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ABSTRACT 

 

In this work, we have studied different control strategies of induction motor drives and with 

the technological advancement, various command approaches have been developed by the 

scientific community to master in real time, the flux and the torque of the electrical machines, 

the direct torque control (DTC) scheme being one of the most proven steps in this direction. 

In principle, the motor terminal voltages and currents are sampled and used to estimate the 

motor flux and torque. Based on estimates of the flux position and the instantaneous errors in 

torque and stator flux magnitude, a voltage vector is selected to restrict the torque and the 

flux errors within their respective torque and flux hysteresis bands. In the conventional DTC, 

the selected voltage vector is applied for the whole switching period regardless of the 

magnitude of the torque error. This results in high torque ripple. A better drive performance 

can be achieved by varying the sector angle in modified DTC. 

The space vector modulation technique (SVPWM) is applied to 2 level inverter with 12 

sectors angular control in the DTC drive system to reduce the torque ripple. The results are 

simulated and compared using the MATLAB/ Simulink. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

TABLE OF CONTENTS 

                                     Page No 

Certificate                               i 

Acknowledgement                                                     ii 

Abstract                                                                                                                                iii 

Table of Contents                                                                                                                  iv 

Abbreviations                     vi 

List of Figures                                                                                                                      vii 

List of Tables                                                                                                                        viii 

 

CHAPTER 1: INTRODUCTION 

1.1 Overview          1 

1.2 Features of Direct Torque Control (DTC)      3 

1.3 Motivation          3 

1.4 Objective          4 

1.5 Review of Literature         4 

1.6.  Organisation of the Thesis Work       9 

 

CHAPTER 2: INDUCTION MOTOR MODEL AND ITS GENERALITIES 

2.1       Equations of the Induction Machine Model      10 

 2.1.1   Introduction         10 

 2.1.2   Voltage Equations        11 

 2.1.3   Application of Park’s transformation      12 

 2.1.4   Voltage matrix equations       14 

   2.1.4.1      Fixed to Stator        14 

   2.1.4.2      Fixed to Rotor       14 

   2.1.4.3      Fixed to Synchronism           14 

 

CHAPTER 3: DIRECT TORQUE CONTROL OF INDUCTION MOTORS 

3.1 Introduction          16 

 3.1.1  DC drives analogy        16 

 3.1.2  Principle of direct torque control of induction motor   17 

 



v 
 

3.2 DTC Controller         18 

 3.2.1   Voltage Source Inverter       18 

3.3 DTC Schematic         21 

 3.3.1   Methods for Estimation of Stator Flux in DTC    22 

 3.3.2        Direct flux control        23 

 3.3.3         Torque hysteresis controller       24 

 

CHAPTER 4: SPACE VECTOR PULSE WIDTH MODULATION FED 

INDUCTION MOTOR DRIVES 

4.1      Introduction          25 

4.2      Theory of Space vector pulse width modulation     25 

 4.2.1      Realization of voltage space phasor      25 

 4.2.2      Pulse pattern generation       27 

 

CHAPTER 5: MODEL SIMULATION AND RESULTS 

5.1  Improvement by Sector Change       29 

5.2  Improvement through 12 Sectors SVPWM DTC     31 

5.3   Induction Motor Parameters        33 

5.4  Results for Conventional DTC                  33 

5.5  Results for Modified DTC                   34 

5.6  Results for 12 Sectors SVPWM DTC      36 

 

CHAPTER 6: COMPARISION AND CONCLUSIONS 

6.1 Comparison           38 

6.2 Conclusion           39 

6.3 Future Scope          39 

 

REFERENCES 

 

 

 

 



vi 
 

ABBREVIATIONS 

 
 
AC   : Alternating Current 

ANN   : Artificial Neural Network 

D   : Direct Axis 

DC   : Direct Current 

DEG   : Degree 

DTC   : Direct Torque Control 

EMF   : Electromotive Force 

FOC   : Flux Oriented Control 

GA   : Genetic Algorithm 

HP   : Horse Power 

IGBT   : Insulated Gate Bi Polar Transistor 

IM   : Induction Motor 

PI   : Proportional Integral 

PSO   : Particle Swarm Optimization 

PWM   : Pulse Width Modulation 

Q   : Quadrature Axis 

SAT   : Sector Advancing Technique 

SVM   : Space Vector Modulation 

SVPWM  : Space Vector Pulse Width Modulation 

VSI   : Voltage Source Inverter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

LIST OF FIGURES 

 

  

FIGURE 

NO. 

                      NAME OF FIGURE     PAGE 

  NO. 
 

