SPEED CONTROL OF DC MOTOR USING PI CONTROLLER

MOHD AZRI BIN ABD MUTALIB

A report submitted in partial fulfillment
of the requirements for the award of the degree of

Bachelor of Electrical Engineering

Faculty of Electrical Engineering

Universiti Malaysia Pahang

MAY, 2008

% This PDF was created using the Sonic PDF Creator.

SONIC; oot D - ’
=~{ To remove this watermark, please license this product at www.investintech.com

20



23

ACKNOWLEDGEMENT

First of all I am grateful to ALLAH S.W.T for blegig me in finishing my
final year project (PSM) with success in achieuimg objectives to complete this

project.

Secondly, | want to thank my family for giving naée support mad
encouragement in completing my project and alsoutjinout my study in Universiti
Malaysia Pahang (UMP) as they are my inspiratiosucecess. | also would like
thank my supervisor Mr Mohd Syakirin Bin Ramli fguiding and supervising r
final year project. He has been very helpful to me in finighmy project and
appreciate every advice that he gave me in congctiy mistakes. | apologize |
supervisor if any mistakes and things that | doneng while doing my mject. The
credit also goes to Assiociate ProNasir B Shaikh Abd Rahman as the dea
Electrical Engineering Faculty and Mr Reza Ezuan 8amin as the coordinator
final year project with their cooperation and guat®ut my final year project frc

the beginning.

Last but not least,want to thank all my friends that have gave me@e an
encouragement in completing my project. Thank yeuwyvmuch to all and Me
ALLAH bless you.

% This PDF was created using the Sonic PDF Creator.

= |
SONIC,
:‘ To remove this watermark, please license this product at www.investintech.com



24

ABSTRACT

The development of technologies affects the demarfdsidustries at t
present time. Thus, automatic control has playedta role in the advare c
engineering and science. In today’'s industriestrobmf DC motors is a comm
practice. Therefore, implementation of DC motor toolter is required. There
many types of controller that can be udedimplement the elegant and effec
output. One of them is by using a PI controllersfihds for Proportional and Inte
Controllers which are designed to eliminate thedrfee continuous operatattentio
thus provide automatic control to the systebmuise control in a car and a hc
thermostat are common examples of how controlle¥suaed to automatically ad
some variable to hold the measurement (or procasable) at the set-pointhi:
project is focusing on implementing PI controllercontrol speed of dc motor. Tr
overall project is divided into two part$he first part is concern on the simule
using MATLAB simulink where the dc motor is modeled and PI cular is tune
using ZieglerNichols rules and software tuning. The second igarhplementing tt
simulation. This part is divided into another twartg Graphical User Interface (C
development and hardware interfacin@Ul is built using National Instrum:
LabVIEW software with implementation &l controller. An oscilloscope also
been build there. Hardware interfacing part is tbwith Mitsumi dc mini-notors
M31E-1 Series, speed sensor and analog to digitalerter, DAC8032As the resu
Pl controller is capable to control the speed ofnumor followed the result fro

simulation.
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ABSTRAK

Perkembangan teknologi masa kini telah memberikalkanan kepac
industri. Maka, sistem kawalan automatik telah meksn peranan yang pent
sejajar dengan kemajuaan sains dan kejuruteradambDera pembangunandustr
masa kini, kawalamlc motor adalah amalan biasa dilakukan. Oleh yang demikian
perlaksanaan sistem kawaldo motor amatlah diperlukan. Terdappélbagai jeni
sistem kawalalc motor yang boleh digunakan dalam mendapatkan keluataput
yang mantap dan efektif. Antaggntermasuklah Pl Controller. Pl adalah singk
dari Proportional dan Integral Controller. Sistem kawalanni dibangunkan untt
memenuhi keperluan sistem kawalan tanpa henti. kKawruise danthermostat di
rumah adalah contoh yang biasa digunakan dalam mpekan bgaimana siste
kawalan digunakan untuk mengawal secara automatikbplehubah yang tertel
untuk mengekalkan nilai tetapanny®rojek ini memberi penekanan kep
perlaksanaan sistem kawalan Pl dalam mengawal ukelagdc motor. Secal
keseluuhannya, projek ini terbahagi kepada dua. Bahagyamg pertam
menceritakan mengenai proses simulasi menggunak@sign MATLAB simulink
di manadc motor telah dimodelkan dan sistem kawalan Pl dilareshgikut prinsi
Ziegler-Nichols dan disusuli dengan larass®tara perisian. Bahagian yang ke
adalah melaksanakan simulasi terseldhagian ini juga terbahagi kepada
bahagian iaitu membangunk@&muaphical User Interface (GUI) dan litar elektronil
GUI dibangunkan dengan menggunakan perisian Natibrstrument LabVIEV
dengan melaksanakan sistem kawalan PI. Osiloskg turut dibangunkan disi
Pembangunan litar elektronik pula dijalankan denlgitisumi dc mini-motors, siri
M31E-1, sensor kelajuan dan penukar nilai digitappdda analggDAC8032
Sebagai keputusannya, sistem kawalan Pl adalah manmtpk mengawakelajuar

