplified by voltage amplifier 

(amplification is necessary to improve the sensitivity) . 

A quad LM324 operational amplifier (OP. amp.) is 

connected as a voltage ampli£ier and as a comparator. The 

voltage amplifier has two inpu;::: (llld one output. One Lt!l'IlIl11ill 

of the thermocouple is connected to the inverting input and a 

variable resistor (potentiometer) VR1 is conriected ~o the non

inverting input of the dc amplifier. The output of the 

amplifier is fed into the comparator unit. 

A comparator is a two inputs and one output voltage 

comparing device that is capable of high gain, high input 

resistance and low output. One input terminal is placed at a 

fixed voltage (Vf ) with the help of a variable resistor 

(potetiometer) VR2 , while the other input terminal is placed 
'. ' 

at a varying voltage which {.::>~'.-!ds on the voltage f:com the. 

amplifier. The output of ths- cO'''l)arator is then passed onto a 

switching unit comprises of transistor and a relay. 
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The npn transistor is used as a current amplificatio"n and 

to provide switching effect for the relay. The relay on the 

other hand is an electromagnetical device which is used to 

switch on and off the heater. A light emitting diode (LED) is 
~. 

used to indicate the on and off mode. 

The units consideration that make up this project are 

explain below: 

2.2 THE TRANSDUER UNIT 

The word transducer means any device which C0!1verts 

energy from one form into anot:"1er such as heat ene:r:'gy into 

electrical energy into elect< .. cal signals. Typic:al input 

transducers are thermocouple, thermistors, photocells, strain 

guage and typical output transducers are loudspeakers, motors, 

selenoids and valves. 

While a transducer may be in a small part of a system, 

they are very importance devices in electronics, of utmost 

importance is the success of any control system, interms of 

its operat.ion and performance, which will oft.en depend 011 the 

quality, sensitivity and stahility on the input sensor. The 

sensor have to pick up the small change in the input qualities 

and translate this often tip" (~l:1anges into useful electrical 

signals. 

2.2.1 HEAT (TEMPERATURE) SERSOI<. 

Heat sensor or transducer is a device that senses heat 

(temperature) variation in an environment to give useful 

electrical signal. Different sensors are made from different 

materials, but generally, their properties changes with rise 

or fall in temperature. 

The useful temperature range for this project is between 

38 0 
- 80 0 c, hence most temperature sensor may be used. The 



thermistor and the platinium resistance are relatively' 

expansive, while the semiconductor types of sensor are not 

easily obtainable. Due to low cost and availbilty, the 

thermocouple is used as the heat sensor. 

2.3 THE VOLTAGE COMPARATOR UNIT 

The voltage comparator is a circuit which compares input 

signal (voltage) and the reference voltage, the ouput of the 

comparator, Vout changes from its value when Vin is less than 

or eqaul to Vf . 

A comparator circuit exhibit.s a non-linear operational 

amplifier characteristics, whereas a differential amplifier 

behaves linearly. A comparator is therefore a two inputs, one 

output voltage comparator device that is capable of high gain, 

high input resistance and low output. While this may be taken 

as the definition of an operational amplifiers, it should be 

noted that voltage comparis~, ... is just one of the areas of 

amplification of operational amplifiers. A comparator thus 

performs the following function: 
l 

(i) detects two input voltage 

(ii) provides an output that has t~o descrete state. 

The differential volt;-,-.-: (!C'!'1parator is oper2.ted via a 

dual power supply with a common ground, thus enabl inq the 

output to swing either to :'-:-'''' ~,. ~ ·.T~ or negative \"l~. t.1< C-~"Yit'~ct to 

ground. 

