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Abstract-The main objective of this project is to control the speed of
separately-excited DC motor using microcontroller PIC 16F877A. It is a
closed - loop real time control system, where rotary encoder is connected
to motor shaft to provide feedback signal to controller. The infra red
sensor will detect how many pulse of encoder and will send feedback
signal to controller. A driver will be connected to drive the motor and
speed control is achieved by PWM technique using the microcontroller.
Pulse Width Modulation (PWM) technique is used where its signal is
generated in microcontroller. The PWM signals send to the motor driver
and vary the voltage supply to motor thus its speed.PI controller is
implemented into the microcontroller to control the speed of motor.
Through this project it can be conclude that digital feedback signal can
be use to control the speed of motor.
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1. INTRODUCTION

Direct current (DC) motor is versatile and extensively used in
industry. A wide variety of characteristics can be obtained from
various connections to dc motor. Its speed can be controlled over a
wide range easily. Large dc motors are used in conveyors, fans, paper
mills, textile mills, pumps and so forth. In home appliances, washers,
dryers and compressors are good examples. In automotive, fuel pump
control, electronic steering control, engine control and electric
vehicle control are good examples of these. In aerospace, there are a
number of applications, like centrifuges, pumps, robotic arm controls,
gyroscope controls and so forth.

11. LITERATURE REVIEW

Power electronics has evolves to modern technology rapidly
due to many researches that successfully established. The
development of power electronics also involve in microcontroller.
In this project, a closed loop circuit was used to control the speed
of motor.

Desired
$peed Motor
—R—»  PiC Oriver Motor |1

Encoder

Figure 1:Block Diagram of System

The actual speed of DC motor will be measured by Infra-red
sensor combine with rotary encoder and feed back to
microcontroller. In microcontroller, it will calculate the error
between the desired speed or set point with the actual speed. The
error will determine the duty cycle of pulse-width modulation
(PWM) in microcontroller. The calculated duty cycle will be send
to DC motor driver whether to increase or decrease speed of the
motor. The objective of this study is to use digital feedback signal
method rather than old method such as analog feedback signal.
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PI controller is implemented into PIC using assembly program
language. In this project if a load is applied the motor will slows
down from the actual value so that a positive error speed is produced.
In order to stabilize the output, proportional control is applied by
error speed multiply the gain. Hence, the motor speed will stabilize at
some speed below the set point. If the gain is set so that any changes
in motor speed causes a significant change in drive level and as the
effect motor speed will oscillate. However proportional control has
only limited use as it can never force the motor to run exactly at the
set point speed [1].

The next new improvement is to introduce a correction to the
output which will keep adding or subtracting a small amount to the
output until the motor reaches the set point, at which point no further
changes are made. In fact a similar effect can be had by keeping a
running total of the error speed speeds observed for instance, every
specific time and multiplying this by another gain before adding the
result the proportional correction found above. This new term is
called the integral of the error speed .Now we have a scheme where
there are two mechanisms trying to correct the motor speed which
constitutes a P (proportional-integral) controller. This controller is a
fast-acting correction which will make a change in the output as
quickly as the error arises. The integral takes a finite time to act but
has the ability to remove all the steady-state speed error. Figure 2
shows the block diagram that a close loop using PI controller and
have a encoder feedback.

Three samples of error was taken during each interruption. The
samples is added or subtracted and divided by Ti or time to get data
in integral controller.

Pl controller

-

Figure 2:Block Diagram of PI System

A.DC Motor Parameter

Parameters of motor are an important step to know which to
determine necessary rating for power switching element.
Understanding of these parameters will be useful in designing the
circuit.

Table 1 shows the Leybold-Dedactic motor’s parameter. All
the value in Table 1 below show the rating value of motor

parameter.

PARAMETER RATING VALUE
Model LEYBOLD-DIDACTIC GMBH
Rated current 2.0A
Base speed 2000rpm
Power rating 0.3kWatt
Voltage 220V

Table 1: Motor parameter

B.PIC Controller

The microcontroller acts like the brain of the DC motor speed
control system [2]. The microcontroller chip that has been selected
for the purpose of controlling the speed of DC motor is
PIC16F877A manufactured by Microchip [3]. This chip is selected
based on several reasons:
i. It is equipped with sufficient output ports without having to use a
decoder or multiplexer
ii. It is small, portability and low current consumption
iii. It has PWM inside the chip itself which allow us to vary the
duty cycle of DC motor drive.
iv. It is a very simple microcontroller. Users only need to learn 35
single word instructions in order to program the chip.