dc motor mengikut keputusan simulasi.

<™ This PDF was created using the Sonic PDF Creator.
* To remove this watermark, please license this product at www.investintech.com



26

TABLE OF CONTENTS

CHAPTER TITLE PAGE
TITLE PAGE i
DECLARATION i
DEDICATION il
ACKNOWLEDGEMENT \Y
ABSTRACT v
ABSTRAK vi
TABLE OF CONTENTS vii
LIST OF TABLES IX
LIST OF FIGURES X
LIST OF ABBREVIATIONS Xii
LIST OF SYMBOLS Xiii
LIST OF APPENDICES XV

1 INTRODUCTION
1.1 Background 1
1.2  Project objective 2
1.3 Project scope 2
2 LITERATURE REVIEW
2.1 PI Controller 3
2.1.1 Podonal Band (P) 3
2.1.2 lgtal (1) 3
2.1.3 Timo-term controller 4

2.1.4 Ttimaracteristics of P and | controllers

% This PDF was created using the Sonic PDF Creator.

SO F G
=‘ To remove this watermark, please license this product at www.investintech.com



27

2.1.5 TogiRules Of Pl Controller 6
2.2 Dc Motor 11
2.2.1 History of Dc Motor (Plant) 11
2.2.2  Principles of operation. 12
2.3 Graphical User Interface (GUI) 15
2.4 Summary 16
3 METHODOLOGY
3.0 Introduction 17
3.1 Develop a mathematical model of Dc motor and PI 19
controller.
3.1.1 BuiDc Motor Mathematical model. 19
3.1.2 iBWPI Controller Mathematical model. 23
3.2  MATLAB simulati 24
3.3 Built a GUI witlabVIEW software. 26
3.4 Hardware interfey (6\V Dc motor) 28
4 RESULTS AND DISCUSSIONS
4.1 Introduction 29
4.2  Simulation Risu 29
4.3 ImplementatRasult 32
4.4  Summary 34
5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusions 35
5.2 Recommendations 35
REFERENCES 36
APPENDICES A—-H 37-75

% This PDF was created using the Sonic PDF Creator.

SO F G
=‘ To remove this watermark, please license this product at www.investintech.com



TABLE NO.

2.1
2.2
2.3
3.1
3.2

LIST OF TABLES

TITLE
Effect of Kp and Ki
Ziegler and Nichols’ setting value for KP and K
Second method of Zeigler-Nichols rules
The specifications of the Dc motor

Digital input code and Vout

% This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com

28

PAGE

10
24
26



FIGURE NO.

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

LIST OF FIGURES

TITLE

Load Step Time Response

Position Control System

Response to a unit-step input
Response with tangent line

Second Method Control System
Position of Pcr

Electromechanical energy conversion

Rotor movement of a three-pole design motor

Four main phases for the research

Position of PI controller

Electrical representation of a dc motor

Block diagram from transfer function of Pl catlier
Open loop dc motor block diagram

Close loop with unity feedback

PI controller for speed control was implemented
DAC 0832 wiring connection

Front panel of GUI

% This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com

29

PAGE

10

12

13

18

19

20

24

25

25

25

26

27



3.10

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

o

30

LM2907 wiring connection 28
Open loop system 30
Close loop system 30

PI controller with Ziegler and Nichols tuninglculation 31

Further tuning result 31
LED as output indicator from DAQ Card 32
Wiring of DAC 0832 33
Waveform Chart of Pulse Detection 33
Oscilloscope 34

