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ABSTRACT: The aim of this paper is to control the speed of dc fan based on room temperature using pulse width
modulation technique with microcontroller. To get rid of the problem of Obscurity to control temperature in industries,
a microcontroller based controller has been proposed. A temperature sensor has been used to measure the temperature
of the room and the speed of the fan is varied according to the room temperature using pulse width modulation
technique. Controller is used to control the speed of DC Fan and temperature is varied through the Temperature sensor
and data is sent to AT89S52 microcontroller using analog to digital converter.The duty cycle has been varied from 0 to
100% to control the fan speed depending upon the room temperature, which is displayed on liquid crystal display. Duty
cycle values between 25% and 95% allow smooth control of the fan. It is easier, reliable and accurate. The simulation
of the system has been done on Proteus Professional Software v 8.0. Hardware implementation has been also done.The
results of the research and Output waveforms have been investigated. Various design criteria, performance
characteristics, comparison with different parameters have been plotted in MATLAB software system and other
simulation results have been discussed in detail in this paper.

KEYWORDS: Microcontroller, temperature sensor, analog to digital converter, DC Fan, pulse width modulation and
speed control.

I. INTRODUCTION
Out of various control techniques available only two of them can be used to control DC motor. They are sensor control
and sensor less control [1]. With the improvement in machinery, smart systems are being introduced every day. In the

present time microcontrollers play a vital role in the development of the smart systems [3].

It is to be noted that dc motor is not directly connected with microcontroller because a micro controller can’t supply the
current for the working of DC motor.

An independent control system which responses on the ambience conditions. The idea behind this project is to control
the speed of DC fan using microcontroller based on variation in temperature [15]. Temperature controlled fan is an
alternative way to deal with the speed of the motor.

Temperature control is a process in which the temperature of an object is measured and the passage of heat energy into
or out of the object is adjusted to achieve a desired temperature.
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Fig. 1 Block diagram

This paper presents the interfacing of temperature sensor with microcontroller by means of analog to digital convertor,
to display the temperature on a 16x2 LCD and to rotate a DC motor at different speeds at various temperature as shown
in Figure 1.

The simulation results of the fan speed control system using PWM technique based on the room temperature.

Il. RELATED WORK (LITERATURE REVEIW)

The microcontrollers are user friendly and can be operated by anybody without any trouble. Also less manual
intervention is required for operating the microcontrollers, which reduces labour [2] cost.

Here the clock source is coming from the crystal of microcontroller [6].

DC motors are widely used because its speed- torque characteristics can be varied to almost any useful form [3, 4].
There are so many ways to control speed. For instance, armature voltage control and excitation control method [7].
Pulse width modulation is a method for binary signals generation, which has 2 signal periods (high and low). The width
(W) of each pulse varies between 0 and the period (T) [11, 12]. The main principle is control of power by varying the
duty cycle [13].

111.PROBLEM FORMULATION

3.1 DC motor
This dc fan runs at 12v dc supply. The cost for this fan is also very cheap.
The advantages of using these types of motors over conventionally used AC motors are stated below.
e DC motors have higher controller efficiency, typical 98%.
e DC motors have better overload and peak voltage characteristics.
Digital control of DC machines has several benefits, including simple implementation, requirement of no additional
hardware, and not computationally intense.

3.2 Speed Control Dc Motor

The piece of equipment that converts electrical energy into mechanical energy is called as a motor. The motor that
utilizes a DC supply to produce mechanical output is DC Motor [5, 10].

Expression for DC motor speed (r / min)

_ Ua-laRa
n=

ko (1)
Where,
Ua = armature terminal voltage
la = armature current;
Ra = equivalent resistance of armature circuit
@ = each level of magnetic flux
K = machine constant
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It is obvious that speed control is possible by varying

1. Flux per pole, ® (Flux control)

2. Resistance R, of armature circuit (Rheostatic Control)

3. Applied voltage V (Voltage Control)

In this paper, “Applied voltage control” method has been used to control speed of DC fan through microcontroller.

3.3 Motor Driver

Whenever a robotics hobbyist talk about making a robot, the first thing comes to his mind is making the robot move on
the ground. There are many things which we can do with DC motor when it is interfaced with a microcontroller. For
example we can control the speed of motor and can control the direction of rotation.

3.4 Microcontroller
The microcontroller incorporates all the features that are found in microprocessor. Microcontroller may be called
computer on chip since it has basic features of microprocessor with internal ROM, RAM, Parallel and serial ports
within single chip [6, 9]. This is widely used in washing machines, microwave oven, and robotics or in industries.
Microcontroller can be classified on the basis of their bits processed like 8bit MC, 16bit MC. | am using AT89S52
microcontroller here.