U 40 [ —-—

MCLR/NVPP e ] 1 RB7/PGD
RAD/AND —w-—=[] 2 39 [[] =»—e RB8/PGC
RA1/ANT =[] 3 s O RBS

RAZ/AN2/NVRET - =[] a 37 [] == RB4
RAI/ANINVREF+ =[] 5 38 [] =—e RB3/PGM
RA4/TOCKI -——a=[] & 35 [[] - RB2

RAS/ANA/SS - [} 7 - 34 [] =—= RB1
REOQ/RD/ANS =[] 8 ~ 33 [[] =—= RBO/ANT
RE1/WR/ANE =[] o o 32 [ =—— voo
RE2/CS/ANT —=—=[] 10 = 31 [J —=—— vss
VOO —— [ 11 E 30 [] =—= RD7/PSP7
VeSS o [ 12 =3 29 [ =—= RD&PSPE
OSC1/CLKIN ——=[] 13 5 28 [[] == RDS/PSPS
OSC2/CLKOUT o[ 14 - 27 [7] == RDa/PSP4
RCO/T1O0SO/TI1CK! = [] 15 26 [] =—= RC7/RX/DT
RC1/T10SI/CCP2 == [] 18 25 [] == RCB/TX/CK
RC2/CCP1 w—ea ] 17 24 [] == RCS/SDO
RC3/SCK/SCL ——s [] 18 23 [[] -——= Rca/sDUSDA
RDO/PSPO - [] 19 22 [] == RD3/PsSP3
RD1/PSP1 -—e [] 20 21 [[] -——= RD2/PSP2

Figure 3:Pin diagram for PIC 16F877A
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C. IGBT Driver

Figure 4 show the IGBT driver that was used in this project. The
IGBT is suitable for many applications in power electronics. It
improves performance and efficiency. The PWM from
microcontroller will be send to the IGBT driver [4]. The driver circuit
will amplify the PWM voltage to a level that is suitable to ON the
IGBT. The driver circuit also act as a protection for microcontroller
from high voltage side of driver. The frequency is fix to 1.22090Khz.

Figure 4: IGBT driver

D. Speed Feedback using rotary encoder

To compute the angular velocity @, suppose that the count during a
sample period T is n pulses. Hence, the average time for one pulse is
T/n. If there are N windows on the disk, the average time for one
revolution is NT/n. Hence ® (rad/s) = 2an/NT [5].In this project we
use RPM in calculation. Figure 5 shows the rotary encoder that was
used in this project. The encoder will produce 20 pulses when motor
turn for 1 round. The motor speed is given by formula

Speed=n*1
NT

n=no of pulses
N=number of slots
T=time to get data

round/s

Detected speed= detected pulse*]  round/s

20 T

Detected speed= detected pulse* 1 *60 round /minute (RPM)
20 T

Figure 5: Rotary encoder

E. Infra-Red sensor

Figure 6 shows the schematic and real circuit of Infra-red
sensor. Chip LM324 is used to ensure that the output waveform in
digital signal (High/Low) is readable by microcontroller, Chip
LM324 is function as a comparator. When the Vm of Infra-red

sensor is greater than VR1, the output of LM324 will be High (5V)
and when the V  is less than VR1, the output of LM 324 will be
out

Low (0V). Then, the output signal will be sent to microcontroller

as a feedback.
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Figure 6: IR sensor
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F.. Flowchart for PIC

Duty Cycle=10%

Is spead stabls”

Is speed stable”

Dty cycls raduced by 10 %
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No 10%

Is duty cycle reach
90%

Figure 8:Flowchart program for ramp-up duty cycle Figure 9:Flowchart program for ramp down duty cycle
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INITIALIZATION ROUTINE
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Figure 10:Flowchart program

>

Figure 11:Flowchart of interrupt routine
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III. RESULT AND DISCUSSION

In this project, variable resistor was used to substitute motor as a load
to ensure that motor driver is functional. The output voltage to motor
was recorded from 0.1-0.9 duty cycle. Figure 12 and 13 shows the
PWM waveform at 0.1 and 0.9 duty cycle.

Tek Jha ® Stop M Pos: 10.00us CURSOR
+
i
, | sdmeisod e g ek MM b n

i
=

3
¥ CH2 500mY ™ 250us CH2 £ 116mV
CH3 5.00v 29-May-12 1427 1.22030kHz
Figure 12: Duty cycle at 0.1
Tek a1 B Trig’d M Pos: 440.0us CURSOR
&
Type
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gt ianasunan s s Bl L de gttt i e e
Source
w b bl

2%

3 .

