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AABTRACT

he aim of this project is to design and construct a temperature con

he temperature in general can play a vital role to the human used, ' ‘
an can use for many purposes, That is to say man can control a temperature for

he achievement of many things but here is to use it as fan controlled.

The fan control unit was designed and canstructed. The principle was based
n creating a potential difference in a Wheatstone bridge by using a
otentiometer. The transistor Q1 is used as a bridge balance detector. This mean

s the temperature increase the speed of the fan will increase proportionally.




CHAPTER ONE

11.0 INTRODUCTION
In ancient times temperature control of substance was not accurately

-‘:aChiEVEd despite the fact that human and natural recourses were available to do

it. This circuit adopt a rather cold design technique as its purpose is to vary the

speed of a fan related to temperature with a minimum parts counting and

avoiding the use of special purpose |C's often difficult to obtain.

Over centuries man had distinguished himself by the rescurces he had

shown using national énergy to enable him accomplish tasks beyond his own

Fhvsical power.

Based on this background the project was centered to desigh a circuit to
control a fan when the temperature is high. The circuit consist of sensing element
fi.e Thermistor) which senses the temperature. The zener diode which act as an
amplifier and the silicon controlled rectifier [SCR) or thyristor which can centrol

the power supplied to a load and at the out put of diode bridge with out a

smoothing capacitor.
1.1 PRINCIPLE OF OPERATION

R3-R4 and P1-R1 are wired as a Wheatstone bridge which R3-R4 generate a
;fixed two thirds-supply reference voltage, P1-R1 generate a temperature sensitive

“variable” voltage, and transistor is used as a bridge balance detector.

P1 is adjusted so that the “reference” and “variable” voltage are equal at a

‘temperature just below the required trigger value and under this condition the



above this “balance” value the P1-R1 voltage falls below the “refe

value, s0 Q1 becomes forward bizsed of equal charging C1. C1 provides a variable

iphase delay pulse-train related to temperature and synchronous with the mains

supply “Zero Voltage” point of each half cycle.




CHAPTER TWO

50 LITERATURE REVIEW

[RANSDUCSER: This is an electrical device which gives an output of a form easily
lsable in response to'a particular property being measured. The3 form of the
“butput from a transducer may not be directly usable by our senses, for examples.
i microphone changes sound energy in to electrical energy unless a loud speaker
anges this electrical energy in to sound energy. The microphone output may

Hfhot be usable to our senses.

Some transducers are used for the control of temperature against our
heating. Some are used to maintain a constant temperature over aide range some

forms of transducers includes:
a) THERMISTOR (b) PLATUM (c) TERMOSTATE

2.1 THERMISTORS

A thermistor is a semi-conductor transducer whose resistance changes

markedly when its temperature changes. These are in varieties as shown below:




| [HERMISTOR CONFIGURATION

a. Bead type b. Disk type c. Washer type d. Rod type
: THE NAME TERMISTOR 1S DERIVED FROM THERMALY SENSITIVE RESISTORS.

| Resistance of most thermistors decreases as their temperature increase and these
L are the NTC type negative temperature coefficient made from oxide of nickel,

manganese, copper, cobalt and other materials.

They are used for temperature control and measurements. They are heated
either externally, from the surrounding or by current flowing through them.

Resistance changes causes current or voltage changes which supply the input.

With P.T.C positive type thermistor, the resistance increases as the
temperature increases. These are based on barton titanate and are used mainly
TO PREVENT damage in circuit which might experience a large temperature rise.

This can happen to a much overloaded electric motors.

The resistance of the thermistor once manufactured and fired is dependant

solely upon it's temperature.
R=Ae b/T
Where R is Resistance of thermistor
A.b are constant
@: Base of natural logarithm

T: Absolute Temperature.




yanent damage.

Therefore a zener diode is made to be uded in the breakdown region. 5o by

| as resistor limit the current.

| STRUCTRURE: IT LOOKS LIKE A RECTIFIERE DIODE, THE Cathode often being
marked by a band. As shown below: fig 2.2

k\—.* Anode_1>_—tathode

Fig2.2a band fig2.2b

CHARACTERISTICS: Variation of the characteristics is by temperature. The Vz value

% of zener diode is variable with the temperature. It occurs that

1. In a diode which has a zener voltage Vz < 5v, the decreases as the temperature

increases.

2. In a diode which has a voltage Vz > 5v the Vz increases as the temperature

increases. And diode with Vz -5v is thermally more stable. Important thing

| about diode is that voltage across the diode remains almost constant over a

wide range of reverse current.

Therefore based on the property, it is useful in s.tabilized power supply
where it keeps the voltage output steady. Also zener'dl'ode is a_ CIrCLut- EIE.me.nt
capable of withstanding considerable current variation Whl!e mamtam' |t-s
constant voltage at its terminals. For the purpose of constr.uctnon and tq ..[.Imlt.
the reverse current at breakdown and to prevent over heating power rating of

- diode should be carefully being exceeded.