3.5 Liquid Crystal Display-

A liquid crystal display (LCD) is a thin, flat electronic visual display that uses the light modulating properties of liquid
crystals (LCs). LCDs need a light source and are classified as "passive™ displays. The most commonly used Character
based LCDs are based on Hitachi's HD44780 controller or other which are compatible with HD44580 [8]. In this
project LCD has been used to display static text files.

3.6 Temperature Sensor

Transducers convert physical data such as temperature, light intensity, flow, and speed to electrical signals.
Temperature sensor’s output voltage is linearly proportional to the Celsius (centigrade) temperature. Depending on the
transducer, the output produced is in the form of voltage, current, resistance, or capacitance. The complexity associated
with writing software for non linear devices is very high. So we use a linear temperature sensor to respond for a
temperature change.

LM3s Vou

_L R

— Vs

Fig. 2 Temperature sensor (LM35) Full-Range Centigrade
The LM35’s low output impedance, linear output, and precise inherent calibration make interfacing to readout or
control circuitry especially easy as shown in Figure 2.
The LM35 thus 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 does not require
any external calibration or trimming to provide typical accuracies of £1/4°C at room temperature and £3/4°C over a full
—55 to +150°C temperature range.

3.7 Analog to digital converter

An analog to digital converter needs to be interfaced with microcontroller to accept analog input for data processing.
To make the data flow between controllers and other devices serial input output port is used. Here, the ADC0804 IC
has been used which is an 8 bit parallel ADC. It works with +5 volts and has an 8 bit resolution. In this IC the
conversion time depends upon CLK IN signal but it cannot be faster than 110us.

ADC converts this analog voltage as follows:
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e We need to fix a reference voltage which is normally 1.28 V.
e ADC uses 8 bit data resolution.

IV.PULSE WIDTH MODULATION

The pulse width modulation speed control function is a function that externally controls the rotation speed of the fan by
changing the duty cycle of the input pulse signal between the control terminal and GND as shown in Figure 3. Here the
conduction time to the load is controlled. Let for a time t1, the input voltage appears across the load i.e. ON state and
for t2 time the voltage across the load is zero.

The average voltage at output

V.= 1/T | vodt = to/T Vs = ft; Vs = kVs 1)
Vour=a Viy @)
Where,

a = Duty cycle
T total time period = t;+t, and k = t,/T is the duty cycle.

Vs
Ve 3

YV -

TIME

. . . e
VYour = . .
T = - . .

Voo ——I

VEE TINME

Fig. 3 Variation of PWM signal with time
V. FLOW CHART OF SYSTEM

The logical representation of the software code has been presented in the flowchart form. Figure 4 shows the flowchart
of the logic implemented in the modelled system.

Fan off

Display on LCD,
value of temp

Fan speed increases Fan speed maximum

Duty cyde is 65% Duty cydle is 5%

Fig 4 Flow chart

The temperature is read from the temperature sensor and the condition is checked and the following processes are done:
e When temperature is greater than zero and less than 20 degree Celsius, the fan is OFF.
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o When temperature is greater than 20 and less than 40 degree Celsius, the fan speed is SLOW.
o When temperature is greater than 40 and less than 60 degree Celsius, the fan speed is MEDIUM.
e When temperature is greater than 60, the fan speed is FAST.

VI.SIMULATION CIRCUIT

The simulation of the system has been done on Proteus Professional Software v8.0. AT89V51/AT89S52
microcontroller based on Modified Harvard architecture is used in the system. Coding of the system has been done in
Embedded ASSEMBLY language. 16X2 LCD display has been used which is connected to PORT 1 of the
microcontroller. The simulation of the circuit is shown in Figure 5.
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Fig. 5 Simulation circuit

VIL. HARDWARE IMPEMENTATION

The Hardware implementation of the system has been done on 8051 Microcontroller Development board. It is widely
used till now because it is cheap and can work for the same result as other microcontroller development board can do.

o

Fig. 6 Hardware implementation
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In Figure 6 shown above, connections are provided according to interfacing of all the components such as LM35,
ADC0804, AT89S52, L293D, DC fan, LCD. One bulb is there to increase the temperature around temperature sensor
LM35. Output has been taken as speed of fan is varying according to temperature shown in LCD.

VIIl.  RESULTS AND DISCUSSION

The speed of the fan has been controlled using PWM technique according to the room temperature. The simulation of
the system has been done on Proteus Professional v 8.0 software packages and it is running in good agreement. The
logic used in the system is verified and shown in the flowchart form. The duty cycle has been varied according to room
temperature and speed of the fan was controlled accordingly. The graphs showing the relationship between duty cycle
and the room temperature are plotted in MATLAB and accuracy of the system was validated. The design of the system
presented in this paper is appropriate according to the modern technology.

