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ABSTRACT
An automatic temperature based fan seed regulation and digital temperature displéy is
aimed to show the relationship of a physical quantity (temperature in control and feed back
| tvechnique) by incorporating an accurate and acceptable error free electronic temperature
sensor. The device is merely designed around an input temperature sensor (LM35).It is an
integrated circuit with normal transistor-like package that precisely produces an output
voltage of 10mV for every 1°C temperature increment, and directly proportional
relationship. An ADC0804, Analogue to Digital Converter integrated circuit, is needed to
convert the analogue, voltage, from the LM35 temperature sensor into 8-bit code that is fed
into a calibrating logic. . The fan regulation is achieved through the inductive reactance effect of an

inductor in an AC power line.
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CHAPTER ONE

1.0 INTRODUCTION
1.1 HISTORICAL BACKGROUND

The project involves the design and construction of an automatic temperature-
controlled fan regulator. The device is designed to automatically regulate the speed of a fan in
order to moderate room temperature within an acceptable and convenient range. The fan is
automatically switched to blow faster in response to relatively high room temperatures; with
respect to certain preset values. The opposite is the case when the temperature is quite low. It
even goes completely off when the temperature is too low for the room.

Moreover, the control technique merely allows a convenient temperature to be attained

in the room through speed regulation of the fan. The fan can also be controlled manually, if

necessary.

This technology, the device, can be used in a hotel, church, hall, classroom and even,
mere room in keeping the temperature within a convenient range. In fact, it reduces the stress

of manually trying to get the task done.

1.2 SCOPE OF WORK
The main scope of this project is to design a temperature monitoring circuit with digital
display, using a single integrated circuit temperature sensor, which regulates the speed of a fan

based on preset temperature ranges.

13 AIMS AND OBJECTIVES

The main purpose of the project is to demonstrate the application of electronics in
temperature regulation or control. Also, it is aimed to show the relationship between a physical

quantity (temperature) in electronic control and feed-back techniques.




OBJECTIVES

o To make the circuit highly digital
‘e The use of readily available electronic components and materials

e The use of minimum bartg for economic.

e To incorporate an accurate and acceptable error- free electronic temperature sensor.
e To display temperature digitally. | |

o Also, the fan’s speed is displayed on a LED panel.

e To incorporates error reduction logics in order the device’s operation aspectable.

1.4 METHODOLOGY

The device is merely designed around a input temperature sensor (LM35).It is an
integrated circuit with normal transistor-like package that precisely produces an output voltage
of 10mV for every 1°C temperature increment, an directly proportional relationship. That is, a
temperature of 34°C is detected as 34 X 10mV= 340mV or 0.34V at the output of the
temperature sensor. Therefore, the physical quantity, temperature, is electrically recognized
through the sensor.

An ADC0804, Analogue to Digital Converter integrated circuit, is needed to convert
the analogue, voltage, from the LM35 temperature sensor into 8-bit code that is fed into a
calibrating logic. The corresponding result from the latter unit is fed into temperature display
panel and a switching relay circuit which accordingly alter the speed of the fan. The fan
regulation is achieved through the inductive reactance effect of an inductor in an AC power
line. The inductor or transformer is connected in series to the fan and the more the inductance
in the connection the lower the speed of the fan, due to voltage drop across it .At the highest
speed the inductance is zero, and that is, the fan is directly connected to the AC mains.

The speed regulating/switching unit is designed to respond to 27 and lower, 28-31, 32-
35, and above 36°C temperature ranges for OFF, LOW, MEDIUM and HIGH speed control
respectively of the fan. These ranges can be easily altered for different environments. A 3-LED

display panel indicates the speed of the fan.
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1.5 LIMITATIONS

e The project is based on 4-speed control technique in which greater one could
have provide better temperature régulation.

e The use of a single temperature sensor could result to error because the
temperafure around points in the room might vary.

e There is no remote controlled unit.

o The design is not meant for multiple fan control.

(98]




CHAPTER TWO

2.0 LITERATURE REVIEW

As early stated in chapter 1, the project involves a temperature measuring circuit that
controls a fan regulating unit. Therefore, this chapter would embody both temperature and fan

related topics.
2.1 THEORETICAL BACKGROUND

Temperature can be simply defined as the degree of hotness or coldness of a body or
environment (corresponding to its molecular activity) [1]. Temperature is the most often-
measured environmental quantity. This might be expected since most physical, electronic,
chemical, mechanical and biological systems are affected by temperature. Atmospheric
temperature is quite important to human body. Temperature plays an important role in
determining the rate and extent to which chemical reactions occur. This is one reason why the
human body has several elaborate mechanisms for maintaining the temperature at 37 °C, since
temperatures only a few degrees higher can result in harmful reactions with serious
consequences. [2] Temperature can be measured in several ways that centered on one and the

same concept; that temperature causes clear changes on matter.

2.1.2 Thermometer

A thermometer is a device designed for temperature or temperature gradient
measurement, using numerous techniques. The word “thermometer” is derived from two
smaller word fragments: “thermo” from the Greek for heat and “meter” also from Greek,
meaning “to measure”. [3] A thermometer has two important elements, the temperature sensor
or a temperature sensitive element (e.g. the bulb on a mercury thermometer) in which some
physical change occurs with temperature, plus some means of converting this physical change
into 2 value (e.g. the scale on a mercury thermometer). Modern thermometers commonly use

electro iic means to provide temperature information in form of display. In the case of this
4




project, the LM35 integrated circuit and 7-segment display as its temperature sensor and

reading scale respectively. This technique is attributed to a high level of accuracy.

2.1.3 Brief History of Thermometer

Thermometer is a longstanding invention. Galileo passed for the invention of the first
thermometer in the late 1600s. The exact year is not known, but historians estimate that it was
somewhere in 1593. The leading device was a crude temperature-measuring instrument

without no scale and therefore no numerical readings.

In 1665, Christiana Huygens added a scale extending from the freezing point to the
boiling point of water, the original centigrade system. Gabriel Daniel Fahrenheit contributed to
the development of thermometer through a new scale on a mixture of ice and ammonium
chloride as the lower point. He found a new sensing material, mercury, more useful than often
used water, as it expanded and contracted more rapidly. Gabriel Fahrenheit invented the first

reliable mercury thermometer in 1714. The Fahrenheit Temperature Scale is attributed to him.