The OP. amp. gives a '.Tr"-.-:-.'~e gain of about lC 3 ~x::tween 

input and output. One input terminal is d~noted negative, it 

gives an inverting output i.e. the inverting terminal and the 

other is denoted positive, it gives non-inverting outp~t i.e. 

the non- inverting terminal. The output of the device is 

ideally zero, when identical signal are simultaneously applied 

to both inputs since the two signals are cancelled out by the 
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differential outcome of the amplifier. The output of the 

circuit is protional to the differential signal between the 

inputs and it given by 

Vm -~ 

I 
.-.. ~ 

Vref 

Fig 2.1 Voltage Comparator Symbol 

from the fig above, Vout = Ao(Vin - Vref ) 

Vout - AoVd 

Vout 

where = the open loop of the OP-amp. (Gain) 

= the input signal at the inverting 

terminal 

the re:eyei1.ce voltage at the nOl1-

inverting terminal 

= differences bet.ween the invertin9 and the 

non-inverting terminals. 

Vout the output voltage. 

A Vo (V) 

Vo .. 

------______ ~ Vo~ 

9 



Fig 2.2 Comparator Voltage Transfer Curve 

The comparator operation is express as 

when Vref > Vin 

when 

2.4 THE SWITCHING UNIT 

The switching operation is achieved with the aid of a 

transistor and a relay. The transistor is used to amplify 

current to the relay which eventually switches off and on the 

heater. 

When the output of the comparator is fed to the base of 

the transistor, the transistor goes t6 its saturation point 

thereby making current to flow through the relay coil which is 

connected to the transistor collector region. The collector 

current Ic energized the coil of the relay thereby opening the 

relay switch and heating is sto0~ed. 

relay 

transistor 

Fig 2.3 Block Diagram of Switching Unit 
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CHAPTER THREE 

GENERAL DESIGN ANALYSIS 

The detail design consi~2:::2t.=_on for each components used 

in this project a~e analized ~n this chapter. 

3.1 THE THERMOCOUPLE 

A thermocouple is the transducer (sensor) used in this 

proj ect, it consist of two wires of dissimilar metals. or 

alloys joined together to form a junction. If this junctl0n is 

heated, a voltage is developed between the free ends of the 

wires called the hot arid cold junction respectively, the 

dissimilar metals used are copper and constantan wires, its a 

low temperature thermocouple and the best for measuring 

temperature below 0 0 
- 600 0 c. It has an average output of 2.50 

mV/100 0 F and has an accuracy of ~%. The temperature of the hot 

junction is determined by measuring the potential drop between 

the junctions which usually i~creases 
I· ~ 

as the temperature of 

the hol jUllcLion iu raised. 

The disadvantage of the thel~ocouple is that it produces 

fairly small voltage, this voltage is thus, amplified with the 

aid of voltage amplifier (OP. amp,). 

Copper 0+ 

hot < cold junction junction 

0_ 
Constantan 

Fig 3.1 Copper-Co~~:' - .. ' '. :::~J. Thermocouple 

Sensitivity is imposed by rr;:-l'~l":::' five junctions ( hot and 

cold). This multiply the t~··:- .·-"'~ed E.m.f by fiv,c.:. 

11 



sensing S": -J: -----.... .-,;: 
( hot) June t io n ............. ./+r--_-_-t

r
-=--=--=--=--=--=--=--=--=--=--=--=--=--=--=--.-_____ -~~~~:> : 

I 

tl L __ I 

·-1-
~--o' 

r----O 

r e tere nee (eol d) Junction 

Fig. 3.1.2 Five junction copper-constatan thermocouple schematic 

The E. m. f generated by the .thermocouple is the difference 

between two E.m.fs V' and V acting in the ju~ctions. 

Thus 

E = V' - V. 

HOW THE EMF IS GENERATED: 

When the hot junction of a thermocouple is placed within 

the heating environment, a charge Q flows round the circuit, 

at the hot junction heat energy V'Q is absorbed and at the 

cold junction~ the current is in opposition to the E.m.f V, 
. 

therefore heat energy VQ is evolved. The difference between 

V'Q and VQ (V' -V)Q is the electrical energy (Emf) available 

in the circuit. The Emf generated is not more than a few 

milivolts for temperature difference between the junction of 

lOOk. 

