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ABSTRACT

This project introduces a Pulse Width Modulation (PWM) Smart Fan Controller designed
for precise thermal regulation. Employing an Arduino Uno microcontroller and a LM35
temperature sensor, the system dynamically adjusts the speed of a PWM-compatible fan
based on ambient temperature. The implementation prioritizes energy efficiency and noise
reduction. Additionally, the project explores the integration of smart features, such as
remote control and loT capabilities, enhancing user accessibility. Preliminary testing
confirms the system's effectiveness in maintaining optimal temperatures while

minimizing energy consumption. This research contributes to energy-efficient cooling

solutions, showcasing potential applications in various environments.

Keyword: PWM, Smart Fan Controller, Arduino Uno, Temperature Sensor,

Energy Efficiency, IoT, Thermal Regulation.
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Chapter 1: Project Overview

1.1 Introduction:

The PWM Smart Fan Controller is designed to provide an intelligent solution for regulating fan

speed based on the ambient temperature. Pulse Width Modulation (PWM) is emploved to finely
control the speed of the fan, optimizing cooling performance

and energy efficiency. The software
comprises modules for PWM control, temperature reading

- and fan speed adjustment algorithms

1.2 Objectives And Scope:
1.2.1 Objectives:

I. Create a PWM-based fan controller for precise speed modulation

2. Implement temperature-based fan speed control to enhance cooline efficiency.

- Integrate smart features for user convenience and additional tunctionality

1.2.2 Scope:

This project caters to electronics enthusiasts and hobbyists interested in building a versatile and

intelligent fan controller. The design is scalable. allow ing adaptation for various applications where

temperature-sensitive fan control is beneficial.

1.3 Project Features:

Integrate additional features based on user requirements, such as remote control or 1ot capabilities. 5

|
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14 Feasibility: :
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A PWM Smart Fan Controlle project appears technically feasible, especially given the i
availability of components and the support for Arduino development. The economic feasimlity f

's generally favorable, as the components are relatively inexpensive. Operational and schedule
feasibility will depend on factors fike user-friendliness and the project’s time constraints

1.5 System Requirements:

1.5.1 Hardware Requirements:

1 Microcontroller

2. Temperature Sensor
3.PWM-Compatible Fan

4.NPN Transistor or Motor Drive

5. Wiring and Breadboard
1.5.2 Software Requirements:
I. Arduino DL

2. Arduino Libraries

3.Programming Skills




Chapter 2: Literature Review

2.1 PWM Control in Fan Systems:
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Pulse Width Modulation (PWM) control enables

you to externally control the speed of the fan by
varying the duy cycl

input signals between control

optimally in response to the device's heat le
PoOwer consumption of the syste

es of PWM

and grounding terminals.
It allows fans (o operate

vel. lowering the noise and
m.
PWM is used 1o control motors o o power LEDs. The main reason for using P

allows for controlling the average amount of power delivered to

WM is that it

a load or the output. They are also
used for voltage re

culation and modulation in Communications.

ey

22 Temperaturc-Based Fan Control:

The Temperature based fan speed controller system h

as a wide range of
fields. This System can be used i Store Room, Sery oy

applications jp, different

Room, Induslr_n and laboratory. as well as jt
can be used in oyr Room and Offices. This system is very useful for that closed places Where we
need to constant the tlemperature,

the machines are

For example,
running and produce heat which increases the ro

can be damaged. By using the

in the server room, Cl)minuously
his high temperature Machines
ed controller system we
and protect our machines from damage.

This system me
temperature and controls the fan speed to maintain the temper

speed according to the room temper

Om temperature. [y {

lemperature based fan spe

can control (he
room temperature

asures the surround ing

ature. This device

controls the fan
ature. Whenever the room temper

ature is increased. the fan speed

is also increasing Automatically. And when the lemperature is decreased, the fan speed

also

decreased automatically. In this way. this system controls the temperature.