Moreover, Anders Celsius had a major role in developing another popular scale for
thermometers. In 1742, the Swedish astronomer, reintroduced the centigrade scale into
practice, but despite improvements in design of the thermometer, its use remained largely

neglected until the late 19th century.

Today’s thermometers are made in different ways. The most common is the alcohol or
mercury thermometer. Expansion Thermometers are other kinds of thermometers, they are
usually made of two different metals that expand and contract at different rates when the air
temperature changes. The metals are fused together and wound like a spring. When the
‘temperature changes, the spring either unwinds or winds up. A needle is connected o the

spring and points to the indicated air temperature. [4]

W




Recent advances in thermometer design include digital, electronic direct and predictive,
infra-red ear thermometers, and dot-matrix or phase-change thermometers. These devices are

advanced and built around semiconductor technology.

2.1.4 Silicon Temperature Sensors

Integrated circuit temperature sensors differ significantly from the other types in a
couple of important ways. The first is operating temperature range. A temperature sensor IC
can operate over the nominal IC temperature range of -55°C to +150°C. Some devices go
beyond this range, while others, because of package or cost constraints, operate over a
narrower range. The second major difference is functionality. A silicon temperature sensor is
an integrated circuit, and can therefore include extensive signal processing circuitry within the
same package as the sensor. You don’t need to design cold-junction compensation or
linearization circuits for temperature sensor ICs, and unless you have extremely specialized
system requirements, there is no need to design comparator or ADC circuits to convert their
analog outputs to logic levels or digital codes. Those functions are already built into several

commercial ICs. [5]

22 FAN

A fan is a device used to induce airflow for the purpose of cooling or refreshing an
enclosure or room through the rotation of its blades. Any broad, flat surface waved back-and-
forth will create a small airflow and therefore can be considered a rudimentary fan. A common
form of fan is the ceiling type. It is a device suspended from the ceiling of a room, which
employs hub-mounted rotating paddles to circulate air in order to produce a cooling or

desertification effect. [6]




2.2.1 Brief History of fan

The first recorded fan was mechanical based. It was the punkah fan used in the Middle
East in the 1500s. It had a canvas covered frame that was suspended from the ceiling. Servants,

known as punkah wallahs, pulled a rope connected to the frame to move the fan back and forth.

The Industrial Revolution in the late 1800s introduced belt-driven fans powered by
factory waterwheels. Attaching wooden or metal blades to shafts overhead that were used to
drive the machinery, the first industrial fans were developed. One of the first workable
mechanical fans was built by A.A. Sablukov in 1832. He called his invention, a kind of a
centrifugal fan, an Air Pump. Centrifugal fans were successfully tested inside coal mines and
factories in 1832-1834. When Thomas Edison and Nicola Tesla introduced electrical power in
the late 1800s and early 1900s for the public, the personal electrical fan was introduced.
Between 1882 and 1886, Dr. Schuyler Skaats Wheeler developed the two-bladed desk fan, a
type of personal electric fan. It was commercially marketed by the American firm Crocker &
Curtis Electric Motor Company. In 1882, Philip H. Diehl introduced the electric ceiling fan.
Diehl is considered the father of the modern electric fan. In the late 1800s, electric fans were
used only in commercial establishments or in well-to-do households. Heat-convection fans

fueled by alcohol, oil, or kerosene were common around the turn of the 20th century.

In the 1920s, industrial advances allowed steel to be mass-produced in different shapes,

bringing fan prices down and allowing more homeowners to afford them. [6]

Today, electric fans have been largely replaced by air conditioners in most households

and offices, even though electric fans consume much less energy than air conditioners.

2.2.2 Ceiling Fan

The project is designed for one ceiling ‘an. Although a table fan is intended for test at

the project defense. Based on records, the first ceiling fans appeared in the 1860s and 1870s, in

-y
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the United States. At that time, they were not powered by any form of electric motor. Instead, a
stream of running water was used, in conjunction with a turbine, to drive a system of belts
which would turn the blades of two-blade fan units. These systems could accommodate several

fan units, and so became popular in stores, restaurants, and offices.

The electrically-powered ceiling fan was invented in 1882 by Philip Diehl. Diehl had
engineered the electric motor used in the first Singer sewing machines, and in 1882 adapted
that motor for use in a ceiling-mounted fan. "The Diehl Electric Fan", as it was known,
operated like a common modern-day ceiling fan; each fan had its own self-contained motor

unit, eliminating the need for costly and bulky belt systems. [5]

However, today, the ceiling fan is a house-hold device in many countries, like Nigeria,
notably those with warm climates which could not afford high-energy-consuming devices, like

air conditioner.
2.2.3 Uses of Ceiling fan

Standard ceiling fans can be used in two different ways; that is, most fans have a
mechanism, commonly an electrical switch, for reversing the direction in which the blades

rotate. In Nigeria, such types are rare; most ceiling fans operate in a one direction.

In hot whether, when the fan's direction of rotation is set so that air is blown downward
(typically counter-clockwise. when standing under the fan and looking upwards), the breeze
created by a ceiling fan speeds the evaporation of sweat on human skin, which is experienced
as a cooling effect. This usage of ceiling fan is known in Nigeria. This project enhances the
leading usage of ceiling fan by automatically regulating the speed of a fan with temperature

variation in keeping a room convenient.




In cold whether of a country like United States of America, buildings are usually
heated. In this process, warmer air rises to the ceiling while cooler air sinks to the floor. A
ceiling fan, with its direction of rotation set so that air is drawn upward (typically clockwise),
takes cool air from lower levels in the room and pushes it upward towérds the ceiling. The
warm air, which had naturally risen to the ceiling, is forced out of the way of the incoming cool
air; it travels along the ceiling and do§vn the walls, to lower levels where people in the room

can feel it for convenience.