• 
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of the voltage amplifier. Terminal 4 goes to the positive of 

the supply source (+Vcc) and terminal 11 goes to the ground 

(GND) . A feed-back network is connected to the inverting input 

and the output OP. amp. This connecton enable the OP. amp. to 

amplifier both negative and pos~tive dc voltage with respect 

to the common reference level. 

The circuit below shm~s the arrangement of the 

thermocouple and voltage amplifier as the transducer unit. 

Vcc--~------------~ 

R1 R3 

RS 

Cl_r--

Fig 3.2.1 the tra~sducer circuit. 

The output of the circuit above is given by 

Vol = Ao (Vref - Vin ) 

VOl = AoVd1 

where Vd1 = (Vref ' - Vin ) 

Gain' (AO) 
-R6 

= 

RS 

14. 

R6 

3.2.1 

3.2.2 

3.2.3 



Vin = transducer Emf + mid-voltage 

R3 x Vcc 
mid-volt = 3.2.4 

R3 + R4 

Voltage drop (V ref1) acrees -- . .:.. given 9Y 

Vcc 3.2.5 

where VR01 = resistance b2':.;?Cen the non-invert::"ng input 

terminal and R1 

and resistance between the non-inverting input 

terminal and R2 

VR01 and VR02 are determined when the variable resistor (VR1 ) 

is adjusted to a precise position for easy setting of the high 

gain OP. amp. 

equation above gives 

mid-volt = I . 

i R3 . R4 =2.2KO Vcc = 9V 

2.2K 
= 

2.2K + 2.2K 

C'T-r 
X c; '. ::.5V 

midvolt 4.5V 
current through miq-volt = =>---

2.2k 2.2k 

R1 = R2 =2.2K, VR01 = 94.20, VR02 = 105.80 

:. from equation 3.4.5 

Vref1 = 
2305.8 

4600 
x 9V = 4.5113V 

4.5113 

=> 2mA 

current through VR1 (Vre~l) _ = 0.98mA 
4600 

.. IVR1 = 0.98mA 

. 15 



Vin = 4.5 + transducer Emf 

where transducer Emf = 6.6mV (measured value) 

vin = 4.5 + 6.6mV = 4.5066V 

Vd1 = 4.5113 - 4.5066 = 0.0047 => 4.7mV 

equation 3.2.3 gives 

R6 
1kQ, .. 

Ao R5 = -'-6 = 
KS 

1mQ 

1000000 
Ao = = 1000 

1000 

Vol = 1000 x 4.7mV = 4.7V (from equation.3.2.2) 

Vol is now the test voltage to the comparator. 

3.3 OP. AMP. AS A COMPARATOR (Lm324) 

The Lm324 is a quad type of comparator, it is used in 

this project is a differrential voltage circuit on whether one 

of the input is greater or less than the other, so that the 

two input voltage level therefore represents the output 

voltage of decision. This lS mostly determined by the 

saturation position of the ope:cational amplifier. When the , 

input voltage Vin (VOl) is greater than that of the reference 

by more than a few hundred micro-volts, the output is driven 

into saturaton positively, <:~:!:c' ~';hen the sample voltage is few 

hundred less than the reference voltage, the output is driven 

too negative saturation. It is the magnitude of the 

differential input voltage that dictates the magnitude of the 

output voltage, so the absolute value of input voltage are of 

little importance. The circuit thus function as a precision 

voltage comparator or balance detector. 

16 



output· , output L. 

- input 1 - input L. 

+input 1 ... input L. 

Vee L. 11 GND 

-+input2 5 "i" input 3 

+ + 
_input2 - input 3 

output 8 output 3 

Fig 3.3 Pin-out of the Quad Lm324 OPe amp. 

