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ABSTRACT

The design and construction of an electronic thermostatic
control for heating systems is described in this report. The
project 1is 1limited 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 project is intended to p&oduce an output which
depends solely upon the temperature of the sensor device
(thermocouple) . The design is therefore based on the principle
of using temperature transduasr (sensor) that converts heat
variation of an environment iInto electrical signal, which 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 ONE

GENERAL INTRODUCTION
1.1 INTRODUCTION:

In the world today, mbst 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 thermos-at.

Thermostatic control has the objective of economizing
heat as far as possible while avoiding underheating or
overheating. Internal heat gains and solar gain may often
contribute significantly to the 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 and off
type of thermostatic control is considered in this project.

The turn on and off type of thermostatic control is an
electronic equipment to triggered automatically when the
teﬁperature inside a house, oven, kiln, incubator or any
heating environment exceed¢ the required temperature.
Generally, this equipment control one or more heating source
to maintain a deéired tempefature.

To perform this function & 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.
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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 deais extensively with important
aspect of Electronic Engineering.

Hdwever, the device for controlling 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 differen% 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. Jaklitsch
Jr. dealt with the kinds of thermostatic control for heating
systems and gives the operation of their functional parts. He
however, did not delve intb‘the process of designing the
device. | -

According to Nathaniel Rcbbins 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 saf
that resistance-based thexr:ostiatic control are axtremely

accurate when connected to electronic equipment, that only
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minute adjustments could Be IR T thé temperature reonlating
systemn.

Other heat controlling ¢: -_2ment (thermostat) exist 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 thermostatic for heating system itself,
which is the main objective of this proﬁect, it is necessary
to have vividly knowledge oL cpe working condition ci the
various components which make ﬁé this device, which the texts
mentioned above omitted. It is in this light that practical

i

electronics (second edition) by Barry Woolland was consulted.

1.3 OBJECTIVE AND MOTIVATIONW

.

The wmwain purose of this project 1is 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) the control system ghould be eaéily‘interface with
| wider variety of 11 llig equipments.
ii) the project has to be inexpensive
iii) the project should be easily set-up and should
require minimum maintainance. -

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 thiz project is to design a gystem
that maintain a required tempecacure for safety and o be

used with minimum possible human attention.

1.4 PROJECT LAYOUT -

This project write-up 1is 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 systems 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 objective and motiv§tion in embarking on this project

is also mention. . ;
b

In chapter two, the project is sub-divided in three major
units that constitute the design of this work for easy and

logical explanation 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 project, measurement and
testing of the control system.

Finally, the last chapter (five), the conclusion which
summerizes the whole project and recommendation to further

improve on this design were discussed.



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 1light
emitting diode (LED) as indicator. The design comprises of
three units, the tranducer unit, comparator unit and the
switching unit.

The main component used in this project is the transducer
bridge with its sensor (thermocouple) whose function is to
detect the present of heat within .its wvicinity. The
thermocouple is placed in a »ridge circuit and its voltage
which is directly proportion=1 to the instatenous temperature
of the hot Jjunction is amplified by voltage amplifier
(amplification is necessary to improve the sensitivity).

A quad LM324 operaticnal amplifier (OP. amb.) is
connected as a voltage amplifier and as a comparator. The
voltage amplifier has two inpuon and one>output. One terminal
of -the thermocouple is connected to the inverting input and a
variable resistor (potentiométer) Vry is connected Eo the non-
inverting input of the dc amplifier. The outpht .of the
amplifiér 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 wvoltage (Vg) with the help of a variable resistor
(potetiometer) Vgp,, while the other input terminal is placed
at a varying voltage which <:r:ads on the voltage from the
amplifier. The output of the couparator is then passed onto a

switching unit comprises of transistor and a relay.



The npn transistor is used as a current amplification 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) 1is

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 converts
energy from one form into another such as heat enexrgy into
electrical energy into electxical signals. Typical input
transducers are thermocouple, thermistors, photocells, strain
guagé 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 elegtronics, of utmost
importance is the success of any control system, interms of
its operation and performance, which will often depend on the
quality, sensitivity and stabhility on the input sensor. The
sensor have to pick up the small change in the input qualities
and translate this often tirv changes into useful electrical

signals.