1.1 The Block Diagram for AC Motor Drive System 2 

1.2 Basic Direct Torque Control (DTC) Scheme. 2 

2.1 Cross section of Elementary Symmetrical 3ϕ Induction Motor 11 

2.2 Scheme of Equivalent Axis Transform 13 

3.1 Basic Model of a Separately Excited DC Motor 16 

3.2 Voltage Source Inverter 19 

3.3 Stator Flux Vector Locus and Switching Voltage Vectors 20 

3.4 Circular Trajectory of Stator Flux 23 

3.5 Torque Hysteresis Controller 24 

4.1 Inverter Switching State Vectors 26 

4.2 Reference Vector in Sector 1 27 

4.3 Leg Voltages and Space Vector Disposition in Sector 1 28 

5.1 Simulink Model for conventional DTC 29 

5.2 Implementation of Flux and Torque Error Through Voltage Vectors 30 

5.3 Simulink Model for Modified DTC 31 

5.4 Three Level Voltage Inverter Vectors  31 

5.5 Implementation of 12 Sectors in the SVPWM DTC Simulink Model 32 

5.6 Simulink Model for SVPWM based DTC 32 

5.7 Stator Current Characteristics of Conventional DTC 33 

5.8 Torque Characteristics of Conventional DTC 34 

5.9 Rotor Speed Characteristics of Conventional DTC 34 

5.10 Stator Current Characteristics of Modified DTC 35 

5.11 Torque Characteristics of Modified DTC 35 

5.12 Rotor Speed Characteristics of Conventional DTC 36 

5.13 Stator Current Characteristics of 12 Sectors SVPWM DTC 36 

5.14 Torque Characteristics of 12 Sectors SVPWM DTC 37 

5.15 Rotor Speed Characteristics of 12 Sectors SVPWM DTC 37 

6.1 Comparison of Stator Current Characteristics 38 

6.2 Comparison of Torque Characteristics 39 

 



viii 
 

LIST OF TABLES 

 

 

TABLE 

NO. 

NAME OF THE TABLE PAGE 

NO. 
3.1 General Selection Table for DTC, ‘K’ being the sector number 21 

3.2 Conventional Look Up Table 21 

5.1 Look Up Table for Modified DTC 30 

 

 

 

 

 

  

 

  

 

 

 

 

 

 

 

 



1 
 

CHAPTER 1 

INTRODUCTION 

 

1.1 Overview  

Induction motors are the work horses in industries for variable speed applications 

starting from fractional horse power motors to multi megawatt motors. The application of 

Induction motor includes pumps, Paper and Textile mills, fans, locomotive propulsions, 

robotics, home appliances, air conditioning, rolling mills etc. Other than the process 

control, there is a lot of attention towards the energy saving aspects of variable frequency 

drives. 

 

There is a considerable amount of increase in power handling capacities of the 

power electronic devices observed during the recent development in the semi-conductor 

technologies. However in the multi-level inverters, there is distortion in the output 

voltages due to lower order harmonics when compared with standard two-level inverter at 

same frequency. Control of induction motor is a challenge in itself owing to fast motor 

dynamics and non-linearity in mathematical models of the machines. Therefore the task is 

to derive a suitable mathematical model of the motor. 

 

Two comparable control techniques in modern automated system with respect to 

ac motor drives are: (a)  Field Oriented Control (FOC) popularly known as Vector 

Control and (b)  Direct Torque Control (DTC). Almost 40 – 43 years back, F.Blaschke in 

year 1971 presented a paper on induction motor control through Field Oriented Control 

(FOC) strategy. Now this technique is considered to be a mature one from industrial point 

of view and several drives of this type are available in the market. The block diagram for 

AC motor drive system is given in figure 1.1. The Field Oriented Control techniques are 

very complex and highly sensitive to inaccuracy in parameters of the motor. A 

considerable amount of research is already devoted in this field. Now the aim is to 

develop a simpler technique in speed control. One method known as Direct Torque 

Control (DTC) is popular and was coined by I. Takahashi and M. Depenbrock for voltage 

fed PWM inverter drives during mid 1980s and today this control scheme is considered as 

the world’s most advanced AC Drives control technology. This is a simple control 
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technique which does not require coordinate transformation, PI regulators, and Pulse 

width modulator and position encoders 

 

   

                 

 

 

                                                     

                                Figure 1.1 Block Diagram of AC Motor Drive System. 

 

 

This technique displays results which are comparable in nature with vectored 

controlled drives. The scheme involves direct control of torque and stator flux of the drive 

by inverter voltage space vectored selection using look-up tables. In conventional DTC, 

the electromagnetic torque and flux are independently controlled through suitable 

selection of optimum inverter switching modes. This is made to limit the errors in 

electromagnetic torque and flux linkages within torque and flux hysteresis bands. The 

basic DTC technique shown in figure 1.2 consists of major blocks as two comparators 

with specified bandwidth, switching table, flux and torque estimator, voltage source 

inverter.                                     

 

   

 

                       

 

 

 

 

 

 

 

 

                      Figure 1.2 Basic Direct Torque Control (DTC) Scheme 
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1.2 Features of Direct Torque Control (DTC) 

The main features of DTC are as follows 

(a) The flux and torque are directly controlled. 

(b) The stator voltages and currents are indirectly controlled. 

(c) Approximately sinusoidal stator fluxes. 

(d) At standstill condition high dynamic performance. 

 

The main advantages of DTC are as follows 

(a) Absence of co-ordinate transforms. 

(b) Absence of voltage modulator block, as well as other controllers such as PID for 

motor flux and torque. 

(c) Minimal torque response time, even better than the vector controllers. 

 

Some of the disadvantages associated with DTC are as follows 

(a)   Possible problems during starting. 

(b)   Requirement of torque and flux estimators, implying the consequent parameters 

identification. 

(c)   Inherent torque and stator flux ripple. 

 

 

1.3  Motivation 

 The electric drives used in industry are Adjustable Speed Drives and in most of 

these drives AC motors are applied. Induction motors are the standard in these drives. 

