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ABSTRACT

Field-Oriented Control (FOC), allows high performance of the induction
motor drive by using vector control to overcome the coupling effect and
inferior dynamic response of scalar control. The basic idea of the vector
control is to decompose a stator current into a magnetic field-generating
component (ids) and a torque generating component (igs) and both
components can be separately controlled to make the performance of the AC
machine similar to that of DC machine. The instantaneous current magnitude
and position of the rotor flux space vector must continuously be known with
precision in order to achieve and maintain perfect field orientation. The
effectiveness of the proposed control method is verified by using
MATLAB/SIMULINK Software and results are presented to validate the
effectiveness of topology.



saliioal)

aSaill aladinly Adladl B oaal il Adiall S aall maws ((FOC) Gl 4 sall oSl
3OS bl sl Al ASualiall LYl z el il e Gl alasy)
(ids) (orbaliall Jladll 4 s () Sl pumall s il (o ala¥) ool Zady)
LsSle elal Jaal Jeabie J5 Legle aSaill (Say ¢ mainl) IS (igS) Glosdl aie A8 ey
OF G sl gamal) mga s Jll Alaalll Aal) | painal) Ll 25SLal dlilaa 230 Ll
Ga il oy pandalinall Gaill dga g8 Juad) 383 Jal (e A8y aiae IS5 G5 me LS
Gl = 235 SIMULINK/MATLAB eli aladiuly ¢ el oSaill coglud 44llad

Akl 4llad e (gEaill



TABLE OF CONTENTS

Page

LY i
DEDICATION I
ACKNOWLEGEMENT ii
ABSTRACT W
Ualdiie Y
TABLE OF CONTENTS vi
LIST OF FIGURES IX
LIST SYMBOLS X
LIST ABBREVIATIONS Xii

Chapter One

Introduction
1.1 Background 1
1.2 Problem Statement 2
1.3 Objectives 2
1.4 Methodology 2
1.5 Project Outline 2

Chapter Two

Induction Motor and Different Control Method

2.1 Introduction 4
2.2 Three Phase Induction Motor 4
2.2 Construction 5
2.3.1 Stator 6
2.3.2 Rotor 7
2.4 Operation principle of 3-Phase induction motor 8

Vi




2.4.1 Equivalent circuit

2.4.2 Slip 11
2.5 Different speed control methods 12
2.5.1 Stator voltage control method 13
2.5.2 Frequency control method 14
2.5.3 Voltage Hertz (\V/F) control method 14
Chapter Three
Variable Frequency Drive and Field Oriented Control
3.1 Introduction 17
3.2 Scalar and vector control methods 17
3.3 Direct torque control 19
3.4 Field oriented control 21
3.5 Voltage source inverter 27
3.6 Hysteresis controller 28
Chapter Four
Simulations and Work Method
4.1 Introduction 30
4.2 Layout 30
4.2.1 Induction motor 31
4.2.2 Power electronic inverter 31
4.2.3 Controller 32
4.3 Scenarios 34
4.3.1 Normal operation response 34
4.3.2 Response with varying speed 36
4.3.3 Response with varying torque 37

Chapter Five
Conclusions and Recommendations

Vi




5.1 conclusion 38
5.2 Recommendations 38
References 39

viii




LIST OF FIGURES

Figure Title Page
2.1 | Squirrel cage three phase induction motor 5
2.2 | Stator 6
2.3 | Squirrel cage type rotor 7
2.4 | Per phase equivalent circuit of induction motor 9
2.5 | Approximate per phase equivalent circuit of IM 10
2.6 | Speed torque characteristics with variable voltage 13
2.7 | Speed torque curve with variable frequency 14
2.8 | Speed torque curve with constant V/F ratio 16
3.1 | Variable frequency drive classification 19
3.2 | Block diagram of the DTC drive system 20
3.3 | Field-oriented torque-control system for an induction motor 27
3.4 | Output stage of a two level three phase voltage source 28

inverter with an ideal three phase motor model connected
3.5 | Block diagram of hysteresis current controller scheme 29
4.1 | Schematic diagram of project circuit 30
4.2 | Shematic diagram of FOC controller 33
4.3 | Normal operation response 36
4.4 | Response with varying speed 38
4.5 | Response with varying torque 38




LIST SYMBOLS

Ns | Synchronous speed

F Frequency

P | Number of poles

Rs | Stator resistance

R, | Rotor resistance

Ly | Stator inductance

L, | Rotor inductance

L | Magnetic inductance

Rm | Copper losses resistance
In | Magnetic part current
Vs | Voltage source

Is | Input current

P, | Air gap power

Pis | Stator copper losses

P\, | Rotor copper losses
Vm | Magnetic part voltage
P, | Output power

T. | Development torque

om | Rotor angular speed

S |Slip

®e | Synchronous angular speed
¥, | Air gap flux

g | Synchronous angular speed
N, | Rotor speed

Tm | Developed torque

P, | Pair of pole

As | Stator flux

A | Rotor flux

L, |leakage

Oy | Angle between space vector
Ao | Direct flux

Aq | Quadrate flux

Aar | Rotor direct-axis flux
Aq | Rotor quadrate-axis flux
ip | Direct current

Io | Quadrate current

Direct current of rotor




iQr

Quadrate current of rotor

XmO

Magnetizing reactance

T

Rotor time constant

Xi




LIST OF ABBERIVIATIONS

DC Direct Current
FOC | Field Oriented Control
AC Alternating current
VVVF | Variable Voltage Variable Frequency
VSC | Voltage Source Converter
FHP Fractional Horse Power
EMF | Electro Motive Force
V/F Voltage Frequency control method
ASDs | Adjustable Speed Drive
DTC | Direct Torque Control
SVM | Space Vector Modulation
DSC | Direct Self-Control
SPWM | Space Pulse Width Modulation
SVPWM | Space Vector Pulse Width Modulation
Pl Proportional Integral

Xii