8.1 Duty Cycle

Duty cycle may be defined as the amount of time in a particular period during which the pulse is active or high. The
speed is made slow, medium, fast, very fast and zero by having different duty cycles. Following Figures show the
pulses with varying duty cycles for different temperature range as per simulation result.

Duty cycle = to/tiora

Where t,, is ON time and ty, is total time duration of pulse generated.
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Fig. 7 Pulse for temperature above 20°C and below 40°C
Figure 7 shows Pulse for temperature above 20°C and below 40°C. Here variation in pulse is with Duty cycle 25% and at
the same time fan speed is slow and showing 200 rpm. At this time temperature range is greater than 20 and less than
40 degree Celsius.
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Fig.8 Pulse for temperature above 40°C and below 60°C
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Figure 8 shows Pulse for temperature above 20°C and below 40°C. Here the variation of pulse is with Duty cycle 65%
and at the same time fan speed is fast and showing 480 rpm. At this time temperature range is greater than 40 and less
than 60 degree Celsius.

P0.2/AD2 |-=
P0.3/AD3

Fig. 9 Pulse for temperature above 60°C

Figure 9 shows Pulse for temperature above 60°C. Here the variation of pulse is with Duty cycle 95% and at the same
time fan speed is very fast and showing 770 rpm. At this time temperature range is greater than 60 degree.

The temperature sensor senses the room temperature and it is displayed on the LCD. The speed of the fan is controlled
by using PWM technique according to the room temperature. For processing analog signals, we have analog to digital
converters interfaced with microcontroller, which converts analog signals to digital ones. The temperature sensor LM35
interfaced to the analog input port of ADC0804 acquires the room temperature and converts it into digital voltage
signal. Figure 10 shows the relationship between digital voltage and the temperature.

mmplﬁod‘ FHHF'WF'U

Temperature imm F

Fig. 10 Digital Voltage vs. Temperature (in Fahrenheit)

8.2 Variation in duty cycle and speed according to temperature variation as per Simulation result

The microcontroller used in this system is programmed as PWM module which is used to control speed of the fan by
varying the duty cycle. According to the readings from the temperature sensor, duty cycle has been varied
automatically thus controlling fan speed in software “Proteus”. Speed is showing on DC fan interface in software itself.
Table 1 shows the duty cycles and corresponding Speed varying with the temperature.
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Table 1 Results of Duty cycle and Speed with Temperature in software Proteus

Temperature Duty Cycle Speed
(in °C) (rpm)
1 Less than 20 0 0 (Zero)
2 20 to 40 25 200 (Slow)
3 40 to 60 50 480 (Fast)
4 Above 60 95 770 (Very fast)

Now According to the readings from the temperature sensor, duty cycle has been varied automatically thus controlling
fan speed on hardware. Speed has been measured using “digital Tachometer”. Table 2 shows the duty cycles and
corresponding Speed varying with the temperature.

Table 2 Results of Duty cycle and Speed with Temperature taken from hardware

Temperature Duty Cycle Speed
(in °C) (rpm)
1 Less than 20 0 0 (Zero)
2 20to 40 25 187 (Slow)
3 40 to 60 50 474 (Fast)
4 Above 60 95 919 (Very fast)

The slow speed corresponds to 25 percent duty cycle and fast corresponds to 95 percent duty cycle. The variation of the
duty cycle with temperature (in Celsius) is shown in the Figure 11. The fan is in full swing when the Duty cycle is
made 95 percent.
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Fig. 11 Temperature (in °C) vs. Duty Cycle
IX.CONCLUSIONS

The microcontroller based automatic speed control of fan based on room temperature using PWM technique has been
proposed in this paper. The simulation of the system is working properly and the design is appropriate according to the
modern needs and technology. The speed of fan depends on the room temperature and there is no need for regulating
the speed manually. Various graphs have been plotted to show the varying relationships between different parameters.
PWM technique is found to be appropriate for controlling fan speed according to room temperature. After comparing

Copyright to JIRSET DOI:10.15680/1JIRSET.2015.0407049 5726



@
3 ISSN(Online) : 2319-8753

IJIR SET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)

Vol. 4, Issue 7, July 2015

duty cycle and speed of DC Fan according to temperature variation in software and hardware | have observed
approximately same result.

This design can be further extended in terms of area and power at layout and characteristic level by using Advanced
VLSI applications.
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