Induction motors are today the most widely used ac machines due to the advantageous 

mix of low cost, reliability and performance. So effective control of IM parameters e.g. 

speed, torque and flux is of utmost importance. From the investigation of the control 

methods it is known that torque control of IM can be achieved according to different 

techniques ranging from inexpensive Volts/Hz ratio strategy to sophisticated sensorless 

vector control scheme. But every method has its own disadvantages like losses, need of 

separate current control loop, coordinate transformation (thus increasing the complexity 

of the controller), torque and current ripple etc. So it is very much necessary to design a 

controller to obtain an ideal electric vehicle motor drive system which would have high 

efficiency, low torque ripple and minimum current distortion. 
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1.4  Objective 

 The objective was to analyse the limitations of the conventional direct torque 

control drives and to develop some modified technique for DTC in order to improve its 

performance.  The application of space vector pulse width modulation technique on DTC 

for further improvement its performance. The above techniques are modelled using 

MATLAB/Simulink and the analysis was carried out through results. 

   

 

1.5 Review of Literature 

Joachim Bocker and Shashidhar Mathapati [1], have illustrated the historical and recent 

developments in the field of control of Induction motors and its major milestones. 

Subsequently they have proposed how in today’s industrial standards, the results are 

translated and finally what are the recent trends in industries and research in respect of 

control of induction motor. 

 

Dal Y. Ohm [2], have proposed that the dynamic model of induction motor is necessary 

for understanding and analysing vector control of induction motor. But the dynamic 

model equations are very complex and it has many different forms of model based on the 

choice of the reference frame. They have explained various forms in a concise way in 

order to make it understand clearly. Finally, the basic principles of vector control were 

discussed generally along with the development of fundamental dynamic mechanism of 

the motor in respect to synchronous frame. 

 

Inoue.et.al [3], have  explained a control method for permanent magnet synchronous 

motor drive system based on direct torque control technique suitable for limited armature 

voltage and current. Firstly, they proposed the flux-weakening and torque limiting control 

that is required for a direct torque control based drive system. They have used a 

mathematical model in rotating reference frame synchronized with stator flux linkage. 

Secondly, it utilizes an anti-windup scheme for torque controller used in direct torque 

system. The degradation in performance of torque limiting (current limiting) control is 

observed due to windup of the controller. Hence with application of anti-windup, there is 

an improvement in the performance of the proposed torque limiting method especially in 

transient state. The proposed system achieved stable control with direct torque control 
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based drives combined with a speed controller. The effectiveness of the model has been 

confirmed experimentally. 

 

Hoang Le-Hung [4], has done a comparative study between two most important and 

popular control techniques for induction motor drives, i.e. Field Oriented Control (FOC) 

and Direct Torque Control (DTC). The comparison has been carried out involving various 

criteria like basic control characteristics, dynamic performance, implementation 

complexities and parameter sensitivity. It has been studied with the help of simulation 

using Simulink Power System Block Set which contains various representations of power 

system (inverter and induction motor) and the control system. Actual parameters of a 50 

HP induction motor fed with IGBT PWM inverter used for simulation and evaluation of 

both the control techniques. 

 

A. A. Ansari and D.M Deshpande [5], have proposed different models of Induction 

Motor and guidelines for their use along with their typical results. Firstly they developed 

a mathematical model of the small power induction motor and carried out dynamic 

simulation of the model. The dynamic simulation is a key tool for validation of the design 

process of the drive system of the motor. It is also required for prototype construction and 

testing in order to eliminate inadvertent design mistakes and errors. Secondly it has 

demonstrated the simulation of the steady state performance of induction motor through 

MATLAB program. The modelling of a 3-Phase induction motor and its simulation has 

been done through Simulink. 

 

R J Lee et. al [6], have explained the equation of reference frames using 2 axis (d & q) 

theory for simulation of induction machines. The case studies have been considered in 

order to demonstrate that depending upon the problem and the type of computer available 

the reference frames are required to be chosen. 

  

Wu Tao and Zhoo Liang [7], has described the theory behind the mathematical model of 

induction motor. The model of induction motor vector control has been developed with 

simulation tool-kit of MATLAB / Simulink. The details of various subsystems are also 

discussed in this paper. The simulation is used to verify the correctness of the model and 

effectiveness of the control system. The system gives good dynamic and static 

performance. 
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Praveen S Babu and Dr. S Ushakumari [8], have explained the main drawback of the 

conventional Direct Torque Control technique ie. high torque, flux ripples and variable 

switching frequency of the devices. The drawback has been rectified using space vector 

modulation (SVM) technique. They developed two modified direct torque control 

schemes using Proportional Integral (PI) controller and sliding mode controllers. The 

analysis of the same was confirmed by simulation using MATLAB / Simulink. 

 

M. Lakshmi Swarupa. et. al [9] have explained new scheme of direct torque control of 

induction motor used in electric vehicles and a suitable torque control scheme. The drive 

used in electric vehicle comprises of rewound induction motor and a three level IGBT 

inverter. The schemes under consideration were (1) Field – Oriented Control, (2) Direct 

Torque Control and (3) Space Vector Modulation based DTC. The results were compared 

in Simulink and the best result was obtained for Space Vector Modulation based DTC. 

 

Emesto Ruppert Filho and Ronaldo Martins de Souza [10] have presented the dynamic 

model of induction motor, frequently used by electrical machine researchers in motor 

dynamic studies, constituted with the help of four voltage differential equations and one 

mechanical differential equation. The three phase induction motor dynamic mathematical 

model being comprehensive and includes the skin effect, the temperature influences on 

the motor parameters and allows for the stator and rotor winding and core average 

temperature evaluation. This model has been useful for motor speed changing, 

intermittent loading analysis and for those motors which are fed from non-sinusoidal 

voltage. The model can be utilised for energy conservation and power quality subject 

analysis. 

 

H.F. Abdul Wahab and H. Sanusi [11], have presented DTC as an alternative to the 

Field Oriented Control (FOC) or vector control technique. Though the two control 

schemes are different in their operating principle, but their objective are almost same. 