2.2.1 HEAT (TEMPBRATURE) SENSOR

Heat sensor or transducer is a device that.senses heat
(temperature) variation in an environment to give useful
electrical signal. Differént 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? - 80°c, hence most temperature sensor may be used. The
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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 comﬁarator is a circuit which compares input
signal (voltage) and the reference voltage, the ouput of the
comparator, V... changes from its value when Vin is less than
or eqaul to Vg.

A comparator circuit exhibits 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 bpérational amplifiers, it should be
noted that voltage comparisw: is Jjust 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 two descrete state.

The differential volts~~ comparator is operzted via a

dual power supply with a commcon ground, thus enabling the

output to swing either to r>~"** =2 or negative with ~=2<mact to
ground. : -
The OP. amp. gives a vr'*~~e gain of about 103 hetween

input and output. One input terminal is denoted hegative, it
gives an inverting output i.e. the inverting terminal and the
other is denoted positive, it gives non-inverting output 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

8



differential outcome of the amplifier. The output of the
circuit is protional to the diffesrential signal between the

inputs and it given by

Vout = PoVin - Vrer)
: N~
Vm 00— _:\\\\\
vd
VrefO—
Fig 2.1 Voltage Comparator Symbol
from the fig above, Vout = Ao(vin - Vref)
Vout = #oVa
where Ag = the open loop of the OP-amp. (Gain)
Vip = the input signal at., the inverting
terminal .
Vief = the referencg voltage at the non-
inverting terminal
Vg = differences between the inverting and the
non-inverting terminals.
Vout = the output voltage.

Vou

—» V4(V)

You




Fig 2.2 Comparator Voltage Transfer Curve

The comparator operation is express as

o oL . when Vref > Vin
Vo = Vou when Veaf Z_Vin
2.4 THE SWITCHING UNIT

The switching operation is achieved with the aid of a
transistor and a relay. The transistof is used to amplify
current to the relay whibh eventually switches off and on the
heater.

When the output of the comparator is fed to the base of
the transistor, the transistor goes to its saturation point
thereby making current to flow through the relay coil which is
connected to the transistor collector region. The collector
current I, energized the coil of the relay thereby opening the

relay switch and heating is stomned.

*,

<7
—
AN

relay

transistor

Fig 2.3 Block Diagram of Switching Unit
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CHAPTER THREE

GENERAL DESIGN ANALYSIS
The detail design consiloaretion for each components used

in this project are analized iIn this chapter.

3.1 THE THERMOCOUPLE

A thermocouple is the transducer (sensor) used in this
project, it consist of two wires of dissimilar metals. or
alloys joined together to forﬁ a junction. If this junction is
heated, a voltage is developed between the free ende of the
wires called the hot and cold junction respectively, the
dissimilar metals used are copper and constantan wires, its a
low temperature thermocouple and the best for measpring
' temperature below 0° - 600°c. It has an average output of 2.50
mV/100°F and has an accuracy of %%. The temperature of the hot
junction is determined by measuring the potential drop between
the junctions which usuallyhinereqees as the temperature of
the hot junction is raised. |

The disadvantage of the thermocouple is that it produces

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

aid of voltage amplifier (OP. amp.).

Copper

ot
. hot . .
junction cold junction
Constantan O —
Fig 3.1 Copper-Con~" "~ "=n Thermocouple

Sensitivity is imposed by ms™iv~ five junctions ( hot and
cold) . This multiply the t¥:- “zed E.m.f by fivz.

11



I
} t ] o
: A | : lj)]
sensing .<L T 4
(hot)junction ~— 4 |

'Q
<
P

. b :
-~ reference (cold))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 junctions.

Thus

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

100k.
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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 ccnnecton enable the OP. amp. to

to the common reference level.

The

circuit

below

shows

amplifier both negative and positive dc voltage with respect

the arrangement

of the
thermocouple and voltage amplifier as the transducer unit.

Vee
<
R‘\ §—R3 v‘\f:\:/gvv
R5
— Vot
1;V
! L
4
D
1 R2 : R4,
C1 %
<+
Fig 3.2.1 the transducer circuit.
The output of the circuit above is given by
Vo1 = B (Vyer - Vyip) 3.2.1
Vo1 = BoVds 3.2.2
where Vi, = (Vig¢ - Vin)
_R6
Gain '(».) = 3.2.3
Rg

14



Vin = transducer Emf + mid-voltage

Ry XV .
3 CcC
mid-volt = 3.2.4
R3 + R4
Voltage drop (V,.g.gq) acrces 7. iz given by
v + R
RO2 2
Vrefl = 1 Vece 3.2:5