Vee --------r-, 

R7 

VOf <.)--------+-------+ 

Voe. 
V,,2. ~-------+ 

R9 

Fig 3.3.1 The Comparator Circuit. 

The positive feed-back in the circuit transform the OPe 

amp. from the becoming a linear differential OPe amp. but to 

a more digitalized quantised amplifier. 

The output of the comparator circuit is given by 

J.7 



3.3.1 

voltage across variable resistor VR2 is given by 

vref2' = 3.3.2 

where 

VRa = resistance between the non-inverting input of 

the comparator and R7 

resistance between the non-inverting input of 

the comparator and RS 

VRa and VRb are determined, when varaible resistor VR2 is 

adjusted to a point in such a "lay that the heating environment 

is heated to a temperature range of 45°c. 

datas, 

from 

Vref2 

R7 = RS = 560Q, 'VRa = 2.62kQ, vRb = 2.2SKQ 

R9 = 1.5KQ, VOl = 4.7V 

equation 3.3.2 

31S0 
= x 9 = 4.6765V 

6120 

current through VR2 

4.6765 
IVR2 = = o.76mA 

6120 

The voltage (VOl) ap:!?lie~ at the inverting inl';mt of the 

comparator i~l:!igher than ~~~ __ ~_hellon-inve:r-1;.ing l,I1I>l.!t o_f 

the comparator, this indicate the off mode of the heating 

device. 

As temperature decreases, the Emf generated by the 

thermocouple also decreases. 
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For the heating device to trigger on again Vref2 must be 

higher than Vol 

thus, transducer Emf becomes 7,7mV 

Vin - 4.5V + 7.7mV 

= 4.5077V 

Vd1 = 4.5113 - 4.5077V 

= 3. 6mV 

VOl becomes 

VOl = 1000 

= 3.6V 

Since Vref2 is now 

x 3.6rr.V 

higher than the neVI Vol' this 

indicates the on mode of the heating device. Temperature 

begins to increase as the transducer Emf continue to increase 

until Vref2 is exceeded again. 

from equation 3.3.1 

where a = 1 + 

V02 a (4.7 - 4.6765) 

::: a (0.0235) 

R9 

R· 
8 

1 + 1.5k 
(Gain) a = - 3.678!:,-:-

560 

V02 = 3.67857 x 0.0235 

= 0.0864V 

3.4 TRANSISTOR AMPLIFIER 

= 1.5k, RS = 560Q 

It is an active semi-conductor device. Transistor switch 

has thr.ee electrodes. These electrodes are named base, emitter 

19 



and collector, It can amplify, oscillate and can be use for 

switching and other purposes. Germinium and silicon are 

commonly used material for the production of a transistor. 

The transistor are two types i.e. NPN and PNP. 

For the purposes of this project the NPN MRF 581 type is 

used for current amplification c_~1d to provide t.he switching 

effect for the relay. 

The NPN MRF 581 has the folloeing specification 

Icmax = 2A 

VBcmax = 36V 

VBE = 4V 

VeE = 18V 

h fe = 25 

vcc. ___ --+ 

vozo--------vv~~~-+~ 

Fig. 3.4 The .Tr2~sistor Switch. 

The output of the OP c:mp V 02 s fed to the base of the 

transistor. When this t~arisistor is saturated a voltage is fed 

to energise the relay coil thereby ope?ing,the relay switch 

and heating is stop. 

current through R10 . R10 = 1000, 

0.0864V 
= 

20 



I R10 = 0.864rnA 

Voltage drop across R10 

VR10 - I R10 . R10 
.., 

- 0.864rnA x 100 

VR10 = 0.0864V 

The base current IB requi:ce:d for saturation is specified 

from the formular 

from the circuit diagram (fig 3.4) 

Vcc = 9V, VBE = 4 and R10 = 100 

on substitution 

9 - 4 
= 0.05A 

100 

equation 3.4.1 gives 

IB = Ic/hfe 

hfe for mRf 581 = 25, IB = O.05A 

0.05A = I c /25 

= 0.05 x 25 

= 1.25A 

3.4.1 

this is the required current to energize the coil of th~ 

relay. 