Their aim being effective control of torque and flux. Comprehensive studies of DTC 

strategy for torque control of induction machine has been presented in this paper. The 

performance of the proposed control technique has been demonstrated with simulations 

using Simulink / MATLAB. Also several numerical simulations were carried out in 

transient and steady state operation for speed control. 
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B.Karanayil and M.F.Rahan [12], have proposed and validated the complete dynamic 

model of induction motor, with an indirect rotor flux oriented vector controller with the 

help of Simulink. The Simulink model takes the dynamic model of three phase induction 

motor along with inverter and its control system. The model has been developed for the 

study of the effects of the parameter variations in a vector controlled drive, also 

development being carried out for parameter estimator using Artificial Neural Network 

(ANN) and Fuzzy logic. 

 

Narasimamhan PVR. et.al [13], have represented the improvement in the dynamics 

associated with DTC drives by using estimators, observers and machine intelligence 

systems. The paper has proposed Sector Advancing Technique (SAT) for reduction in the 

response time of the drive for known torque. The validation of the proposed technique 

being carried using Simulink models and the performance of SAT with DTC has been 

found to be better than conventional DTC. 

 

C.J.Bonanno et. al [14], have illustrated with the help of voltage – current mode 

algorithm or physical based algorithm the rotor flux can be estimated for a direct field 

oriented induction machine. 

 

Hind Djeghloud and Hocine Benalla [15], have investigated the multilevel converters 

which has provided high safety voltages with less harmonic components compared to the 

two-level inverters. Employed for converter's gating signals generation, the space-vector 

pulse width modulation (SVPWM) strategy reduces the switching losses by limiting the 

switching to the two thirds of the pulse duty cycle. It has been explained, via simple and 

easy algebraic expressions, the application of the SVPWM on the three-level voltage 

inverter. 

 

Manoj Kumar Sahu. et.al [16], have discussed the direct torque control (DTC) as a 

control technique in AC drive systems to obtain high performance torque control. The 

classical DTC drive contains a pair of hysteresis comparators and suffers from variable 

switching frequency and high torque ripple. This problem has been solved by the use of 

space vector depending on the reference torque and flux. The space vector modulation 

technique has been applied to the three-level neutral Point Clamped inverter control in the 
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proposed DTC-based induction motor drive system, resulting to a significant reduction of 

torque ripple. 

 

K. Suman et.al [17], have explained the application of space vector modulation technique 

in (SVPWM) 2 level inverter control DTC-based induction motor drive system and has 

dramatically reduced the torque ripple. Thereafter the controller based on space vector 

modulation has been designed to be applied in the control of Induction Motor (IM) with a 

three-level Inverter which has resulted into further improvement. 

 

Subrata K Mondal and Bimal K Bose [18] have explained the importance of multilevel 

voltage fed inverter with SVPWM in high power industrial drives applications. They have 

also explained the switching philosophy for both the under modulation and over 

modulation algorithm. The switching states could be designed in such a way that the 

neutral point voltage always remains balanced. 

 

N. Venkataramana Naik and S.P.Singh[19] have presented the scalar control as well as 

direct torque control for speed control of induction motor. They have demonstrated that 

the SVPWM could be utilized for better voltage regulation and better dynamic response 

of induction motor through considerable reduction in harmonics in voltage as well as 

current of the inverter. 

 

Mohamed.M.Ismail[20], has proposed GA and PSO algorithm for improvement of speed 

control for two level and three level inverter and thereby mitigating the problem of 

controlling the Π model induction motor with magnetic saturation. 

 

Guo Qing and Gao Yun[21], have developed a asynchronous motor direct torque control 

system where in the size of flux determines the switching time of non zero voltage vector 

and thus affects the hexagonal flux trajectory. An open loop direct torque control system 

has been developed and simulated through MATLAB for validation of the proposed 

theory. 
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1.6.  Organisation of the Thesis Work 

 
Chapter II gives a review of the induction motor modelling. It discusses the mathematical 

model of three phase induction motor, the concept of reference frames and the induction 

motor dynamic equations in various reference frames, the equations obtained in stationary 

reference frame are required to be applied on further chapters during the course of work. 

 

Chapter III covers the fundamental principles of DTC strategy of induction motors, the 

building up of the look up tables and the limitations of the conventional DTC drives. The 

voltage vector diagram is also discussed. 

 

Chapter IV explains the Space Vector Pulse Width Modulation based technique, its basic 

principle and building up of lookup table from the voltage vector diagram and its 

application in Direct Torque Control (DTC). 

 

Chapter V deals with the Simulation of the various Models developed and their results. 

  

Chapter VI provides the comparison of the results obtained after simulation and 

conclusions.  
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CHAPTER 2 

INDUCTION MOTOR MODEL AND ITS GENERALITIES 

 

2.1       Equations of the Induction Machine Model 

 

2.1.1      Introduction 

                 A dynamic model of the machine subjected to control should be known before 

hand in order to understand and design vector controlled drives. Due to the fact that every 

good control has to face some possible change of the plant, it could be said that the 

dynamic model of the machine should be a good approximation of the real plant. 

Moreover, the model should incorporate all the important dynamic effects occurring 

during both transient and steady-state operations. Further, it should be valid for any 

changes in the inverter’s supply such as voltages or currents [22] [23]. Such a model can 

be obtained by means of either the space vector phasors theory or two-axis theory of 

electrical machines. Despite of the compactness and the simplicity of the space phasors 

theory, both methods are actually close to each other. The cross section of elementary 

symmetrical three phase induction motor is given in figure 2.1. For simplicity, the 

induction motor under consideration will have the following assumptions: 

•  Three phase winding with symmetrical two-poles. 