(VRoa *+ Rp) + Vppo1 + Ry

where Vpayq = resistance Lketween the non-inverting input
terminal and R4
and VRo2 = resistance between the non-inverting input

terminal and R2

VRo1 and Vggo are determined when the variable resistor (Vgq)
is adjusted to a precise position for easy setting of the high
gain OP. amp.

equation above gives

R3'x VCc
mid-volt = 'R3 = R4 =2.2KQ Vcc = 9V

R3 + R4 ! ‘

2.2K
= x SV = 5v
2.2K + 2.2K
midvolt 4.5V

current through mid-volt = => => 2mA

2.2k 2.2k

R1 = R2 =2.2K, VROl

94 .2Q, VRO2 = 105.8Q

from equation 3.4.5

2305.8
Vrefl = 9V = 4.
S— 4.5113V
4.5113
current through Vg, (Vrefl) = = 0.98mA

4600
Iypy = O.98mA
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Vin = 4.5 + transducer Emf
where transducer Emf = 6.6mV (measured value)

vin 4.5 + 6.6mV = 4,5066V

vdl 4.5113 4.5066 0.0047 => 4.7mV

equation 3.2.3 gives

R6 ‘ .
Ao = Rg = 1k@, g = 1mQ
Rg
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 differrentiel voltage circuit on whether one
of "the input is greater or less than the other, so that the
two input voltage level tﬁerefore repreéents the output
voltage of decision. This 1is mostly ‘determined by the
saturation position of the operational amplifier. When the
input voltage V,, (V,q) is greater than that of the reference
by more than a few hundred micro-volts, the output is driven
into saturaton positively, an¢ when the sample voltage is few
hundred less than the reference voltage, the output is driven
too mnegative 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



U/
output'1 |1 14 1 output 4
—~input 1 ‘ 2 ) 13 l—input 4
= + * -
+nput 1 ]3 ‘ 12 | + input 4
Vee | & [1] onp

~input2 5 r————————:EEI-rnnpuy 3
—input2[ 8 _ ‘\(, 9 | - input 3
output2l 7 | ) 8 | output 3

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

Vee

3R7

Voy O— + =

sz%* + Voz

»

Fig 3.3.1 The Comparator Circuit.

The positive feed-back in the circuit transform the OP.
amp. from the becoming a linear differential OP. amp. but to
a more digitalized quantised amplifier.

The output of the comparator circuit is given by

Voo =@ (Vg - Vrefz)



V02 =an2 3.3.1
voltage across variable resistor Vg, is given by
\Y + R
Rb 8
. x V

v =
ref?2 cc 3.3.2
(VRb + R8) + (VRa + R7)'

where
VRa = resistance between the non-inverting input of
the comparator and Req
Vrp = resistance between the non-inverting input of
the compafator and Rg
VRa and VRp are determined, when varaible resistor Vpo is

adjusted to a point in such a way that the heating environment

is heated to a temperature range of 45°c.

datas,

I

R4 Rg = 5609,'VRa = 2.62kQ, Vpp = 2.28KQ

Rg

1.5KQ, Vg, = 4.7V

from equation 3.3.2

3180
Vref2 = =155 X 9.= 4.6765V
current through Vgro
4.6765

IVR2 = = O0.76mA
6120

The voltage (V,,) apnlied at the inverting innut of the
comparator ig/gigher.thangzzgigmésmfpe7gqn—igverping input of
the comparator, this indicate the off mode of the heating

device.

As temperature decreases, the Emf generated by the

thermocouple also decreases.

18



For the heating device to trigger on again V, . g, must be
higher than V.,

thus, transducer Emf becomes 7, 7mV

Vip = 4.5V + 7.7mV

= 4.5077V

Va1 = 4.5113 - 4.5077V

= 3.6mV

VOl becomes

Vyy = 1000 x 3.6mV

3.6V

Since Vi .g¢s is now higher than the new V this

o1’
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

Voo = 2 (4.7 - 426765)
= a (0.0235)
R9 ~
where a = 1 + __ R9 = 1.5k, Rg = 5600
Rg ’
1 + 1.5k
(Gain) a = - = 3.67857
560

Voo = 3.67857 x 0.0235

= 0.0864V

3.4 TRANSISTOR AMPLIFIER
It is an active semi-conductor device. Transistor switch
has three 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 typeé i.e. NPN and PNP.