CH2 S00mYV M 250ps CH2 S -62.0mV

CH3 5.00v 29-May-12 1452  1.22090kHz

Figure 13: Duty cycle at 0.9

Table 2 and Figure 14 show the result duty cycle and Vout when
connected to variable resistor. The graph in Figure14 clearly shows
that when duty cycle is increase, the output voltage will also
increase meaning that Vo is proportional to duty cycle

Duty Cycle Vo
0.1 17
0.2 32
03 52
04 75
0.5 92
0.6 110
0.7 130
0.8 149
0.9 172

Table 2: Vout using variable resistor

D.Cylcle Vs Vout

0 50

150

Figure 14: D.Cycle Vs Vout
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The speed of encoder was compared with the speed that was taken
from tachometer. The speed of encoder was taken using formula and

Users can select their desired duty cycle by select it through switch
button. Table 3 and Figure 15 show the result of speed and Vout

monitored through oscilloscope during selecting duty cycle. The result is relevant when motor was
Freq* 60 ramp-up and ramp down.
No. of slots [6]
We can see that there appeared some error in encoder speed. Error in | Duty Cycle Vo RPM
encoders can come from quantization error (due to digital word size [T 20 160.6
limitation), assembly error, coupling error, structural limitation,
manufacturing tolerances and ambient effect(vibration).[ 7] 02 40 369.6
0.3 60 566.9
Duty cycle RPM Frequency Speed 0.4 80 773.9
(Hz) encoder=
Freq*60/20 0.5 98 974.8
0.1 160.6 55.56 166.6 0.6 120 1195.0
0.2 369.6 125.0 375.0 0.7 136 1400.0
0.3 566.9 192.3 576.9 0.8 155 1601.0
0.4 773.9 256.4 769.2
0.5 974.8 322.6 967.7 . = il
0.6 1195.0 400.0 1200.0
0.7 1400.0 465.0 1395.0 Table 3:Vout and RPM at desired duty cycle
0.8 1601.0 535.5 1605.0
0.9 1807.0 600.0 1800.0

Table 4: RPM and Encoder speed

Tek JL .Stﬂf,. _ MPosi8000ms  CURSOR
| e
Source
CH)

sinminimin YT St 18 doms
i Jﬁ':T = 5556t

3» + &%

ol 280V

Cursor 2
37.0ms
4 — ooy
CH1 ¢ CH2 200mY M 25.0ms CH3 ./ -5.75mV
CH3 5.00%¥  CH4 200mV 30-May-121513  <10H:z

Figure 16: Frequency encoder at 0.1 duty cycle

Speed Vs Vout

2000
1800
1600
1400
1200

Speed(RPM)
g

Figure 15: Speed Vs Vout
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Figure 17 show the result when motor was running with no load at
0.6 duty cycle. It can be seen that the motor oscillate during

the experiment. This was due to the process of subtracting and
adding of error in integral controller.

Tek JU

T |

CURSOR

at 8.200s
25 122.0mHz
aV 7V

) .

Cursor 2
2305
4 __ 138
CH2 200mY M 2508 CH2 7 -88.3m¥

CH3 500mY CH4 S00mY  8-Jun-12 16:00 0.00000Hz

Figurel7: Motor speed when desired speed 1195 rpm
at no load.

Figure 18 show the result when motor at 1195 rpm was connected to
load 4N/M. The motor speed decrease when connected to a load
using braking unit. After that the microcontroller will detect the error

and send signal to accelerate motor to desired speed.

at 32.80s
2 30.49mHz
a¥ vy

Cursor 2
1525

A W
CHZ 200mY M 10.0s CH2 / -88.3mV

CH3 500mY CH4 50.0m¥ 8-Jun—12 16:10 <10Hz

Figure 18:Motor speed when desired speed 1195 rpm
With load 4N/m.

IV. CONCLUSION

Science and development have provide a large range of
application of DC motor in area such as robotic, electric motor,
home electric appliances. All this application required speed
controller to perform the task. DC motor have a great speed control
capabilities, which mean that torque, speed and direction can be
changed to meet new condition.

The goal of this project is to design a DC motor speed control
using digital feedback signal. By using low cost encoder and Infra-
red circuit we can control the speed of DC motor.

V. FUTURE RECOMMENDATION

It is hoped that DC motor speed control that using PIC
microcontroller will offer a new era in the technology that will
offer a low-cost, high performance and smaller compartment
solution for industrial arena. The author hopes some development
in technology in order to achieve more efficient control solution
for DC motor using encoder. The author also hopes some research
on other type of encoders that can increase the efficiency to control

motor speed.
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