Fig 2.3 basic circuit of a transistor as a switch.

The off state is obtained by reverse biasing. The Base- Emitter junction so
that the base current IB is negligible. In this condition, the transistor does not

conduct only the collector leakage current Ico flows.

In this condition, almost the whoie supply drop across the transistor with

no supply drop across the load.

The on state is obtained by forward biasing the base Emitter junction such
that Ib is large enough ta drive the transistor into saturation under this condition,
collector current Ic (SAT) is obtainad from the expression given below:

lc {sat) = Vec — Vee/ Rse {sat)

The minimum current required to saturate a transistor i.e trigger to on (state) is

-'_iexpressed below.

Ib = Ic/hfe SAT

\Where Ic (SAT) = current gain of the transistor at the ON state saturation




hpe = common-Emitter current gain

e ON and OFF stage can be illustrated by fig 1.3 which show the plot of Ic
bgainst 1b

ict

L) ON State

8] Of state
2.4 TWO TRANSISTOR ANALCGY

The basic operation of a SCR can be described by using two transistor
analogy. For this purpose, SCR as split in to 3-layer transistor structures as shown
in fig.1.2 (a) As seen transistor Q2 is a PNP transistor where as Q3 is an NPN
device interconnected together. It will also be noted from fig.1.2 (b) that (i)

collector current of Q2 is also the collector current of Q3 and {ii) base current of

03 is also the callector current of Q2.

If the supply voltage across terminals A and C is reverse-biased junction.

Then the current through the device will raise. It means le is increase.

* lcsincrease (rememberlc= IE
* Since Ics= 1b2, b2 also increases
* Ic2 increase ( remember lc2 =Bla)

* Now, Ic2 = Ib, hence Ib increase




e

It can be proved that if |G ig the gate current of the SCRand 1and 2,the

B
IE2 ]
Q2 |
IBZ
Ic2 Ic3
r
hen L G 1B3 03
F
0 IE3
-C
Fig 1.2 (a)

LITERATURE REVIEW OF SILICON CONTROLLED RECTIFIER (SCR})

5 THYRISTOR: Is a four-layer, three terminal semiconductor device as shown
nufrig_1_3 (a), (b) used to be called silicon controlled rectifier (SCR) it is a rectifier

Which can control the power supplied to a load and in a way that with very

Energy,




Anode

Gate

——

Anode l |

P

n
p
n

Cathode

When forward biased, a thyristor does not conduct until a positive voltage
is applied to the gate, conduction continues when the gate voltage is removed

 and stops only if the supply voltage is switched OFF or reversed or the anode
| current falls below a certain values.

The control of A.C power can be achieved by allowing current to be
supplied to the load during only part of each cycle.

A gate pulse is applied automatically at a certaln chosen stage during each

stor conduct and the load receives

pusitive half cycle of input. This allows the thyri

'} power,

Show below in fig 2.7 the pulse occurs at the peak of the A.Cinput.
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time
gate pulse m”
A
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I
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For the purpose of the discussion, the sificon controlled rectifier (SCR} is used as a

SWitching device to the circuit.

10




CHAPTER THREE
.) DESIGN

31 DESIGN OF A THERMISTOR BRIDGE

The aim of using the Wheatstone bridge is to measkre the resistance of the

| thermistor. This method of resistance measurement s employ for the purpose of
¥ accuracy.

A\I\ Vee
: ’J' I Vi
3 .

Fig3.1
I R4 is a fixed value resistance; R1 is the resistance of the thermistor (15kQ) at

room temperature. P1 and R3 are linear resistance potential, R4 and P1 are set to

| 2nd arbitrary value and R3 vary at random until a positive error voltage i.e signal

for avout (2.0v) appears at V1, when the temperature Id increasing from room
ut (2.0v 3

i wn below
tmperature. And R1 is used as a bridge detector as sho

sented as shown in fig. 3.2 for the

the thermistor bridge can be repre

§esigning choosing 230va.c




Fig3.2
| Let the current through R1,R2,R3 and R4 be 15.3mA, 2.3mA, 23mA and 10.45mA

respectively,

| R=V/l, = 230/15.3x10°° =15032.60

Pz 1 R, = (15.3x10°%) 2 x 15032.6 = 3.52w (1/4w preferred value)
R=V/l; = 23/23x10® = 100000

Pi=1’R, = (23x10%)*10000 = 5.29W (1/4w preferred).

R V/l, = 230/10.45x10° =22009.570

Pi=IR, = (10.45%10%)222009.57 = 2.4W (1/4 preferred)

135 shown 22k0

1 =, = 23072 3x10° = 100,0000
(1/4 preferred)

| =i, (2.3x10°)? 100000 = 0.53W




TWO TRANSISTOR ANALOGY

he figure below represent the tWo transistar ana|
nalogy

A brief discussion on the transistor analogy is given in the literature review.