2.2.4 Methods of Regulating the Speed of a Ceiling Fan
The method or Technology in which a fan is operated depends on its manufacturer,
style, era, and purpose in which it was designed. The method used in the project is not common

and quite a development in speed regulation of fan. Some operating methods are as follow. [6]

2.2.4.1 Pull-chain/pull-cord control

This is the most widely common manual method of operation for household fans. But,
it is quite rare in Nigeria. This style of fan is equipped with a metal-bead chain or cloth cord
which, when pulled, cycles the fan through the operational speed(s) and then back to off. These

fans usually possess three speeds (high, medium, and low. [6]

2.2.4.2 Variable-speed control

This style of control is very common in Nigeria.. It involves a wall-mounted rotary

click-type switch for the infinite-speed dial, providing a set number of speeds (usually five).

(6]
2.2.4.3 Digital control

With this style of control, all of the fan's functions--on/off status, speed, direction of rotation,

and any attached light fixtures--are controlled by a computerized wall control, which typically

9




does not require any special wiring. Instead, it uses the normal house wiring to send coded
electrical pulses to the fan, which decodes and acts on them using a built-in set of electronics.

‘This style of control typically has anywhere from three to six speeds. It is really expensive and

not common. [6]

2.2.4.4 Wireless remote control

The vast development of Electronics allows remote controls to become an affordable
alternative for controlling ceiling fans. The modern hand-held remote transmits infrared signals
to a receiver unit installed in the fan, which interprets and acts on the signals. The users of this

technology enjoy ease in operating their air blowers. [6]

THEORETICAL BACKGROUND

This project is designed around the following block diagram.

i |

TEMPERATURE SENSOR ANALOGUE TO DIGITAL OUTPUT CALIBRATING . DISPLAY UNIT
CONVERTER
L
240V, 50Hz FAN — —— SPEED REGULATION/
SWTCHING UNT
N
+12V ]
Power supply unit Power to circuit

+5V

Fig 2.1 The Block Diagram




2.3.1 Temperature Sensor

Temperature sensor such as the LM35 is an integrated circuit with normal transistor-
like package that precisely produces an output voltage of 10mV for every 1°C temperature
increment; a directly proportional relationship. That is. a temperature of 25°C is detected as 25
X 10mV= 250mV or 0.25V at the output of the temperature sensor. Therefore, the physical

quantity, temperature, is electrically recognized through the sensor in a linear scale.

2.3.2 Analogue to Digital Converter

Analogue to Digital Converter (ADC) integrated circuits are designed to convert an
analogue signal, voltage, to corresponding calibrated code or digital signal. These components
can necessitate the possibility of displaying the temperature at the temperature sensor on a
LED panel. This is achieved through careful calibration of the Analogue to Digital Converter

circuit in-line with the input temperature sensor.
2.3.3 Output calibrating Unit

This is a circuit that contains logical integrated circuits and designed to correctly
display the temperature at the temperature sensor on a display. It also provides temperature
limits or marks. for instance the temperatures at which the speed of the fan is altered, for the

output to respond to.
2.3.4 Speed Regulation/ Switching Unit

This unit consists of relay circuits that receive control signal from the output of the
decoder in switching a particular speed for the fan. The fan regulation is achieved through the
inductive reactance effect of an inductor in an AC power line.

This can be expressed mathematically rom universal equation of Electric motor and

transformers:




E = 4.44k¢f : where E = potential difference in an electric motor

¢= magnetic flux density
f= frequency
k = Number of winding
¢=IL;where L= inductance of the inductor
= current
Also f=Np : where N = angular speed in revolution per second
==> E=444KLINp

N= E
4.44KLINp

From the expression,
N al/L
From the relationship between N and L, it implies angular speed [N] is inversely

proportional to the inductance of an inductor [10].

2.3.5 Display Unit
The display unit is incorporated into the design to make visible any out going digital

information. This unit involves digit counters, decoders, and 7-segment display panel.

24 MAIN COMPONENTS DESCRIPTION

The circuit design involves limited number of components. They are also cheap and
readily available. The involved integrated circuits are CMOS type which makes the circuit low

power consumption and high flexibility. [7]
24.1 LM35

The LM35 series are common precision integrated-circuit temperature sensors, whose

output voltage is linearly proportional to the Celsius (Centigrade) temperature. The LM35 thus
12




has an advantage over linear temperature sensors calibrated in ° Kelvin, as the user is not
required to subtract a large constant voltage from its output to obtain convenient Centigrade
* scaling. The LM35's low output .ir.npedance, linear.:output,’and precise inherent calibration
make interfacing to readout or control circuitry ‘especially easy. It can be used with single
power supplies, or with plus and minus supplies. As it draws only 60mA from its supply, it has
very low self-heating, less than 0.1 °C in still air. The LM35 is rated to 6perate over a 55° to

al50°C temperature range.

The temperature sensor produces an output of 10m°V for every I1C temperature

detected. It possesses a Linear a 10.0 mV/ °C scale factor.

The LM35 series is available packaged in hermetic TO-46 transistor packages, while
the LM35C, LM35CA, and LM35D are also available in the plastic TO-92 transistor package.
The LM35D is also available in an 8-lead surface mount small outline package and a plastic

TO-202 package. The TO-92 transistor casing package is commonly available.

Vin Vout GND

Fig. 2.2 Pin configuration of the LM35 [8]

2.4.2 ADC0804

The ADC0804 is a CMOS 8-bit successive approximation A/D converter which uses a
differentiai potentiometric ladder- similar to the 256R products. This converter is designed to

ailow operation with the NSC800 and INS8080A derivative control bus with TRI-STATEE
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output latches directly driving the data bus. This A/D appears like memory locations or I/O
ports to the microprocessor and no interfacing logic is needed. Differential analog voltage
~ inputs allow increasing the common- mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be adjusted to allow encoding any

smaller analog voltage span to the full 8 bits of resolution. [9]

Features include:

1-Compatible with 8080 Microprocessors

2-Easy interface to all microprocessors, or operates 'stand alone'

3-Differential analog voltage inputs

4-Logic inputs and outputs meet both MOS and TTL voltage level specifications

5-Works with 2.5V (LM336) Voltage Reference

6-On-chip clock generator

7-0V to 5V analog input voltage range with single 5V supply.

8-No zero adjust required.