2.3 Microcontroller-Based Fan Control:

\\\\d“ g (\\(‘_ \e\\\‘)c‘ ature sensor
y 'R A NS
OUSl readS lelllpelmllle h(l" Surro

ctrical value. This is analog value
erature to electrical value.

nverts the sensed temp

acts as a transducer and co

ANV Iy
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which s apphed to the ADC pin of the microcontroller

> ) ] ain is given to the
Mic rocontrollers |\|.|\ nven ""P"l‘lulll role in the ||‘.\(‘|”|‘““ ot of the smart systems as br g

: » be oduced daily. A
system: Microcontrollers have become the heart of the new technologies that are being ntr

, of machines and
microcontrotler is mainly a single chip microprocessor sl d for control and automation of ma

: . ¢ y out automated tasks in a
processes Today, microcontrollers are used in many disciplines of life for carrying o

More accurate manner

2.4 Smart Fan Controllers:

; fan 5 spee ime s S s. Make
The smart fan controller enables you to adjust the fan 5 speed and time schedule settings. Ma

your life easier and more convenient.

Fan speed controllers are used to control the speed of various kinds of electric fans. including

centrifugal fans. extractor fans. propeller fans and axial fans lhey increase or decrease fan speeds
to reduce wear and tear on equipment. cut noise levels and save energy. Some models are vanable.
adjusting speed dynamically according to the situation. while others offer a set number of availablc
speeds. An infinitelv variable model can be fully adjusted without limitation between 0 and 100

per cent

2.5 Sensor Technologies for Temperature Measurement:

Some applications. such as equipment used to create life-saving medications, require

temperature sensors to be responsive and accurate for critical quality control: however. some
applications. like the thermometer in vour car. don’t require as accurate Or responsive sensors
The four most common types of temperature sensors. ranging in responsiveness and accuracy

from high to low are:

+ Negative Temperature Coefficient (NTC) Thermistors:

A thermistor is a thermally sensitive resistor that exhibits a continuous, small.

incremental change in resistance correlated to variations in temperature

« Resistance Temperature Detectors (RTDs):
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A resistance temperature detector, or RTD, changes the resistance of the RTD clement
with temperature. An RTD consists of a film or, for greater accuracy, a Wire wrapped

around a ceramic or glass core

* Thermocouples:

A thermocouple ¢ res of diff '

.lunmwu]\k consists of two wires of different metals electrically bonded at two
points. The varyi age ¢ issimi
I The varying voltage created between these two dissimilar metals reflects
proportional changes in temperature.

*  Semiconductor-Based Sensors:

A semiconductor-based temperature sensor is usually incorporated into
Integrated circuits (1Cs). These sensors utilize two identical diodes with
temperature-sensitive voltage vs current characteristics that are used to
monitor changes in temperature.

2.6 Power Electronics in Fan Systems:

The increasing focus on electrification for a cleaner environment has fueled the need for electric
power in different forms. Power electronics is the branch of electrical engineering that deals with
the processing of high voltages and currents to deliver power that supports a variety of needs
From household electronics to equipment in space applications, these areas all need stable and

reliable electric power with the desired specifications. Power supply in one form is processed

using power semiconductor switches and control mechanisms to another form, supplying a
regulated and controlled power. Wiile swiiched-mode power supplies are a common appiicaton
of power electronics where power density, reliability, and efficiency are of prime importance,
motor control is gearing up with more electrification in transportation systems. Precise control and
efficiency are key characteristics for power control applications. The study of power electronics 1s
thus multidisciplinary, involving semiconductor physics, electrical motors, mechanical actuators.

electromagnetic devices, control systems, and so on.
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Chapter 3: Project Architecture and Technologies

31 Software Used :

1. Tinker-Cad :

For Ardiuno simulator TinkerCad is used to make circuits as well as working model

2. Ardiuno IDE:

Ardiuno IDE is used to connect the software components to the hardware components

3.2 Hardware Used:
This project uses many different hardware components

1. NPN-Transistor (BJT):
The NPN (Negative-Positive-Nezative) transistor is a semiconductor device that lies at the heart of
the electronic circuits within the Smart Fan Controller. Specifically. it serves as a key component
in the implementation of Pulse Width Modulation (PWM) technology. enabling precise control
over the speed and operation of the fan motor.