3.5 RELAY SWITCH 

A relay is an electromagnetic switch, a movable spring 

armature is mounted above the core of an electromagnet, when 

the core is energized, the a].-r·.:-:';~.\'.:::~E:,.is altered and the contact 

points open or close by responding to change in some physical 
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quantities as cur~ent, voltage frequency, light sensitivity, 

temperature, pressure etc. A relay in a normally closed 

position opens when activated and normally open relay closed 

when energized. When energizing potential is removed, the 

spring action returns the amature to its original state, 

switch point and move complicated switching operations. Relay 

can be categorized as an under current and over voltage relay. 

An over current rel.ay and over voltage relay operates 

when the actuating quantity (current or voltage) exceeds its 

operating or pick values. An :.:.~;.~er current and under voltage 

relay operates when the' actt'.~ting quantity (of current or 

voltage) falls below the reset or drop out value. 

coil of reI ay 

R11 

Fig 3.S Relay Switch. 

A relay switch of norr.:~-,.l.'y closed type is usee in this 

project, so that at a point when it opens it trips off the 

heating circuit. Since the circuit is operating at 9V and a 

current rating of 2A maximum (I cmax ' from transistor rating) . 

The relay selected has a voltage of 9V and a resistance 

of IISQ. 
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therefore Irelay = 9V/:::: - 0.07A 

This is the maximum current that can follow through the 

coil, hence the forward current has to be greater than the 

relay current. 

The diode connected in parallel with the relay is a 

protection diode, the protection diode prevent back Emf from 

burning the transistor i.e. at any point in time where there 

is back Emf on the relay coil the voltage is not exceeded. 

The LED (Light emitting diode) in series with R~l and 

parallel to the protection diode indicated on and off' mode of 

the comparator, Rll limit the current that flows through the 

LED. 

The amber (LED) li9ht emitting' diode has a forward 

voltage of 5V and forward current If . of 4mA. 

Vcc - Vf 9-5 4 

Rll = = = = 1000 ----
If 4mA t~1'Y""\, 

Rll = lkQ 

3.6 THE POWER SUPPLY 

The D. C. power supply is a basic· electronic system, 

generally consisting of a transformer, a rectifier, a filter 

and a regulator to convert A.C~ voltage to D.C. voltage. The 

block diagram below shows the basic part of a simple power 

supply. 
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galvanic seperation between the mains [a.c input] and the d.c 

output. In a brief a transformer is a device that: 

(i) Transfers electric power from one circuit to 

another. 

(ii) It does so without a change of frequency. 

(iii) It accomplishes this by electricmagnetic 

induction and 

(iv) where the 2 el2c~ric circuit are in are in 

mutual inductive influence of each other. 

A trnsformer can be either centre-tap or non-centre-tap. 

The figure below shows the basic circuit diagram for a 

transformer. 

220/21.0 
Ac main tV Vp 

12V 

1'0 rectifier 
Vs 

g 
( 

J Ii ,---I -0 

'--------- I I 

Fig 3.6.1 Circuit Diagram of a Transformer. 

RECTIFIER: 

A rectifier is a circuit ~V'hich empl.oys Qne or more diodes 

to convert a.c voltage into pulsating d.c voltage. There are 

several types of rectifiers; 

1. half-wave rectifier 

2. full-wave biphase rectifier 

3. full-wave bridge rectifier 
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For the purpose of this design the full-wave bridge 

rectifier is considered because it is the most common and is 

more suitable for high-voltage applications. 