9-Operates ratiometrically or with 5V DC, 2.5V DC, or analog span adjusted voltage reference.
Although, the integrated circuit is designed for computer and microprocessor interfacing,

the project design allows simple interface with a common 7-segemnt display. In fact, the

integrated circuit is the heart of the altogether circuit.

G- e 201=Vog (OR Vyer)
D—2 19p=CLKR
WR—43 18§=DB0 (LS8}
CLKIN =4 17}=081
[EEs 164=082
Vyl+)—{6 154083
V=) =47 144084
AGND =48 13 {085
Yapr/2=49 12086
06ND~410 1 1}=DB7 (MSB)

Fig. 2.3 Pin Layout of the ADC0804




2.4.2.1 Pin Number Description
1- CS - Chip Select (Active Low)

~ 2-RD - Read (Active Low)
3- WR - Write (Active Low)
4- CLK IN - Clock IN
5-[ INTR - Interrupt (Active Low)
6- Vin+ - Analog Voltage Input
7- Vin- - Analog Voltage Input
8- AGND - Analog Ground
9- Vref/2 - Voltage Reference / 2
10- DGND.- Digital Ground
11- DB7 - Data Bit 7 (MSB)
12-DB6 - Data Bit 6
13- DBS - Data Bit 5
14- DB4 - Data Bit 4
15- DB3 - Data Bit 3
16- DB2 - Data Bit 2
17- DB1 - Data Bit |
18- DBO - Data Bit 0 (LSB)
19- CLKR - Clock Reset

20- Vcc - Positive Supply or Vref

2.4.2.3 40103B

The 40103B is an 8-stage binary synchronous down counter with a single output which

is active when the internal count is zero. The integrated circuit has control inputs for enabling
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or disabling the clock, for clearing the counter to its maximum count, and for presetting the

counter either synchronously or asynchronously. All control inputs and the CARRY-

OUT/ZERO-DETECT OUTPUT ARE ACTIVE-LOW logic. In normal operation, the counter
is ci'ecfémented by one count on each positive transition of the CLOCK. Counting is inhibited
when the CARRY-I"N/COUNTER-ENABLE (CI/CE) input is high. The CARRY OUT/ZERO-

DECTECTOR (CO/ZD) output goes low When the count reaches zero if the CI/CE input is

low, and remains low for one full clock period.

When the SYNCHRONOUS PRESET ENABLE (SPE) input is low, data at the JAM
input is clocked into the counter on the next clock regardless of the state of the CI/CE input.
When the ASYNCHRONOUS PRESET-ENABLE (APE) input is low, data at the JAM inputs
is asynchronously forced into the counter regardless of the state of the SPE, CI/CE, or CLOCK
inputs. JAM inputs JO-J7 represent single 8-bit binary word. When the CLEAR input is low,

the counter is asynchronously cleared to its maximum count binary code 255. [9]

If all control inputs except CI/CE are high at the time of zero count, the counters will jump to
the maximum count, giving a counting sequence of 256 clock pulses long. This causes the

CO/ZD output to go low to enable the clock on each succeeding clock pulse.

1 16
CLOCK e w— /DD

2 15

CLEAR —3— = SYNCHRONOUS PRESET
14

COUNTER ENABLE"4— === CARRY OUT/ZERO DETECTOR

13
5| 401038 |,
6 11
7 1
8 9

GND —— w——  ASYNCHRONOUS PRESET

Fig. 2.4 Pin configuration of the 40103B




2.4.2.4 4081B

The 4081B is also a CMOS integrated circuit consisting of four independent 2-input AND

© gates.
4081B

14-VvDD
7-GND

Fig. 2.5 Pin configuration of the 4081B [9]

2.4.2.54069B

The 4069B is also a CMOS integrated circuit consisting of six independent NOT gates.

40698

1" 10

%VTV%V

13- +12

14VDD
7-GND

Fig. 2.6 Pin configuration of the 4069B
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2.4.2.6 4518B

The 4518b integrated circuit is a dual BCD 4-stage up-counter. The counter stages are
thype flip-flops having interchangeable CLOCK and ENALE lines for increment.ing' on either
the positive-going or negative-going transition. For single-unit operation the ENABLE input is
maintained high and the counter advances on each positive-going transition of the CLOCK.
The counters are cleared by high levels on their RESET lines. The counter can be cascaded in
the ripple mode by connecting Q4 to the enable input of the subsequent counter while the
CLOCK input of the latter is held low. This integrated circuit is used for multistage

synchronous counting, multistage ripple counting, and frequency dividers. [8]

2(8 8z} 'EHE
EEBE YRR
45138 45188
: 53  § 3
2] 2la| NEE
16vDD
8-GND

Fig. 2.7 Pin configuration of the 4518B
2.4.2.7 4511B
The 4511B is a monolithic CMOS integrated circuit available in 16-lead dual in-line
plastic or ceramic package and plastic micro packagé. [t is a BCD-to-7-segment latch decoder
drivers constructed with COS/MOS logic and n-p-n bipolar transistor output devices on a
single monolithic structure. This device combines the low quiescent power dissipation and
high noise immunity features of COS/MOS with n-p-n bipolar output transistors capable of

sourcing up to 25 mA. This capability allows the 4511B to drive LED’s and other displays
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directly. Lamp Test (LT), Blanking (BL). and Latch Enable or Strobe inputs are provided to

test the display, shut off or intensity-modulate it, and store or strobe a BCD code, respectively.