2. Temprature Sensor(LM35):
We are using LM 33 as temperature sensor. LM 35 is a precision temperature sensor whose
output is linearly proportional to Celsius Temperature. The LM33 is rated to operate from -
55° Centigrade to 150° Centigrade with a linear scale factor of +10mv = C

3. Resistor

Resistors play a crucial role in determining the timing and shaping of the PWM signal. The
primary purpose of resistors in this context is to set the reference voltage. control the charging and

discharging rates of capacitors, and establish the thresholds that define the duty cycle of the PWM

waveform
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4. Diode:

\ diode can serve specitic roles within the circuit to enhance the efficiency and reliability of the
PWAT signal The exact role of a diode in this context can vary depending on the specific design

and requirements of the controller. Here are several potential roles that a diode may play in a smart
fan controller's

5. D¢ Motors:
I'his is the actuator which is provided with controller voltages for the motor the rotate
accordingly.

6. Arduino Uno:
Arduino is used as the micro-controller here it is the brain to all this circuit.

7. Breadboard:
The breadboard is the connecting interface between the micro controller and the other

clements in the circuit.




Chapter 4: Working

Working of Principle:

b } smart (ar ntroller involves the fula
s of Pulse Width Modulat
he working of ) i of the fan motor. PWM i< a widely used te hnique f
P trol the speed
sctrical pulses to con
electn I " { of motors and other levices. In the context of a crmart .
hieving variable control over the spee
e n « & | | -
ac ljust the power delivered to the fan motor thereby controfling
wntroller, PWM is employed to adju
contr !

rotational speed.
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Fig: Pubse Width Medulator

1. Signal Generation :

The PWM process begins with the generation of a square wave sienal Thiss

gnal. Square wave alternates between
two voltage levels: a high level (often referred to as "on” or logic 1) and a low level (referred 1o as "off or
logic 0).

2. Duty Cycle Definition:

The key parameter in PWM is the duty cycle, which is the percentage of time the signal is in the

high state (on) within each period of the signal. The duty cvcle is exp

ressad as a percentage and
determines the av

erage power delivered to the fan motor. It is usually controlled by adjusting the
width of the high state relative to the total period of the signal.
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orresponds o a highe
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Conmversely

4. Integration with Fan Motor:
. ontrol circuitry. The motor responds o the changing
Y fod into the tan motor ¢ \
The PWM signal s

| levels in the PWAL signal by adjusting its speed accordingly. This modulation happens
voltage levels g ’

N requeny g l iloher aki cCIh - v lan l L'L'(l
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l}\“l\“_\ . (\‘ I} \\”_\ at a fie ju n )

imperceptible to the human cye.

5. Fan speed control and regulation:

The smart fan controller continuously adjusts the duty cycle of the PWM signal based on user mputs,

environmental conditions, or predefined settings. This dynamic control allows for precise and real-time

regulation of the fan speed. ensuring that the fan operates at the optimal level for the current conditions

6. Integration with Smart Features:
In a smart fan controller, PWM is often integrated with additional smart features. Environmental
SeNsOrs, user preferences. and automation algorithms may influence the PWM signal, allowing

the fan to adapt its speed to factors such as room temperature, humidity, and occupancy.

7. Energy Efficiency:
One of the significant advantages of PWM in a smart fan controller is its inherent energy
efficiency. By adjusting the duty cycle based on the actual cooling requirements, the controller

avoids unnecessary energy consumption, contributing to overall energy savings and a more

environmentally friendly operation.