THE BRIDGE RECTIFIER 

The full-wave bridge rectifier is often useful to be able 

to produce using a full-wave ractified waveform without using 

a centre-tapped (bi-phase) transformer. The brid$e rectifier 

is connected to a transformer which is used to obtain the 

desired a.c voltage to be rectified. This type of rectifier is 

the most efficiently used circuit for electronics d.c supply, 

the output terminals of the bridge rectifier are completly 

independent. There are two d. c terminals; neither is common to 

the a.c voltage. With. bridge rectifier both positive and 

negative d.c supply voltage'can be produceq. Connecting the 

+d.c terminal to the ground yeilds a neg~tive supply. While 

connecting the -d.c terminals to the ground yeilds a positive 

supply. 

The full-wave bridge rectifier is available in 3 distinct 

forms namely:-

1. four discrete diodes 

2. one device inside a fm.'.r terminal case 

3. As part of an array of diodes in an Ic 

. From Vm 
lr ansformer 

z 

x 

~----~------~~--o+ 

Vdc 

I \ 

..- -- _11 I 
~ ___ ~ __ -4-. --*---0.-

Fig 3.6.2 (a) F,·2.J.-t'lave Rectifier Diagrmn. 
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3.6.3 FILTER CIRCUIT 

The purpose of this circuit element is to remove 

fluctuations or pulsations [:~pples] in the output voltage 

supplied by the rectifier. Practically no filter can give an 

output voltage as ripple free as that, of a d.c battery but, 

it approaches it so closely that the power supply perform 1Ilell 

i.e. the main function of a filter is to minimize the ripple 

content. 

Vi Vo 

FillER ~T 

o Q 

pulsating de filtered de 

Fig 3.6.3 Pulsating dc to Filtered dc Supply. 

Output at various rectifier circuits is pulsating. It has 

a d.c value and some a.c com~oJ1.ents. This type of output is 

not used for driving sophisticated electronic circuits and 

devices. There are 2 main types of filters employed to 

smoothen-out pulsating in the output namely: the shunt and the 

series 'capacitor filter. 

For this project, the shunt capacitor filter is used, the 

capacitor is connected across the rectifier and in parallel 

with the load RL to achieve filtering action. 

fig 3.6.3(a} fig 3.6.3(c} below shows the filter 

circuit and its filtering action illustrrated in the wave 

forms. 
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..n 

R ec t i tier V,,, -'- C 
-;-

R .. 

--~--------~------o 

Fig. 3.6.3 (a). 

v~ 

b d t 

a 

0 

Fig. 3.6.3 (b) . 

Fig. 3.6.3 (c). 

h 

without 

with filter .. 

filter 

An open circuit Point P is at positive potential with 

respect to Y and Z is at zero potential (but will be more 

positive than point Y at full negative half cycle potential 

when it will be held held at positive potential with respect 

to point y). D2 is cut-off while D3 conducts, making a 

complete path of unidirectional current through RL across 

which a voltage Vdc is developed. 
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During the second ~al= cycle, D2 and D4 passes a 

unidirectional current thro~gh RL to develop a voltage while 

D1 and D3 are .open-circuited. The cummulative effect is that 

current flows throughout the complete cycle to produce a d.c 

voltage as the rectifier output. 

ADVANTAGES OF FULL-WAVE BRIDGE RECTIFIERS 

1. It gives twice the efficeincy of half-wave 

2. It is more efficient 

3. It gives twice Vdc for half-wave 

4. It's output is much easier to filter because it has 

less amount of ripples. 

FULL-WAVE ANALYSIS. 

2Vmax 
Vdc = =0.63€ Vmax 

A 

Vmax 
Vrms = = 0.707 Vmax. 

"';2 

Output frequency = Twice input frequency. Hence Fo = 2fi 

This increase in output frequency makes it easier to 

filtered, and also it contains only even harmonics. 

Piv = 

Piv = Vmax (Bridge rectifier) 

This is the maximun voltage appearing across the 

rectifier diodes during the time of non-conduction 

Ripple Voltage (Vrip) = i/Fc. 