•  Neglect slotting effects. 

•  The permeability of the iron parts is considered infinite. 

•  The flux density is radial along the air gap. 

•  Iron losses are neglected. 

•  The stator and the rotor windings can be simplified as a single or multi-turn full 

pitch coils situated in between two sides of the air gap.                                                                                                                                                                                                                                                                                              
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Figure  2.1. Cross section of elementary symmetrical three phase induction motor. 

 

2.1.2      Voltage Equations 

                The stator voltages will be formulated in this section from the motor natural 

frame, known as the stationary reference frame which is fixed to the stator. In a similar 

way, the rotor voltages will be obtained with respect to the rotating frame fixed to the 

rotor. Thus in the stationary reference frame, the equations can be obtained as follows: 

 

                                 
        

  
                                    ------------------------------------- (2.1)                                                    

                                 
        

  
                                    ------------------------------------- (2.2)                                                                            

                                 
        

  
         ------------------------------------ (2.3)                                                                            

 

Similar expressions can be obtained for the rotor: 

 

                                  
        

  
                                     ------------------------------------ (2.4) 

                                  
        

  
            ------------------------------------ (2.5)                                          

                                  
        

  
            ----------------------------------- (2.6) 

The instantaneous stator flux linkage per phase can be expressed as: 
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In a similar way, the rotor flux linkages can be expressed as follows: 
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Taking into account for all the previous equations from 2.7 to 2.8, and using the matrix 

notation for compactness of all the expressions, the following expression is thus obtained 

 

 

 
 
 
 
 
 
   

   

   

   
   

    
 
 
 
 
 

 

 
 
 
 
 
 

                       

                       

                             

                             

                             

                             

                             

                             

                            

 

                           

                        

                           
 
 
 
 
 

 
 
 
 
 
 
   
   
   
   
   
    

 
 
 
 
 

 

                                 --------------- (2.9) 

 

2.1.3    Application of Park’s transformation 

  In order to reduce the expressions of the induction motor equation voltages given 

in equation 2.1, 2.2, 2.3, 2.4, 2.5 and 2.6 and obtain constant coefficients in the 

differential equations, the Park’s transform needs to be applied. Physically, it can be 

understood as transforming the three windings of the induction motor to just two 

windings, which is shown in figure 2.2 [22]. 



13 
 

 

Figure  2.2. Scheme of equivalent axis transformation 

 

In the symmetrical three-phase machine, the direct and the quadrature-axis stator 

magnitudes are considered to be fictitious. The equivalent for these direct (D) and 

quadrature (Q) magnitudes with the magnitudes per phase are given as: 
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where "c" is a constant that can take either the values 2/3 or 1 for the non-power invariant 

form or the value 2 / 3 is selected for the power-invariant form. These previous equations 

can be applied for any other magnitudes such as currents and fluxes. Now the expression 

2.9 can be further simplified into a much smaller expression in 2.12 by means of applying 

the above mentioned Park's transform. 
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where, 

 

             ,              and     
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2.1.4    Voltage matrix equations 

  If the matrix expression 2.12 is simplified, new matrixes are obtained as shown 

in equations 2.14, 2.15 and 2.16. 

 

2.1.4.1 – Fixed to the stator 

It means that   = 0 and consequently   =     
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2.1.4.2 – Fixed to the rotor  

It means that   = 0 consequently   =    
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2.1.4.3 – Fixed to the synchronism 
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After finding out the voltage matrix, these vectors are used for the Space Phasor 

Notations for current phasors which allows the transformation of the natural 

instantaneous values of the three phase system into a complex plane located in the cross 

section of the motor. In this plane, the space phasor rotates with an angular speed equal to 

the angular frequency of the supply of the three phase system. The torque expression is 

further derived by means of energy consideration. 
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CHAPTER 3 

DIRECT TORQUE CONTROL OF INDUCTION MOTORS 

 

3.1 Introduction 

 

3.1.1 DC drives analogy 

In a dc machine, neglecting the armature reaction effect and field saturation, the 

developed torque is expressed as 

 

 

Figure 3.1 Basic model of a separately excited DC motor 

 

             Te = Ka .Ia .If                                                                  ---------------- (3.1) 

 

Where Ia = armature current and If = field current                          

           

   The construction of a DC machine is such that the field flux ψf produced by the 

field current If is perpendicular to the armature flux ψa, which is produced by the armature 

current Ia. These space vectors, being stationary in space, are orthogonal to each other or 

decoupled in nature as shown in figure 3.1. This means that when torque can be 

controlled by controlling the current Ia, the field flux ψf is not effected and thus we get the 

fast transient response and high torque/ampere ratio at the rated ψf. Because of this 

decoupling, when the field current If is controlled, it affects only the field flux ψf, but not 

the armature flux ψa. The DC machine like performance is being observed in Direct 

Torque Controlled (DTC) drives. In DTC drives, the de-coupling of the torque and flux 

components can be achieved by using hysteresis comparators which compares the actual 

and estimated values of the electromagnetic torque and stator flux. The DTC drive 

   STATOR 
ROTOR 

Ψf 

Ia 
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consists of a controller, torque calculator and flux calculator, along with a Voltage Source 

Inverter (VSI). 