% This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



Pl
DAC
DAQ
dc
GUI

LabVIEW

GND
0OSsC
LED
MSB
LSB
PC

31

LIST OF ABBREVIATIONS

Proportional Integral
Digital to Analog Converter
Data Acquisition

Direct Current

Graphical User Interface
Laboratory Virtual Instrument Bngering Workbench
Ground

Oscillator

Light Emitting Diode

Most Significant Bit

Least Significant Bit

Personal Computer

% This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



emf

o

LIST OF SYMBOLS

Micro

Kilo

Volts

Ohm

MiliHenry
Newton

Meter

Radian

Second

Direct Current
Proportional gain
Integral gain
Desired Input Value

Actual Output
Error Signal
Signal

Delay Time

Time Constant
Infinity

Critical Gain
Corresponding Period
Percent

Voltage Source
Inductance

Electromotive Force

% This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com

32



APPENDIX

A
B

o

T O T m

33

LIST OF APPENDICES

TITLE PAGE
DC Mini Motors M31E-1 Series 37
Data Sheet of DAC0830/DAC0832 38
8-Bit uP Compatible, Double-Buffered D to A Converters
User’'s Manual of REO8A Rotary Encoder Kit 54

Data Sheet of LM2907/LM2917 Frequency to Voltage 60

Converter

Block Diagram of GUI 72
DAQ Card Terminal Block 73
Hardware 74
Calculation 75

30“—5__@ This PDF was created using the Sonic PDF Creator.

To remove this watermark, please license this product at www.investintech.com



34

CHAPTER 1

INTRODUCTION

1.1  Background

Dc motors have long been the primary means of EtattTraction. DC
motor is considered as a SISO system having tospaefl characteristics compatible
with most mechanical loads [1]. Hence, dc motoesadways a good proving ground
for advanced control algorithm because the thesrgxiendable to other types of

motors.

Normally closed loop operation with Pl controllénsthe inner current loop
and the outer speed loop is employed for speedalptite design of Pl controller is
generally carried out using time/frequency domaialgsis. The speed response of
the drive with PI controllers designed with the @bdoechniques may be satisfactory
but not necessarily be the best, since they dpose any constraint on settling time,
overshoot / undershoot etc. In any classical Pibtrob problem, the required
controller parameters should be optimally desigigespite the method of Zeigler-
Nichols ultimate cycle tuning scheme, these parammetan be optimally obtained

via Genetic Algorithms

Genetic Algorithm’s are general purpose optimmatiechniques which use a
direct analogy of natural evolution where strongmetividuals would likely be the
winners in a competing environment [2Application of genetic algorithm in

Electrical Machines anti contradystems is quite new. This paper explains the
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application ofgenetic algorithm for the design of a Pl Controlier speed control
DC motor.

1.2  Project objective

The objective of this project is to design Pl cohiér, develop Graphical
User Interface (GUI) with implementing PI controliend compare the result from

simulation and experiment in controlling speed ohibtor.

1.3  Project scope

This project is to design and construct a PI cdietravhich is performing to
control a speed of DC motor. As a machine’s peréoroe is a vital factor for a big
production line, this project will examine the eféincy and performance of a Dc
motor with and without controller methodology. Thtise focuses of this project are

as stated below:

)] Create the flow diagram of project

i) Do the offline simulation to get the expected reswith and
without controller.

iii) Design a Graphical User Interface (GUI) with impeating Pl
controller.

iv) Do the online simulation and compare the resultoffiine
simulation before.

V) Result analysis.
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CHAPTER 2

LITERATURE REVIEW

2.1 PI Controller

2.1.1 Proportional Band (P)

With proportional band, the controller output i@portional to the error or a

change in measurement (depending on the controller)
Controller output = (error)*100/ (proportional bgnd (2.1)

With a proportional controller offset (deviationofn set-point) is present.
Increasing the controller gain will make the loop gnstable. Integral action was

included in controllers to eliminate this offsef.[3

2.1.2 Integral (1)

With integral action, the controller output is pooponal to the amount of

time the error is present. Integral action elimasadffset.

Controller output = (1/intergeral) (Integral eft) d(t) (2.2)
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Figure 2.1: Load Step Time Response

In Figure 2.1, notice that the offset (deviatioonfr set-point) in the time
response plots is now gone. This is done for iategction which eliminated the
offset. The response is somewhat oscillatory and lsa stabilized by adding
derivative action [3].