In summary. the working of PWM in a smart fan controller involves generating a variable

duty cycle square wave signal to control the average power delivered to the fan motor.

19
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working of Smart Fan Controller:

1. Implementation:

o Tor low temperature the motor revolves at an RPM of 1000 which is slower because of the low

temperature.

* For High Temperatures the motor revolves at an RPM of 9000 for high temperatures..
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2. Code:

temps
tempPin = A0/ /jarduino pimHEEE I
fan 9; /) the pib where fal nnected
p() |
- (fan, OUTEUT) #
i (temp?in, NPUT)
seri o0 (9600)F
}
op() {
temp = A=Y 1:(tempPin);
temp = (temp '3.0‘100.0)/1024.0;
.+ tempratur® = m45(temp,100,300,24,70);
Serial.:rxn‘lu(temprature); // delay in between read
0, 50, 0,500)7

motorSpeed = ma;(temprature,
1000) 7

motorSpeed = (
"Temperature:

*q:w(motorSpeed, 0,

serial.print| ")
Serial.p:;u'(temprature);

4+ y 0 5 » |
("°c, Motor speed: ")

\‘n(motorSpeed);
(fan,motorSpeed);

serial.prib
serial.pri!
analogWrite

jelay (4000) 7

Fig: Code
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91,
emperatulf ‘ + Motor Speeq: 5,
l,
1 ',v | & o y.y,, ,:;'.p’]: .
34.0
remperature: 34.007°C, Motor gpeeq: 34
16 0f
1G 7 [
emperature: 39.00°C, Motor Speed: 34
5,00
Fig: Serial Monitor
l)c\ChP“"":

You also need 10 select the transistor by the type of fan that you use. In v . .
J a0 | used

own BD139 transistor and an LM35 temperature sensor and 2 3.9 ., I
i YOIl motor

the well-kn

which are powered with 5V from the Arduino board.

The most important part is to set the variables temp and temperature with your desired

values. Temp Min is the temperature at which the fan starts to spin and temp Max is the
¢ when the motor stops due to excessive temperature.

temperatur
For exampie if you set temp at 30 and temperature at 33 then the fan will stan spinnine 2t

30°C and reach its maximum speed at 35°C
We have also mapped the motorspeed with the temperature variable as we don’t want 10
Overload the motor with excessive voltage due to which the motor may become useless
The motorspeed is mapped using the map function in the library.
Also the temperature value is calculated using 2 formula :

o Temp=(temp x 3.0 x 100) 1024
The value is then used to constrain the speed of motor llo avoid anv wear and tear.
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Conclusion:

The PWM Smart Fan Controller project successfylyy |
» y €Mmonsty

fan speed modulation through Pulse Width Mol ies the €flectiyep,
ation. S 0f gy

microcontroller and a LM35 sensor. the system achieve y Umiz‘.ng an Arg T
S precise th Alduing |
€rmal ™
ma
mgmﬂl ja“‘]
allows for e

noise-reduced fan operation. ‘
¢ THHIETt and

real-time temperature readings. The integration of PWM «;
Signals

The project not only accomplishes its primary objectives of N
. - ’ Mperature-hased
also explores the potential for smart features like remote contro] and [oT 4sed fan contro] by
: . . oT integrat -
calibration procedures validate the accuracy of temperature readj gration. Testing ang
’ ings and the respons

<Sponsi

Veness nf

the fan speed adjustments.

The documentation provides comprehensive insights into the hardwar
' ¢ setup. softwar
implementation, and safety considerations. The project's adaptability is evident. allowing ¢
? wng Ior

future enhancements and modifications to meet evolving needs.

In conclusion, the PWM Smart Fan Controller project presents a viable solution for applications

requiring cfficient thermai reguilation. 1is scalable design. energy-savinig capabilitics. and poiciii
trolled fan

for smart integrations make it a valuable contribution to the field of temperature=ees

systems.
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