 

3.1.2 Principle of direct torque control of induction motor 

Direct torque control was developed by Takahashi and Depenbrock as an 

alternative to field-oriented control [22][24]. In a direct torque controlled (DTC) 

induction motor drive which gets supply from a voltage source inverter, it is possible to 

control the stator flux linkage ψs (or the rotor flux ψr or the magnetizing flux ψm ) and the 

electromagnetic torque directly with the selection of an optimum inverter voltage vector. 

The selection of different voltage vectors of the voltage source inverter are made in such 

a way that their flux and torque error restricts within their respective flux and torque 

hysteresis bands and to obtain the fastest torque response and higher efficiency during 

every operation. DTC enables both quick torque response in the transient operation and 

reduction of the harmonic losses and acoustic noise. As it has been introduced, the 

electromagnetic torque in the three phase induction machines can be expressed as follows 

[22]: 

                           
 

 
                                                                                -------------- (3.2) 

Where      is the stator flux, is is the stator current (both fixed to the stationary reference 

frame fixed to the stator) and P the number of pole pairs. The previous equation can be 

modified and given as follows: 

                        
 

 
                                                 ------------- (3.3) 

Where ρs is the stator flux angle and αs is the stator current angle both referred to the 

horizontal axis of the stationary frame which is fixed to the stator. If the modulus of the 

stator flux is kept constant and the stator flux angle ρs is changed very quickly, then the 

electromagnetic torque can be directly controlled. The same conclusion can be obtained 

using another expression for the electromagnetic torque which can be written as: 

                       
 

 
 

  

 
 

                      
 

 
 

  

         
                                                         ------------- (3.4) 
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Because of the rotor time constant is larger than the stator one, the rotor flux changes 

slowly compared to the stator flux, in fact, the rotor flux can be assumed to be almost 

constant. (The fact that the rotor flux can be assumed constant is true as long as the 

response time of the control is much faster than the rotor time constant). As long as the 

modulus of the stator flux is kept constant, then the required electromagnetic torque can 

be rapidly changed and controlled by means of changing the angle difference   ( ρs –ρr ). 

[22] [25]. 

 

3.2     DTC Controller 

The one way to impose the required stator flux is by means of finding out the most 

suitable voltage source inverter state. If the ohmic drops are neglected for simplicity, then 

the stator voltage can be related directly with the stator flux in accordance with the 

following equations 

                          
      

   
                                                                                 -------------------- (3.5)                      

or 

                                                  -------------------- (3.6) 

Decoupled control of the stator flux modulus and torque can be achieved by acting on the 

radial and tangential components respectively of the stator flux-linkage space vector in its 

locus. These two components are directly proportional (Rs=0) to the components of the 

same voltage space vector in the same directions. So selection of proper voltage vector is 

an important phenomenon in direct torque control of induction motor. This can be 

achieved by using voltage source inverter.  

 

3.2.1 Voltage Source Inverter 

There are many topologies for the voltage source inverter used in DTC control of 

induction motors that give high number of possible output voltage vectors [23] [24] but 

the most common one is the six step inverter. A six step voltage inverter provides the 

variable frequency AC voltage input to the induction motor in DTC method. The DC 

supply to the inverter is provided either by a DC source like a battery, or a rectifier 

supplied from a three phase (or single phase) AC source. Figure 3.2 shows a six step 

voltage source inverter. The inductor L is inserted to limit shot through fault current. A 

large electrolytic capacitor C is inserted to stiffen the DC link voltage. The switching 
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devices in the voltage source inverter bridge must be capable of being turned off and on. 

Insulated gate bipolar transistors (IGBT) are used because they have this ability in 

addition; they offer high switching speed with enough power rating. Each IGBT has an 

inverse parallel-connected diode. This diode provide alternate path for the motor current 

after the IGBT, is turned off [23].  

 

 

                                                       Figure 3.2 Voltage Source Inverter 

 

Each leg of the inverter has two switches one connected to the high state (+) of the 

DC link and the other to the low state (-), only either one of the two can be on at any 

instant. When the high state gate signal is on the phase is assigned the binary number 1, 

and assigned the binary number 0 when the low state gate signal is on. Considering the 

combinations of status as above of three phases a, b and c the inverter has eight switching 

modes (Va Vb Vc = 000-111) two are zero voltage vectors V0 (000) and V7 (111) where 

the motor terminals gets short circuited and the others are non zero voltage vectors V1 to 

V6, which provides the motor the required voltage. 

 The dq model for the voltage source inverter in the stationary reference frame is 

obtained by applying the dq transformation equation for the inverter switching modes. 

The six nonzero voltages space vectors will have the orientation shown in figure 3.3, 

which also shows the possible dynamic locus of the stator flux and its different variation 

depending on the VSI states. The possible global locus can be divided into six different 

sectors feed through the discontinuous line. Each vector lies in the centre of a sector of 

60
0
 width named S1 to S6 according to the voltage vector it contains.     