Integral action gives the controller a large gaitoa frequencies that results
in eliminating offset and "beating down" load drftances. The controller phase
starts out at —90 degrees and increases to nezgrées at the break frequency. This
additional phase lag is what you give up by addinegral action.

2.1.3 The two-term controller

The transfer function of the PI controller looKeelithe following:

KPS+KI . +E
5 P s
(2.3)
Kp = Proportional gain

K, = Integral gain
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The variable (e) represents the tracking error, difference between the
desired input value (R) and the actual output s error signal (e) will be sent to
the PI controller, and the controller computes ititegral of this error signal. The
signal (u) just past the controller is now equatht® proportional gain (Kp) times the
magnitude of the error plus the integral gain @ies error [2].

u = Kee +Kifedt (2.4)
This signal (u) will be sent to the plant, and tiesv output (Y) will be
obtained. This new output (Y) will be sent bacltlte sensor again to find the new
error signal (e). The controller takes this newoesignal and computes its derivative

and it's integral again. This process goes on amd o
2.1.4 The characteristics of P and | controllers

A proportional controller (K) will have the effect of reducing the rise time
and will reduce, but never eliminate, the steadyeserror. An integral control (K
will have the effect of eliminating the steady-setadrror, but it may make the
transient response worse. Effects of each of cletsoK, and K on a closed-loop

system are summarized in the table shown in Talile 2

Table 2.1: Effect of Kand K

Controller respond Rise Time Overshot| Settling Time | S-S error
Kp Decrease Increase Small Change Decrease
Ki Decrease Increase Increase Eliminate

Note that these correlations may not be exactlyrate, becausekand K
are dependent of each other. In fact, changingobrieese variables can change the
effect of the other two. For this reason, the tatieuld only be used as a reference
when you are determining the values forafd K [4].
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2.1.5 Tuning Rules Of PI Controller

Controller DC Motor
vils) e(s)

ols)
Kp(l + UES) [ ®  Plant >
Referece or eIt v(s) Output

set-position T position

Position Control System

Figure 2.2: Position Control System

Figure 2.2 shows the position of PI controller io whotor speed control
system. If the mathematical model of the plantrfditor) can be derived, then it is
possible to apply various design techniques foremene parameters of the
controller that will meet the transient and steathte specification of the close loop

system.

The process of selecting controller parameter &etngiven performance
specification is known as controller tuning. Zieghnd Nichols suggested rules for
tuning Pl controller (mean to set the values gfakid K) based on the experimental
step response or based on the value pothit result is marginal stability when only
proportional control action is used [5]. ZieglereNols rules, which are briefly
presented in the following, are useful when matheabmodels of plans are not
known. These rules can, of course, be applied wgdeof system with known
mathematical models. Such rules suggest a setloés of i and K that will give a
stabile operation of the system. However, the tegukystem may exhibit a large
maximum overshoot in step response, which is umdabe. In such a case, we need
series of fine tunings until an acceptable ressilbbtained. In fact, the Ziegler-
Nichols tuning rules give an educated guess foampater values and provide a
stating point for fine tuning, rather then givirgetfinal settings for Kand K in a
single shot.
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Ziegler and Nichols proposed rules for determinuadues of proportional
gain, K, and integral time, Kbased on the transient response characteristgiverf
plant. Such determination of the parameter of Ritratler or tuning of Pl controller
can be made by engineers on-site by experimenthemplants. Numerous tuning
rules for Pl controllers have been proposed siheeZiegler-Nichols proposal. They
are available in the literature and from the macuwii@s of such controllers. There
are two methods called Ziegler-Nichols tuning ruteg first method and the second

method.

First method

Plant

uit) cit)

Figure 2.3: Response to a unit-step input

In the first method, we obtain experimentally tesponse of the plant to a
unit-step input, as shown in figure 2.3. If therplanvolves neither integrator(s) nor
dominant complex-conjugate poles, then such asigfi-response curve may look S-
shape as shown in figure. This method appliegésponse to a step input exhibit an
S-shaped curve. Such step-response curves maynbeaged experimentally of from

dynamic simulation of the plant [2].
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Figure 2.4: Response with tangent line

The S-shape curve may be characterized by twotaass delay time L and
time constant T. The delay time and constant timee deetermined by drawing a
tangent line (Figure 2.4) at the inflection point the S-shaped curve and
determining the intersections of the tangent linhthe time axis and line c(t) = K

as shown in figure. The transfer function C(s) Jufsy then be approximated by

fist-order system with transport lag as follows;