For the purpoées of this project the NPN MRF 581 type is
used for'current'amplification and to provide the switching
effect for the relay.

The NPN MRF 581 has the folloeing specification

I = 2A

cmax

Vecmax = 36V

hfe = 25

Vee

Vo:

+

Fig. 3.4 The Transistor Switch.

The output of the OP eamp Voo s fed to the base of the
transistor. When this transistor is saturated a voltage is fed
Lo energise the relay coil thereby opening the relay switch

and heating is stop.

current through Rqp- Rlo = 100Q,
. Voo 0.0864V
R10 < = -
Rqip 100



Voltage drop across R,

Vrio = fr10 -+ Rr10
0.864mA x 100

Vpio = 0.0864V

The base current Ip required for saturation is specified

from the formular

Ig = Io/B = I./h¢g - 3.4.1
from the circuit diagram (fig 3.4)

Vee - VBE
IB=
Rp

on substitution

equation 3.4.1 gives
Ig = Ic/hfe

hgo for mRf 581 = 25, Ip = 0.05Aa

e
0.05A = I_/25
- 0.05 x 25
- 1.25A

this is the required current to energize the coil of the

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 arr~:uire-is altered and the contact -
points open or close by responding to change in some physical

21



quantities as current, voltage frequency, light sensitivity,
temperature, pressﬁre etc. A relay in a normally'closed
posifion 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.'Rélay
can be categorized as an under current and over voltage relay.
An over current relay and over voltage relay operates
when the actuating quantity (current or voltage) exceeds its
operating or pick values. An unxder current and under voltage
' relay operates when the 'actvating quantity (of current or

voltage) falls below the reset or drop out value.

coil of retay

N/

i

Fig 3.5 Relay Switch.

A relay switch of normal’wv closed type is uszed 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 {Iomaxs from transistor rating).

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

of 115Q.
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therefore Irelay = 9V/22Z7 = 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 protectioh 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,7 and
parallel to the protection diode indicated on and off mode of
the comparator, R;; limit the current that flows through the
LED.

The amber (LED) light emitting diode has a forward

voltage of 5V and forward current I¢ . of 4mA.
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3.6 THE POWER SUPPLY

The D.C. power supply is a basic-electronic system,
generally consisting of a transformer, a rectifier, a filtef
and a regulator to convert A;CJ 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:

(1)

Transfers electric power from one circuit to
another.

It does so without a change 6f frequency.

It accomplishes this by' electricmagnetic
induction and .

where the 2 el=c:tric 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.

220/240

Ac mdng\l)

g | 12V

To rectifier
Vp "z Vs

Fig 3.6.1 Circuit Diagram of a Transformer.

RECTIFIER:

A rectifier is a circuit which employs ane 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



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 wéveform without using
a centre-tapped (bi-phase) transformer. The bridge 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 produced. Connecting the
+d.c terminal to the ground yeilds a negative supply. While
connecting the -d.c terminals to the ground yeilds a positive
supply. |

The full-wave bridge rectifier is available in 3 distinct
fofms namely: -

1. four discrete diodes

2. one device inside a four terminal case

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

T

Fromvm —~Ot
Transformer | N
l R Vdc
G_
| |
| !
Y
"'l. !L—————O -

Fig 3.6.2 (a) Fril-Wave Rectifier Diagram.
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3.6.3 FILTER CIRCUIT

The purpose of this circuit element 1is to remove
fluctuations or pulsations [ripples] 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 well
i.e. the main function of a filter is to minimize the ripple

content.

Vi ’ Vo

N~ ~UY Fier YT

>

. "t o i 7
pulsating dc - filtered dc

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 comporents. 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 Ry to achieve filtering action.

fig 3.6.3(a) - fig 3.6.3(c) below shows the filter

circuit and its filtering acticn illustrrated in the wave

forms.
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i Vin.
Rectlflerv" _r_c 3 S
o————-x 1 o)

without filter

»
L

Fig. 3.6.3 (b).

with tilter

Yo
K

Fig. 3.6.3 (c).

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 héld held at positive potential with respect
to point y). D, is cut-off while D5 conducts, making a
complete path of unidirectional current through R; across

which a voltage Vie is developed.