 From Equation 3.5 it can be seen that the inverter voltage directly reflect the stator 

flux, the required stator flux locus will be obtained by choosing the appropriate inverter 

switching state. Thus the stator flux linkage move in space in the direction of the stator 

 AC 
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voltage space vector at a speed that is proportional to the magnitude of the stator voltage 

space vector. By selecting step by step the appropriate stator voltage vector, it is then 

possible to change the stator flux in the required way. If an increase of the torque is 

required then the torque is controlled by applying voltage vectors that advance the flux 

linkage space vector in the direction of rotation. If a decrease in torque is required then 

zero switching vector is applied, the zero vector that minimize inverter switching is 

selected. In summary if the stator flux vector lies in the k-th sector and the motor is 

running anticlockwise   

 

 

 

Figure 3.3 Stator flux vector locus and different possible switching voltage vectors, FD: Flux 

Decrease, FI: Flux Increase, TD: Torque Decrease, TI: Torque Increase 

 

then torque can be increased by applying stator voltage vectors Vk+1 or Vk+2, and 

decreased by applying a zero voltage vector V0 or V7. Decoupled control of the torque 

and stator flux can be achieved by acting on the radial and tangential components of the 

stator voltage space vector in the same directions, and thus can be controlled by the 

appropriate inverter switching. In general, when the stator flux linkage vector lies in the 

k-th sector its magnitude can be increased by using switching vectors Vk-1 (for clockwise 

rotation) or Vk+1 (for anticlockwise rotation), and can be decreased by applying voltage 

vectors Vk-2 (for clockwise rotation) or Vk+2 (for anticlockwise rotation). With the help of 

the sector division as depicted in figure 3.3, the general table 3.1 can be formulated. It can 

be seen from table 3.1, that the states Vk and Vk+3 , are not considered in the torque 
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because they can both increase (first 30 degree) or decrease (second 30 degree) the torque 

at the same sector depending on the stator flux position.    

 

 

 

 

Table3.1. General Selection Table for Direct Torque Control, "k" being the sector number. 

 

This can be tabulated as the look-up Table 3.2 Finally, the DTC conventional look up 

table can be formed as follows:   

 

Flux Error 

Dψ 

Torque Error 

dτ 

 

S1 

 

S2 

 

S3 

 

S4 

 

S5 

 

S6 

1 

1 v2 v3 v4 v5 v6 V1 

0 V0 v7 V0 v7 V0 v7 

-1 v6 Vi v2 v3 v4 v5 

-1 

1 v3 v4 v5 v6 V1 v2 

0 V0 v7 V0 v7 V0 v7 

-1 v5 v6 V1 v2 v3 v4 

Table3.2 Conventional DTC look up table 

 

3.3 DTC Schematic  

In figure 1.2 a schematic diagram of Direct Torque Control is shown. As it can be 

seen, there are two different loops corresponding to the magnitudes of the stator flux and 

torque. The reference values for the flux stator modulus and the torque are compared with 

the actual values, and the resulting error values are fed into the two level and three-level 

hysteresis blocks respectively. The outputs of the stator flux error and torque error 

hysteresis blocks, together with the position of the stator flux are used as inputs of the 
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look up table (see table 3.2). The inputs to the look up table are given in terms of +1,0,-1 

depend on whether the torque and flux errors within or beyond hysteresis bands and the 

sector number in which the flux sector is present at that particular instant. In accordance 

with the figure 1.2, the modulus of stator flux and torque errors are required to be 

restricted within their respective hysteresis bands. From the schematic of DTC it is 

cleared that, in order to have proper selection of voltage sector from lookup table, the 

DTC scheme requires the flux and torque estimations. 

 

3.3.1   Methods for Estimation of Stator Flux in DTC 

   Accurate flux estimation in Direct Torque controlled induction motor drives is 

important to ensure proper drive operation and for its stability during the operation. Most 

of the flux estimation techniques proposed is based on voltage model, current model, or 

the combination of both [26].The estimation based on current model normally applied at 

low frequency, and it requires the knowledge of the stator current and rotor mechanical 

speed or position. In some industrial applications, the use of incremental encoder to get 

the speed or position of the rotor is undesirable since it reduces the robustness and 

reliability of the drive. It has been widely known that even though the current model has 

managed to eliminate the sensitivity to the stator resistance variation. The use of rotor 

parameters in the estimation introduced error at high rotor speed because of the rotor 

parameter variations. So in this resent DTC control scheme the flux and torque are 

estimated by using voltage model described by equations 3.5- 3.6, which does not need a 

position sensor and the only motor parameter used is the stator resistance. 

                     
  

  
     

  

  
                                              --------- (3.7) 

                                         
  

  
     

  

  
                     --------- (3.8) 

where Lx = Ls Lr  -  Lm
2
  and isD , isQ are calculated from equations and subsequently the 

torque can be estimated by 

                   
 

 
                                   --------- (3.9) 

By using these estimated values from voltage model we proceed to the lookup table to 

select the proper voltage vector the voltage model gives accurate estimation at high 

speeds however, at low speed, some problems arise. In practical implementation, even a 
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small DC off-set present in the back emf due to noise or measurement error inherently 

present in the current sensor, can cause the integrator to saturate [22]. 

3.3.2     Direct flux control 

                 In stationary reference frame the stator flux equation can be written as: 

                                                                              -------- (3.10) 

If the stator voltage drop is neglected applied voltage vector and the equation w ill be 

reduced to  

                                                                                                                    -------- (3.11) 

which means, by applying stator voltage vector Vs  for a time increment Δt ,Ψs can be 

changed incrementally. The command value of the stator flux vector Ψs
* 

follows a 

circular trajectory, the plane of stator f lux is divided into s ix sectors as shown in figure 3. 

3. Each sector has a different set of voltage vector to increase or decrease the stator flux. 

The command flux vector   rotates in anticlockwise direction in a circular path and the 

actual stator flux vector Ψs tracks the command flux in a zigzag path but constrained to 

the hysteresis band which is show n in  figure  3.4. 