FILTERING ACTION OF A SHCl~r..t. C_~'~CITOR. 

When +ve half cycle c:':: .:.b2 a. c. input is applied to 

bridge rectifier [fig. 3.6.2], diode 1 and 3 are forward 

biased. This allows capacitor C to quickly charge up to peak 
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value of input voltage VIP [point 6 in fig. 3.6.3b) because 

charging time constant is ap~~oximately O. 

Hence capacitor C follm'ls the charging voltage as shown. 

After being fully charged, the capacitor holds the charge till -, 
input a.c. supply to the rectifier goes -ve. 

During the -ve· half cycle the capacitor attempts to 

discharge through Dl and D2 but cannot because they are now 

reverse biased. Therefore it discharges through RL from point 

b to c in fig. 3.6.3(c) and its voltage decreases somewhat. 

The discharging time constant LCRL} is usually 100 times more 

than the charging time. Hence C does not have sufficient time 

to discharge appreciably. 

During the next +ve half cycle, when rectifying voltage 

exceed the capacitor voltage represented by point in fig 

3.6.3 (C), the capacitor C i.s 2gain charge quickly Vip' as 

represented by point d. In this way, RL sees nearly constant 

d.c. voltage across it at all times. 

3.6.4 VOLTAGE REGULATOR 

In an unregulated power supply, output changes when ever 

input supply voltage or load resistance changes. It is never 

constant. The change in voltage from no-load to full-load 

condition is called voltage regulation. The aims of a voltage 

regulator is to reduce these variation to zero or at least, to 

the minimum possible value. 

In brief the main function of a voltage regulator is to 

keep the terminal voltage of the d.c. constant even when: 

(i) a.c input voltage to the transformer varies 

(ii) The load varies. 

The value of regulator used in this'project is L78m09, it 

is used to maintain the rectified voltage at constant 9 volts. 
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Percentage (%) regulator = (Vmax - vmin/v~ax) x 100 

Vin = 12 and Vout = 9 when there is no fluctuation in 

voltage supply. 

Voltage drop across the regulator = 12 - 9 = 3V 

12V 

9V 

OV 

'2V 

L 78M09 

Fig. 3.6.4 Voltage regulator diagram. 

3L 

'}V 



The regulator allows fors~z"~·'.~.·>-:y to the limit as ~o}.:.o~·!s 

240 --> 12V = 2~0/12 = 20 times. 

.. for supply to be as low as 9V then mains must be as 
~ 

low as 9 x 20V = 180V. Expect mains fluctuation gets below 

180V before there will be malfunctioning in the system (i.e. 

before supply can drop belcw 9V) . 

Also connected at the extreme end is a light emitting 

diode (LED) to indicate that there is voltage across the 

circuit. It is connected in parallel to the voltage regulator. 

The complete power supply is sl}ovm below. 

L 

N 

2~O/2L.O 

AC Mains 

Vp 

I " 

Vs 

Fig. 3. 7 POvler Supply Circuit 
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AC main 
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Amplifier 

MRF SB1 

relay switch 
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\. 

THE ELECTRONIC 'lHEf<.MOS'i'ATIC CONTROL FOR HEATING SYSTEMS CIRCUIT ~ () hea'N o 
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3 . 7 CIRCUIT MODE OF OPERATION ' 

The 220/240 a.c mains (N.E.P.A.) was stepped down using 

a 12 volts step-down transformer and then rectified to 12v dc 

power supply using a full bridge rectifier (W02) , the ripples 

associated with this 12v dc supply is taken care of with a 

smoothing capacitoF c 1 . Th~ dc supply is further regulated to 

a constant dc 9v supply and also associated with this dc 

supply is ripples which eventualywas cleared with a filtering 

capacitor c2' the light emitting diode indicates the existence 

of power. 