%)
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During the second halZ cycle, D, and D, passes a
unidirectional current throqgh Ri o develop a voltage while
p1 and Dj 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 efficieﬂt

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
Vge = —— =0.636 Vmax
A
Vmax
Vims = 7 = 0.707 Vmax.
Output frequency = Twice input frequency. Hence Fo - ofi
This increase 1in output frequency makes it easier to
filtered, and also it contains only even harmonics.
’Piv = Vmax (Bridge rectifier)
Piv = 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 SHUNY L ACITOR.
When +ve half cycle c¢i c¢iie 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 approximately 0.

Hence capacitor C follows the charging voltage as shown.
After being fully charged, the capagitor holds the charge till
input a.c. supply to the rectifier goes -ve.

During the -ve' half cycle the capacitor attempts to
discharge through D1 and D2 but cannot because they are now
reverse biased. Therefore it dischargés through RL from point
b to ¢ in fig. 3.6.3(c) and its voltage decreases somewhat.
The discharging time constant [CRL] 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 is &again 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 éupply voltage or load resistance changes. It is never
constant. The change in voltage from no-load to full-load
condition is called voltage regulatibn. 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/Vmax) x 100
Vin = 12 and Vout = 9 when there is no fluctuation in
voltage supply.

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

- —
G- -
12V

e2

G Q 9V

Aov

12V 9V
& L 78M09 O

1))

Fig. 3.6.4 Voltage regulator diagram.‘
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The regulator allows for stc™' %%y to the limit as €ollows

240 --> 12V = 240/12 = 20 times.

for supply to be as low as 9V them 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
diocde (LED) to indicate that there is wvoltage across the
circuit. It is connected in parallel to the voltage regulator.

The complete power supply is shown below.

LG
220/240
AC Mains
Regulator rov
D
) _ R
p —d
——C2 é}
NG
LED

¥

Fig. 3.7 Power Supply Circuit
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2207224
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protection diod
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relay switch |

9V, 1155L

¢

voltage regulator INLOOT
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\ +5V
' Y
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THE ELECTRONIC "“HERMOSZATIC CONTROL FOR HEATING SYSTEMS CIRCUIT
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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 1é volts step-down transformer and then rectified to 12v dc
power supply using a full bridge rectifier (Wo2), the ripples
associated with this 12v dc supply is taken care of with a
smoothiné capacitor c;. The dc supply is further regulated to
a constant dc 9v éupply and also associated with this dc
suppl} is ripples which eventualy was cleared with a filtering
capacitor c,, 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, Vp, 1is used to . preset the

inverting dc amplifier in such a way that output Vg, goesn't

saturate within the temperature range this project is designed

for yr2 1s 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 the output of the amplifier Vol is

then fed into the'inverting input of. the voltage comparator

(Lm324) which compares the voltage y,1 and the reference

voltage Vref2 set by the variable resistor VR2. When this

Voltage (Vol) exceeds the V,.¢ the output V,, of the
comparator after suitable voltage division is applied to the
base of the transistor (mRf 581) amplifier, with V,, high the
transistor is driven into saturation and the current flows
through the collector region to energized the relay coil, then
the relay switch which is nérmally closed becomes open thereby
triggering the heater off.
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As temperature decreases, the emf generated by the
thermocouple also decreases, therefore Vo1 decreases and the
output of the voltage comparator Voo becomes low and fed to
the base of the transistor, this Voo 1s 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
original positon therby switching on the heater:

This circuit-is an automatic system, as the operation

process continue to repeat tl:z lcop.
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constant positon. In such a way that Vo1 dosen’t get saturated
within the temperature range of the project, while a

multimeter was placed at the output of the dc amp. V which

ol
is the test voltage to the comparator and a thermometer was
placed at the hot junction of the thermocouple and then, Vgro
was adjusted until the relay turn on the heating device for
abqut a minute and then turn it off again, the temperature
reading at which the heating device turns off and the

corresponding VOltage (Emf) cerczcrated by the thermocouple was

noted to be 38° and 4V respectively.

On readjusting the Vg, further, the corresponding
temperature and voltage are 45° and 4.85V respectively, 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 (Vg) at thé

non-inverting input of the comparator

i.e. On state 1nd;cate that Voo¢ > Vieste

and Off state indicate that Viet < Veest
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 construction of this project has not been
an easy task in anyway, it calls for precision, hence é
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 switchi;Q unit which is indiqated
with a LED as indicator.

The main aim of this project which is to produce a
phototype controi circuit for heating systems that could
accept an input signal from a sensor and ﬁhen gives an output
to indicate the condition at ;he 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 therﬁocouple should be wused.
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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