(8]
z|a|2|s|=]8]o]
(= v T v a ©
4 BT
3 4511B :
e - 16-VDD
LT 8-GND
E au o<
S 8 aaoca
PN
Fig. 2.8 Pin configuration of the 4511B
LE Bl LT |D ¢ B A f{a b <o d e f g Display
% ) 0 4 x X < 1 1 1 1 3 1 1 8
X ) 1 £ X % x |o e o9 o a9 o© D Slank
a 1 El i} C J c 1 1 1 1 E 1 o] a
0 1 1 ) o 2 1 t+ 1 a o o 0 1
2 1 1 o o 1 c | t @ 1 t 0 1 2
2 ¥ L] 4] [} 1 1 1 1 1 i 0 c 1 3
2 1 1 a 1 ) c jo t+ 1 o o 1 1 4
2 1 1 3 1 ] 1 1 o 1 1 o 1 1 5
a 1 1 ] 1 1 c 2 c 1 1 1 t 1 6
a 1 1 3 1 1 1 1 1 i J 0 c 2 7
3 ) - 1 c 2 c | 1 11 1 1 g
2 1 “ 1 5] 2 i 1 1 1 J 1 1 g
2 1 1 C 1 c o ¢ a a9 o ¢ g Slank
] 1| 1 [ 1 1+ g © a4 a2 o o ) Slank
2 1| 1 1 3 ¢c jo ¢ o a3 o o ) Slank
2 T ] 3 1 1 ) 1 8 c a ] o] G ] Slank
a 1 1 1 1 c {oa o a a2 o @ ) Slank
2 1 1 1 1 1 o ¢ 3 a2 o ¢ ) Slank
1 1 X A X X 5 2
Truth table of the 4511B [8]
2.4.2.34017B

The 4017B is a CMOS decade counter with ten outputs. It is designed to give a positive

pulse or output at each of the output pins- in turn. So the first output pin will give an output
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signal and switch off, followed by the second and so on. In order to do this pin 14 has to be

provided with an astable signal or clock signal. Pins 15, 13, and 12 are reset, clock enable, and

carry out. {8}

2.4.2.9 4060B
The 4060 is a high speed CMOS 14- STAGE BINARY COUNTER/OSCILLATOR

fabricated in silicon gate C2MOS technology. The oscillator configuration allows design of
either RC or crystal oscillator circuits. A high level on the CLEAR accomplishes the reset
function, i.e. all counter outputs are made low and the oscillator is disabled. A negative
transition on the clock input increments the counter. Ten kinds of divided output are provided;
4 to 10 and 12 to 14 stage inclusive. The maximum division available at Q12 is 1/16384 f
oscillator. The @1 input and the CLEAR input are equipped with protection circuits against

static discharge and transient excess voltage.

40608B
03 H—
o4 o—
05 B—
06 o—
07 4
o8 -
09 K&
011 p—
012 pa—
013 |=—
22] v
cre -
Ll gs RTC 4O
16-VDD
8-GND

Fig. 2.9 Pin configuration of the 4060B

PIN No SYMBOL | NAME AND FUNCTION
1. 2.3 Q12 to Q14 | Counter Outputs
7.5.4.6, | C4t0Q10 | Counter Outputs
14, 13,15
9 80 External Capacitor
Connection
10 80 External Resistor
Connection
11 al Clock Input/Oscillator Pin
12 | CLEAR Master Reset
8 ‘ GND Ground (QV)
16 : Yoo Positive Supply “oltage

Pin assignment of 4060B [9]




From the manufacturer’s data sheet the main frequency ( f,) output of the integrated

circuit before division is given by:
=
23R, -Ce

While the value of resistor RS must be satisfied by the following relationship:

10R,. > Ry > 2R,

The frequency of a particular output terminal is given as follows:

J
2x

x  isthe output number mark.

Fox =

2.4.2.10 40174B

The 40174B is a CMOS integrated circuit consisting of six identical D type flip-flop
having independent DATA inputs. The Clock and CLEAR (pins 9and 1 respectively) inputs
are common to all six units. Data is transferred to the Q outputs on the positive-going transition

of the clock pulse. All six flip-flops are simultaneously reset by a low level on the CLEAR

e 40174B

= o o0 k—
A ol o b—
- o2 H—
L1 3 03 L
131 g Y A
141 ps 05 ==
2 becp
—4q ~vr

16- VDD

8- GND

Fig. 2.10 Pin assignment of 40174B




TRUTH TABLE FOR 1 OF 6 FLIP.FLOPS

INPU QUTPUT

CLOCK DATA | CLEAR Q
1 o 1 )
-— 1 1 1
N % 1 NC

x X o 0
1 = High Level X = Don't Care
0 = Low Level NC = No Change

Truth table of the 40174B

2.4.2.11 2SC945 Transistor

The 2SC945 is a very common general purpose NPN transistor with an average current

gain of 120 and maximum collector current of 100mV.It serves applications such as switching

and audio amplifier. [9]

2SC945

Fig. 2.11 Pin configuration of the 2SC945
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CHAPTER THREE
3.0 CIRCUIT DESIGN ANALYSIS

The Circuit Design Analysis embodies the followin_g parts:
e Power unit
e Temperature sensing unit
e Analogue to Digital Converter unit
e Output calibrating unit
e Display unit

e Speed regulating/switching unit
3.1 POWER UNIT

The power unit consist of a 24V step-down transformer power supply and it is
designed to provide both 5 and 12 regulated voltages using 7805 and 7812 positive voltage
regulator respectively. The 5V supplies power for almost all the units of the circuit exept the
relay circuit which depends on 12V power supply.

The power circuit set-up is quite simple and centered on bridge rectifier type. The 24V
from the step-down transformer is converted from AC to DC and then filtered through a large
capacitor (2200uF) for smoothening before connecting to the two voltage regulators which

provide the necessary voltages. The involved transformer rating is 24V 500mA. The circuit can
power =VI
power =12x500x107°

delivered power of about:

power = 6W
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12v

24V STEP-DOWN

. 12v 5v
power VOLTAGE VOLTAGE ,
TRANSFORMER swiTcy ~ REGULATOR REGULATOR
T Vin Vout Vin Vout
Y ‘ o——1 7812 » 7805
LIVE ‘
i GND GND
70
AC MAINS ;
BRIDGE e "
RECTIFIER Z22000F-3V | =
ELTRAL o T 4TuF-16V 47uF-1svT

Fig3.1 The power unit

3.2 TEMPERATURE SENSING UNIT

As early stated, this unit serves as the main input of the altogether circuit. The active

device is the LM335 linear temperature sensor. It is designed to convert temperature, a physical

quantity, into analogue electronic form which is of great importance to the other part of the

circuit.
Vin Vout
1 T LM35 ’ T
GND
INPUT VOLTAGE OQUTPUT VOLTAGE
(5V) (10mV for every 1°C)

s

Fig 3.2 Temperature sensor Circuit

The above circuit shows the voltage connection of the temperature sensor. It is supplied
with a 5V.The output produces 10mV for every 1°C temperature (10.0 mV/ °C scale factor)
detected by the sensor. The terminal is connected to pin6 of the ADC0804.