The 9v power supply is fed into the control circuit and 

the heater is triggered on, VR1 is used to pre~et the 

inverting dc amplifier in such a way that output vOl doesn't 

saturate within the temperature range this project is designed 

for VR2 is used to maintain a desired temperature (38° -

80°) and also set a reference voltage (Vref2 ) to the 

comparator. 

As temperature increases, the e. m. f generated by the 

thermcouple also increases, this (e'.m.f) is however very low 

(mVolt), therefore the voltage amplifier (Lm324) amplifies the 

e.m.f by gain of 1000 and t.he output of the amplifier Vol is 

then fed into the inverting input of. the voltage comparator 

(Lm324) which compares the voltage Vol' and the reference 

voltage Vref2 set by the variable resistor VR2. When this 

Voltage (VOl) exceeds the Vref the output V02 of the 

comparator after suitable voltage division is applied to the 

base of the transistor (rr~f 581) amplifier, with V02 high the 

transistor i~ driven into saturation and the current flows 

through the collector region to energized the relay coil, then 

the relay switch which is normally closed becomes open thereby 

triggering the heater off. 
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As temperature decreases, the emf generated by the 

thermocouple also decreases, therefore Vol decreases and the 

output of the voltage comparator Vo2 becomes low and fed to 

the base of the transistor, this Vo2 is not high enough to 

bias the transistor thereby cutting off the transistor and no 

current flow through the transistor to the relay, the relay 

coil becomes de-energised and relay switch return back to its 

originalpositon therby switching on the heater. 

This circuit-is an automatic system, as the operation 

proce~s continue to repeat t::~ ~~~p. 
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constant positon. In such a way that VOl dosenit get saturated 

within the temperature range of the project, while a 

multimeter was placed at the output of the dc amp. VOl' which 

is the test voltag~ to the comparator and a thermometer was 

placed at the hot junction of the thermocouple and then, VR2 

was adjusted until the relay turn on the heating device for 

about a minute and then turn it off again, the temperature 

reading at which the heating device turns off and the 

corresponding voltage (Emf) s·e!::,::'_-ated by the ther:mocouple was 

noted to·be 38° and 4V respectively. 

On readjusting the VR2 further, the corresponding 

temperature and voltage are 15° ann 4. 85V respectively I and it 

was observed that the heating device remain in the on and off 

state for quite a long period of time compared to when it was 

at the on/off state for the. previous setting (38~). By so 

doing a turn on state is achieved when the voltage applied at 

the inverting input is less than reference voltage (Vf ) at the 

non-inverting input of the comparator 

i.e. On state indicate that Vref > Vtest 

and Off state indicate that Vref < Vtest 

Conclusively, it was observed that as temperature 

increases the voltage (Emf) generated by the thermocouple 

increases. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION: 

The design and const.ruction of this project has not been 

an easy task in anyway, it calls for precision, hence a 

functioning electronic thermostatic control had successfully 

been carried out as described. The demonstration of the 

detection of heat which depends solely upon the temperature of 

the sensor device (thermocouple), the thermocouple here, is 

placed in the heating environment and the detection is through 

photoelectric effect via a switching unit which is indicated 

with a LED as indica~or. 

The main aim of this proj ect which is to produce a 

phototype control circuit for heating systems that could 

accept an input signal from a sensor and then gives an output 

to indicate the condition at the input has been fulfilled. 

With this regard it can be said that the desired output at the 

switching unit due to temperature variation at the transducer 

was satisfactorily abtained. 

5.2 RECOMMENDATION 

To bring this work toward better temperature control, a 

more sensitive and reliable temperature transducer that is 

more sensitive than the thermocouple should be used. 

Sophisticated signal processing techniques using analog to 

digital converters is recommended in other to display the 

actual temperature at which the environment is been heated. 

Moreso, a microprocessor base system is also recommended. 

Since this design can still be inproved upon, it will 

serve as a stepping stone, for whoever is interested in 

building a modern electronics thermostatic control. 
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