C(s) = __Ké&*
u(s) Ts+1 (2.5)

Ziegler and Nichols suggested setting the valu€,aind K according to the
formula shown in Table 2.2:

Table 2.2: Ziegler and Nichols’ setting value fd? lind Ki

Type OF Kp Ki
Controller
T o0
P L
T L
09 = =
= L 03
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Notice that the PI controller tune by the first het of Ziegler-Nichols rules gives

o) = kp(1+_1 ) (2.6)
KiS

= oofn + 03 )
L L

The first method explains about how to tune theditroller in the first order
system only. But this project is about second oddliese loop system. A study need

to be done to tune the second order system ineitrensl method.

Second Method

r(t) u(t)
4@—> K »  Plant » c(t)

Figure 2.5: Second Method Control System

In the second method, i « was set. Using the proportional control action
only (see figure), increase,Krom 0O to a critical value Kcr at which the outdinst
exhibits sustained oscillations. (If the output sle®t exhibit sustained oscillations
for whatever value of Kmay take, then this method does not apply) This, t
critical gain Kcr and the corresponding period Boe experimentally determined
(see figure). Zeigler and Nichols suggested thasetehe value of the parameters K

and K according to the formula shown in the Table 2.3.
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C{t} )

«— Pt —»

Figure 2.6: Position of Pcr

Table 2.3: Second method of Zeigler-Nichols rules

Type Of Kp Ki
Controller
P 0.XKcr 0
Pl 0.4%cr _1 Pcr
1.2

Notice that the PI controller tuned by the secorethod of Zeigler-Nichols rules in

Table 2.3 gives.

Ge(s) = Kp(l+_1)
KiS

= 045 K((rl + 1 )
1.2 PcrS
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2.2 Dc Motor
2.2.1 History of Dc Motor (Plant)

Electric motors exist to convert electrical eneigiyo mechanical energy.
This is done by two interacting magnetic fieldse atationary and another attached

to a part that can move [7].

DC motors have the potential for very high torgapabilities; although this
is generally a function of the physical size of thetor, are easy to miniaturize, and
can be "throttled" via adjusting their supply vgkka DC motors are also not only the

simplest, but the oldest electric motors.

The basic principles of electromagnetic inductiere discovered in the
early 1800's by Oersted, Gauss, and Faraday. 18, H&ins Christian Oersted and
Andie Marie Ampere discovered that an electric enrproduces a magnetic field.
The next 15 years saw a flurry of cross-Atlantiperimentation and innovation,

leading finally to a simple DC rotary motor [8].

Because of the work of these people, DC machimesoae of the most
commonly used machines for electromechanical enemyersion. Converters
which are used continuously to convert electrioput to mechanical output or vice
versa are called electric machines as shown inr€&ig@u7. An electric machine is
therefore a link between an electrical system andesghanical system. In these
machines, the conversion is reversible. If the ession is from mechanical to
electrical, the machine is said to act as a geoerdtt the conversion is from
electrical to mechanical, the machine is said toagca motor. Therefore, the same

electric machine can be made to operate as a gdenasawell as a motor.
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Electrical IMMechanical
system systetn
DC machine
> Motor
Energy flow
enerator +

Figure 2.7: Electromechanical energy conversion

DC machines may also work as brakes. The brakeerisod generator action
but with the electrical power either regenerateddissipated within the machine
system, thus developing a mechanical braking effeetso converts some electrical

or mechanical energy to heat, but this is undesired

The major advantages of DC machines are easy spektbrque regulation.
The major parts of any machine are the stationarpponent, the stator, and the

rotating component, the rotor.

2.2.2 Principles of operation.

In any electric motor, operation is based on sarglectromagnetism [9]. A
current carrying conductor generates a magnetid fiehich when placed in an
external magnetic field; it will experience a forgmportional to the current in the
conductor and to the strength of the external miagngeld. The internal
configuration of a DC motor is designed to harrtegsmagnetic interaction between
a current-carrying conductor and an external magrfetld to generate rotational

motion.

The geometry of the brushes, commutator contacis,rator windings are
such that when power is applied, the polaritieghef energized winding and the
stator magnet(s) are misaligned, and the rotor neithte until it is almost aligned
with the stator's field magnets. As the rotor reschlignment, the brushes move to

the next commutator contacts, and energize thewexting.
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