Here will be concerned with the design in respect to this the following assumpticn

are:

Gain of PNP transistor { ) =0.4
Gain of NPN transistor () =0:5

Gate current (IG) = 5-0mA

13




1-(cAat Ay
=0.5.50*10° =0.025
1- {0.4+0.5) 1-0.9

=0.25 . = 0.25A = 250mA

B ohm's ().
¥ 1.=v/R, = 230/22*10° = 10.45mA

Bp. - 1.2 R = (10.45%107)%.22*10° = 2.4w (1/4w preferred)

5= V/Rs = 230/10%10° = 23mA

=1 R6 = (23*107) . 10%10° = 5.3w (1/4w preferred)
=V/R, 230/100 = 2.3A
=V//Rg = 230/470 = 0.49A

5 = V//R, = 230/33000 = 6.97mA

Pus i Ro = (6.97+107)7 , 33000 = 16w {1/ oreferred).




33 CIRCUIT OPERATION

_ This circuit adopt ;

This Pt a rather olg design technique as its purpose is to vary the
| soeed of a fan related to temperature with 5 minimum parts counting and
avoiding the use of special

Purpose ICs, the complete circuit diagram of

iemperature-controlled fan incorporating all stages used in this project is shown

in fig below.

The AC bridge is used with a thermistor (type TH 3VA 1026) as the sensing

element.

The linear potentiometer (Pi) is adjusted so that the voltage are equal at a
temperature just below the required trigger value, and under this condition TR1
Base and Emitter are at equal voltages and TR1 is cut off. When the thermistor
temperature goes above this value the P1-R1 voltage falls below the value, so TR1

becomes forward biased.

Th-is occur because the whole circuit is supply from the mains supply by means
'of D3-D6 diode bridge without a smoothing capacitor and fixed to 18v by R9 and
zener diode. The capacitor provides a variable phase-delay pulse related to
.Etemperature and synchronous with the main supply “zero voltage” which

Produced minimum switching REI from the SCR-TR1 and TR2 from a trigger device.
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CHPATER FouR
; CONSTRUCTION

nts were use =
- mpone d before the construction of fan control system before the
jon co
nstruction commenced, preferrad values of the discrete components obtained
design were collected and mounted on a bread board for testing

When the complete system was first tested, it was found to be functional.

|
|
l\E components were carefully removed and transferred into a Vero board after

\ich soldering follows.

|
In order to avoid any damage of components, during soldering, bits of
atoes were put on the leads of =ach components to absorb the excessive heat.

bt care should be taken to avoid short circuit of the board after soldering.

LISTED BELOW ARE THE TOGLS USEE DURING THE CONSTRUCTION
| Soldering iron
i Soldering lead
| Sucker
Llong nose pliers

Jumper wires

TESTING:

17




standing fan
ac mains supply

i Thermistor

W Spldering iron

s action is due to behavior of the thermistor due to increase in temperature

gad to the increase in resistance
13 PACKAGING

The packaging of the device need a sequarish type box with little opening
ot hot ventilation due to the heat that develops from the soldering iron to the

thermistor,

44 TYPE OF CASING
A wooden case is safe although metal box is also okay, hut it must be

Mroperly jsolated to prevent contact and avoid shock. Nut the most reliable casing

5 plastic.

18




CHAPTER Fivg

CONCLUSION

The temperature ‘con
trolled fan system was designed to i th
ncreases the

ed of the fan as temperature increase
Widely ranges o
at 100°C.

refore perfo
i performance test carried out according to components
n
fication on th :
gecfication & complete project which shows the positive temperature
| efiicient thermistor as the  sensing elements, indicating the high test

erature that can be obtai ; o o S
g ained is 120°C which is higher than the desired value.

This does not however affect its performance. The design and construction

ofthe system was successful since desired result was obtained.

51 RECOMMENDATION

The following recommendation for further works on this type of project is

necessary:
the thyristor which is silicon

1. For effective operation of this project,

controlled Rectifier most control the power supplied to a load at the out

put of Diode Bridge and used asa switching device to the circuit.

of diode as mention

ceeded.

: : above in chapter two, the
L To prevent over heating

power rating of the diode should not be ex
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2 ZENE

R DIODE:

TYPE

Vmax

400v

BZX 79

18V 500mw




TR1 and R2 BC327

TR3
BC337

SCR

 Thyristor TIC1060
Jode L BZ X7S t
Thetmistor TH TH-3VA 1026 1
(apacitor Cl 10nf
| Resistor Pl 22K '
| Resistor R2 100K |
-‘ Resistor R3,R6 10K '\
| Resistor R4,R5 22K I\
|
Resistor R7 100R 1\

470R

33K