3.3 ANALOGUE TO DIGITAL CONVERTER (ADC)

The voltage output of the temperature sensor is needed in corresponding digital format

for control and display uses. The Analogue to Digital converter does the leading task.
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The converter requires the circuit below with respect to its manufacturer’s datasheet.
Pin 6 of the integrated circuit is connected to pin 3 of the temperature sensor. Pins
11,12,13,14,15,16,17 and 18 serve as 8-bit output of the device. Pins 4 and 19 are connected to

a RC circuit for internal clocking or timing.

5V (+) POWER SUPPLY

§10k9 1] 0

{ 2] I G-
3 18
4 17

- 8-BIT BINARY CODE
2 16 OUTPUT

TO 6 | ADC0O804 |15

TEMPERATURE 7 14 A
SENSOR 1 8[| 13
_._150pF QH 12
10 11

Fig 3.3 The Analogue to Digital Converter circuit
The RC circuit consists of a 10K and a 150pF resistor and capacitor respectively.

The internal clocking of process in the ADC is given as:

T 10x10°x150x10 "2

f =666.TKH:

T =1.5us

The result above shows that the Analogue to Digital Converter operates at a very high

speed in the conversion of analogue signal to digital form.
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The ADC is set to a resolution of 10mV/bit, which signifies that its output code is
incremented by a digit one for every 10mV.This process allows for direct conversion of the
analogue output from the temperature sensor into digital. This is because the two devices are in

tune to one and ;che same resolution.
S

The table below shows the relationship between corresponding temperature, voltage, and code

as concern with the analysis so far.

TEMPERATURE VOLTAGE
(°C) (mV) 8-BIT BINARY CODE
10mV/°C
0 0 00000000
3 30 00000000
28 280 00000000
45 450 00000000

Temperature-voltage-code table 1

The final output is in binary and cannot be used directly for display and control application.

Therefore, an output calibrating unit is required to make the output more useful for the aim of

the project.

3.4 OUTPUT CALIBRATING UNIT

This unit is designed to work along side with the display unit in converting the 8-bit

binary coded output from the ADC into decade form or basel0 number format for display
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purpose. The unit consists of a control oscillator that reduces the sampling response or speed of
the unit with respect to that of the ADC. The reduction of data conversion speed is needed to
minimize switching error. It is very obvious that at relatively higher conversation speed, the

fan speed regulation would not be stable.

4 | 16 ,_
5] 2 .
6 14 V
to 7 3
binary coded output 10| 40103B |5
of the ADC804 |
11) H5
12 Ls
13
*? control gate
4081BP_5V
1T
12 A
_L—_ B 4081BP_5V
= =5
11 s 4060B 6
10 5 t
i, ]
9
Display unit

100k < 33k 0.001uF control oscillator
to

Speed regulating/switching
unit

Fig3.4 The output calibrating unit
The 40103B 8-bit down binary counter is the heart of the unit. It possesses eight inputs
that are connected to the corresponding digital outputs of the ADC. The integrated circuit
operates with an AND-NOT gate circuit that connects the unit to the display side of the

altogether circuit.

This unit simply allows the processed temperature information to be displayed on a
seven segment display panel which uses 4-bit decade format. The table below shows the

relationship between the temperatures at the sensor, corresponding voltage outputs from the

sensor, corresponding 8-bit binary codes from the Analogue to Digital Converter (ADC), and

the final result of the output calibrating unit (two 4-bit decade code at the 7-segment display).




TEMPERATURE VOLTAGE

& m 8-BIT BINARY CODE

e W 4-BIT DECADE CODE
' 10mV/°C

-0 0 00000000 0000 - 0000

3 30 00000000 0000 0011

28 280 00000000 0010 1000

45 450 00000000 0100 0101

Temperature-voltage-code table 2s

3.4.1 Control Oscillator

The control oscillator consists of two operational frequency outputs from pins 1 and
2.The first signal serves the output calibrating unit, while the other is used for manual fan

speed regulation or switching.

Using the early stited formula in chapter 2, related to 4060B frequency outputs, the
leading two frequencies can be calculated as follows:

R, =33KQ

Cpe =0.001uF

Ry =100KQ

1

In=33m.C




1

= =131752F&
I 2.3%x33x10° x0.001x107°

£, ~13.2KFE

Output frequency from pin | whose O value is 12, of the 4060B integrated circuit is

given below:

fm

f012 = 712

13200 .
fOI2= 512 =3.2Hz
forz =32 Hz

1 1
T = = —=0.31s
e f()|2 3'2
Ty, = 0.315s

Output frequency from pin 3 whose Q value is 13, of the 4060B integrated circuit is

given below:

b

f013 = 713

13200
f013=——T—'=1.6HZ

2
fois =1.6Hz

1 1
T =——=—=0.625
S f()|3 16 ’
Ty,; =0.6255




3.5 DISPLAY UNIT

The display unit is merely deigned to show the temperature at the sensor on a 7-
segment display. This unit consists of two.cascaded 4518B BCD counters, two BCD to 7-
segment decoders, and two 7-segment common cathode displays. The components are
connected in a conventional manner using current limiting resistors to drop suitable voltage at

each segment of the involved displays. The display unit has a maximum count of 99.

TEMPERATURE DISPLAY

cc .-. _[9cc ‘

; J> RR1 é;é iRRZ
[ > 1
b | CURRENT
' -I- _ LIMITING
X '2!:: slzlela] 2200Hms-ALL mlaln|]z]2]a RESISTORS
'T- gl o o|ulao 1 T alwlo/oiu o|m —:
| | | i | |
| 1 ! RN ||
| | |
4 g1 4 g !
3 | 45118 = - 46118 f
o o !
‘ T | ; , . DISPLAY
V+ |5 8/8[8/& @ sve! 5| g/g agg  DECODERS
= ||z l l‘,‘
| gy ag 3338
, tt 21212/8
o
1
2 45188 45188
BNl
|6 :
S z | [T |
- 5 & d 5 §
" 01 T» - AN
= S N N -
i DISPLAY UNIT 5v+._]

Fig.3.5 Display Unit

The table below shows ! :orresponding display for temperature some inputs.
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TEMPERATURE VOLTAGE
Corresponding
(°C) (mV) 8-BIT
BINARY 4-BIT TEMPERATURE
10mV/°C CODE DECADE DISPLAY
CODE

0 0 00000000 | 0000 0000 0
3 30 00000000 | 0000 0011 3
28 280 00000000 | 0010 1000 28
45 450 00000000 | 0100 0101 45

3.6 FAN SPEED REGULATING/SWITCHING UNIT

This unit allows the digital information from the temperature sensor to be used in
regulating and controlling the speed of a fan. It is designed to respond to 27 and lower, 28-3 1,
32-35, and above 36°C temperature ranges for OFF, LOW, MEDIUM and HIGH speed control
respectively at the fan. These ranges can be easily altered for different environments. A 3-LED
display panel is incorporated into the circuit to show the speed of the fan.

The diagram below shows the elements of the unit which is sub-divided into the
following smaller parts for better understanding of its whole operation:

Stepper A/latch circuit,

Switching transistor/relay circuit,

Speed indicator circuit,

Stepper B manual control, and Speed Regulation Transformer




)
a
AC . ot 221 2k
"E 1o the cther parts
250045 ofth crcut
250845

Il
== e

Q2221
250945
250345
RELAY 2
—o
Q3 221
: \ l l
WE
290345

RELAY 3 12V

s

=

TRANSFORMER

-
D1748P 5V

CONTRoL 2utomatic

SELECTOR
PRSSEE

= manual

FFFFT nn

Fig3.6 The speed regulating unit

3.6.1 Stepper A/latch circuit

The unit consists of a stepper As/latch circuit that allows temperature-digital signal
from the output calibrating unit to be used for setting the switching ranges of the speed
regulator. The stepper is a 4017B integrated circuit. It processes the signal from the output
calibrating unit through logical division which allows the ranges to be set.

The latch (40174B) serves like a memory which holds the initial result from the stepper
before a new one is processed and stored. The main technical importance of the device is to
fetch result from a high speed process at the stepper A-output calibrating unit circuit. There are
three outputs from the latch. They are used for switching transistors of the output relays, which

are connected to the speed regulation transformer or inductor.

3.6.2 Switching transistor/relay circuit

This circuit is designed to receive control signal from the latch in switching the
corresponding relays. There are three relays which are controlled by three corresponding

2SC945 NPN transistors.




5V+

A SPEED h‘
INDICATOR

‘_ =
‘.—
1ka
2.2k
:F A
25C945 the 40174B latch

Fig3.7 A single Switching transistor/relay circuit

12V+

400 ohms
(Relay)

» Rb 5V (+) switching signal
AN
2SC945 the 40174B latch

—_J‘_—

Fig.3.8 Speed Display
The circuit analysis
The transistor circuit switches the relay on whenever the corresponding control output
of the latch is logical 1 or positive 5V. Reverse is the case whenever the leading output goes

low. The relay has a load of 400Q.




Considering the ON state of the 2SC945 transistor of 120 current gain (hfe),

_ Ve
€400
I =22 =30mA
400
1. =30mA
[
Ib i
hfe
1, =29 _03ma
120
I, =0.3mA
Rb ='5—K=——5—_3'=166KQ
[, 03x10

This calculated base resistance would not be appropriate for the base due to reasonable

voltage drop at the output of latch. It is practically realized that 2.2KQ resistor is quite suitable
for the switching of the transistor. From the circuit diagram, the negative poles at the emitters
of the transistors are switched by the mode control or control selector switch for enabling and
disenabling automatic temperature control of speed regulation.
3.6.3 Speed indicator circuit

This circuit consists of a Light Emitting Diode (LED) and a resistor. It is connected to

the collector of each relay switching transistor, for showing their on state in speed regulation of

the output fan.

2.7v

|

Fig3.9 A single speed indicator Circuit
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drop across the LED.
Therefore.
I =3mA
v,
R, = _RL
o
5-23
© o 3x10 (Equations from ohms law)
R, =900Q2

A 1000Q resistor is more practically preferable due to availability.

3.6.4 Stepper B manual control

The LED is rated 2.3V at 3mA.The series resistor is needed to cause suitable voltage

Stepper B is also a 4017B integrated circuit. It is designed for manually selecting or

controlling the speed regulation. To activate this operation, the control mode or selection

switch must be at “manual”.

2.2k
25C945
b i p— J
M 1
to pin3 of the sl . 2
control oscillator '-L i o T 2.2ka
o ==
L e —
manual 1a O 25C945
nutton <timea olds
4017BP_SV
2.2k
25C945

Fig3.10 "7 he stepper B Manual controi circuit
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From the above circuit diagram, note that ,whenever the manual switch is pressed the

low or slow pulse from pin 3 of the oscillator is fed into pin 14 (clock) of the 4017B (the
stepper B).Logical one is moved or stepped across pins 3, 2, 4, and 7 of the integrated circuit.
These pins switch on corresponding transistors which are connected to the output speed

regulation transformer or inductor for selecting a particular speed for the fan.

Moreover. the mode selector/modle control switch is simply designed one of two sets of
three transistors through their emitters to control speed regulation of a connected fan through

the temperature control technique or manually by pressing the manual control switch or button.
3.6.5 Speed Regulation Transformer

The operation of this transformer is centered on the inductive reactance of an inductor

in an AC circuit.

Fig 3.11 An inductive AC circuit




X, =oL=2rfL
VL=IX/YL

V=V, 4V

In the diagram and equations above, the more the series inductance the lower is I (the current

flowing in the circuit)the higher is Vi and lower is VM (the voltage across the load).

The speed regulation transformer is merely a series tapped inductor which is connected
in series with the fan (load).A particular tap is selected on the inductor by the relay to put a

particular inductive reactance in series with the fan so as to causes reasonable drop in voltage

and speed.
SW 1
7 o I
L2 SwW 2 ®
SPEED I
REGULATION A
TRANSFORMER
SW 3
L1 ~ VM
X L =wlL o—

AC
LIVE
(o e
NEUTRAL
AC
o/
Vs

Fig.3.12 Simplified speed regulation circuit

Switches SW1, SW2, and SW3 represent switching relays-in which only one of them is
switched on at a particular time. Whenever the three switches are off or unselected, [ and Vm

are zero, the fan is off. When only S\W1 is on. L2 is put in series with the fan. The inductive




reactance of the inductor produces a Vu lower than Vs (which ought to be 220V) due to

reduced current flow.

Moreover, when only SW2 is selected, L1 is put in series with the fan. It is quite

obvious that L1 is greater than L2.Th.rofore; a lower inductive reactance is in the circuit as

compare to the early case. Now, [ and Vi are relatively higher and resulting into increase in the

speed of the fan. Switch SW3 provides the highest speed for the fan. In this case, the fan is
connected directly to the AC mains (Vv= Vs) with zero series inductive reactance. The load

can be a ceiling or standing fan. The full test is described in the following chapter.
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CHAPTER FOUR

40 CONSTRUCTION, TESTING AND DISCUSSION OF RESULTS

4.1 CIRCUIT CONSTRUCTION

This part of the project involved practical exercise of converting the circuit diagram on
the paper into a real working hardware. The first part entailed verifying the workability of
some parts and components of the involved circuit on the bread board. It was a temporary
circuit connection.

The main construction was done on a Vero board. The involved electronic components
were carefully connected together under the guide of the circuit diagram. The breaking down
of the complete circuit during the design analysis, in the early chapter, was of great importance
in the construction. Each unit circuit was executed one after the other. After which all the units
were joined together as a single working construction.

The power supply unit was quite delicate during the construction- it was made with
great care. After the complete construction, the power unit was properly checked for short
circuit and unwanted bridges.

The circuit’s construction involves the following materials and tools:-

= Soldering iron

» Soldering lead

= Jumper wires

= [ntegrated circuit sockets
= Cutting knife

= Razor blade

= Pliers

= Pair of Scissor

* Digital multimetre
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4.1.1 Casing Construction

The casing of the project was made with cheap plastic material. The choice of the

material alldwed holes and openings, for external parts of the circuit, to be easily made on the

casing.

to AC MAINS SUPPLY PLUG
OF THE FAN

MODE CONTROL/SELECT |

SWITCH \BJ P, TEM;ES&T)!;RE

MANAUL CONTROL / ™~
BUTTON TEMPERATURE
DISPLAY
77 ™ SPEED
77 INDICATORS
TO AC MAINS
Fig.4.1 The casing
4.2 TESTING

The diagrams below show the test set-up and test materials for the project.

MODE CONTROL/SELECT H | | |* !
I 123 == TEMPERATURE
S J 000 | | I_ | ~~ SENSOR

S i o '—s_*<-\
MANAUL CONTROL / e
BUTTON TEMPERATURE
DISPLAY

:.D 77 ™ SPEED
I INDICATORS

TO AC MAINS

— Rt T

Fig. 4.2 Testing
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TEMPERATURE

COLD PACKAGE
@/ SENSOR WATER
- o ;

WARM SOLDERING IRON

Figure 4.3 Testing Process

Firstly, the device was plugged to the AC mains. The temperature reading showed error
reading after about 10 seconds the acute temperature of the room was correctly shown on the
display. The temperature reading was 29°C.The mode control or select switch made pushed up
for automatic control. The second Light Emitting Diode (LED) of the speed indicator was ON.
The speed of the fan was moderate.

A warm soldering iron was placed close to the temperature sensor. The temperature
display/reading did not respond quickly to the change. It took some time before the
temperature reading increased to about 31 then 39 and higher to 48°C or a little beyond. At that
moment the second LED of the speed indicator was OFF and the third went ON. The fan was
very fast as compare to the initial speed. The soldering iron was taken away from the

temperature sensor. The temperature was watched to reduce gradually.
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As the temperature was dropping close and around 36°C, the second and third LEDs of

the speed selector interchanged giving a corresponding speed alteration of the fan. The speed
was set at the middle around 32°C temperature reading.

Moreover, as the terﬁperature was dropping below 32°C, the first and second LEDs of

the speed selector interchanged giving a corresponding speed alteration' of the fan. The .speed
was set at the lowest around 28°C temperature reading.
When the cold water was place close to the temperature sensor in reducing it temperature far
below 28°C, the device slowly responded in switching off the fan. At that moment all the
LED:s of the speed indicator went completely off.

In addition, the manual control button was tested by pressing the mode control switch

down to “manual”. The speed of the fan altered as the manual button was hold pressed. The

speed indicator showed the changes.

4.3 RESULT DISCUSSION

The testing went according to the aims of the work. The temperature ranges for
regulating the speed of the fan were successfully established. The temperature response is
made quite slow to remove switching errors of the involved relays. Even, in reality, ;he
temperature of a normal environment increases and decreases quite slowly. Therefore, during
the test, the slow response of the device to temperature changes would be unnoticed in a real
situation because the temperature changes would not be rapid like the ones caused by the

soldering iron and the cold package water.
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CHAPTER FIVE

50 CONCLUSION AND RECOMMENDATIONS

51 CONCLUSION

The project simply and successfully demonstrated the significance o'f modern integrated
circuits or generally electronics in control. The project shows that temperature éan be used to
alter the speed of a fan so as to regulate the temperature of a room.

The project really exposed me to the actual applications of electronic components.
Moreover, due to the simplicity of the involved design, the project can be easily modified into

full scale commercial production at an economical cost.

52 RECOMMENDATIONS

1) The project could be designed to control multiple fans (loads).

2) Semiconductor switching devices such as Silicon controlled rectifier (SCR) could be
use instead of the relay.

3) A Remote control feature could be added to the design

4) More compact and advance integrated circuits could replace the ones in use for better
performance.

5) Greater switching speeds could be used instead of three for better temperature control.

6) An alarm could be incorporated into the design to alert for unusual high temperature-

serving like a fire alarm.
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