     In general the active forward voltage vectors ( Vs,k+1 and Vs,k+2) are applied to 

increase or decrease the stator flux respectively w hen the stator flux lies in sector k . The 

radial voltage vectors (Vs,k  and Vs,k+3) which quickly affect the flux are generally 

avoided. The active reverse voltage vectors (Vs,k-1 and Vs,k-2) are used to increase or 

decrease the stator flux in reverse direction. 

     The stator flux vector change due to stator voltage vector is quick whereas 

change rotor flux is sluggish because of its large time constant Tr . That is why Ψs 

movement is jerky and Ψr moves uniformly at frequency ωe as it is more filtered. 

However the average speed of both remains the same in steady state condition. 



24 
 

 

                                                     Figure.3.4 Circular trajectory of stator flux 

3.3.3             Torque Hysteresis Controller 

                     The Torque hysteresis is controller which is a three level controller which 

means the torque control loop has three levels of digital outputs.  The torque error 

ΔTe is  given to the torque hysteresis controller and the output is torque error 

status (dTe) which can have three values -1, 0 or 1. The  width of the hysteresis is 

band is 2ΔTe. Torque error status is given to the switching table for optimum voltage 

vector selection for the inverter. Figure 3.5 shows the hysteresis torque controller. 

                    

Figure 3.5 Torque hysteresis controller 

 

Torque error is given by 

 ΔTe = Te ref – Te                ------------- (3.12) 

|dTe| = 1   if |Te| < |Teref|− |ΔTe| : Tor que to be inc reased 

|dTe| = -1   if |Te| >  |Teref| + |ΔTe|: Torque to be decreased 

|dTe|= 0   if |Teref|    |ΔTe| ≤ |Te| ≤ |Teref| + |ΔTe|: Torque to remain unchanged. 

 

The objective is to limit the torque error to the hysteresis band limits  for direct 

torque and flux control. 
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CHAPTER 4 

SPACE VECTOR PULSE WIDTH MODULATION FED 

INDUCTION MOTOR DRIVES 

 

4.1      Introduction 

 The use of PWM drive is advantageous in many ways, for example it obtains its 

dc input through uncontrolled rectification of commercial AC mains and has good power 

factor, good efficiency, relatively free from regulation problems, it has the ability to 

operate the motor with nearly sinusoidal current waveform. The conventional PWM 

techniques are suitable for open loop control, for the implementation of a closed loop 

controlled AC drive Space vector PWM (SVPWM) technique is applied. In this 

technique, the switching patterns for the bridge inverter are generated from the 

knowledge of stator voltage space phasor. A reference voltage vector is generated to 

generate a field synchronous with the rotating voltage vector by utilizing the different 

switching states of a three phase bridge inverter 

 

4.2      Theory of Space vector pulse width modulation 

             When three phase supply is given to the stator of the induction machine, a three 

phase rotating magnetic field is produced. Due to this field flux, a three phase rotating 

voltage vectors are generated which lags the flux by 90º. This field can also be visualised 

by a logical combination of the inverter switching state which is the basic concept of 

SVPWM. 

 

4.2.1   Realization of voltage space phasor 

             The three phase bridge inverter has eight possible switching states, six active and 

two zero states. The six switches (IGBT/Thyristors) have a well-defined state of ON or 

OFF for each configurations. At a particular instant, only one switch in each of the three 

legs is ON. Corresponding to each ON/OFF state of the inverter, there is one voltage 

space vector. For example for state zero it is V0, for state 1 it is V1 and so on. These 

switching state vectors have equal magnitude but 60º apart from each other. These vectors 

can be written in generalized form as follows: 
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                  Vk = Vdc       
                                      k= 1, 2, …...., 6  ---------- (4.1) 

                         = 0                                                     k = 0, 7  

Where k = inverter state number. 

Vdc = dc link voltage of the inverter 

The inverter state vectors can be drawn as shown in figure 4.1 

 
Figure 4.1 Inverter switching state vectors 

 

The space bounded by two inverter space vectors is called a sector. So the plane is 

divided into six sectors each spanning 60º. In a balanced three phase system the voltage 

vectors are 120º apart in space and are represented by rotating vectors, whose projections 

on the fixed three phase axes are, sinusoidal in nature. So they can be represented as three 

sinusoidal references obtained by a voltage reference space vector     
  or    

 . The 

reference vector is assumed to be rotating in counter-clockwise direction with respect to 

d-axis (α-axis) as shown in figure 4.2 through six sectors [27]. 

 The reference space vector can be synthesized by a combination of eight state 

vectors and is constant in magnitude at switching instant ts in case the switching 

frequency much higher than the output frequency. In a time average sense the reference 

vector at that instant can be approximated by two active voltage states of the inverter. For 

only certain amount of time these states are valid. 
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                          Vs
* 

= Vktk + Vk+1 tk+1                  k = 0, 1, 2……. , 7                ------------- (4.2) 

 

In SVPWM, it is assumed that the s pace phasor of stator voltage V s
*
, is 

moving in α-β plane with constant angular velocity describing approximately a 

circular path.  The basis of SVPWM scheme is to sample the Vs
* 

at sufficiently high 

rate, in between the sampling instants the vector is assumed to be constant in magnitude 

as shown in figure 4. .2. [28][29] 

 
Figure 4.2 Reference vector in sector 1 

 

 

4.2.2   Pulse pattern generation 

The PWM pattern generation means the generation of gating pulses for the six 

switches (IGBT/Thyristors) of the inverter, for correct intervals so that appropriate 

switching state vectors are active for the required time intervals as the reference space 

vector moves over a full cycle. 

In order to obtain minimum switching frequency, it is desired that only one phase 

of the inverter changes state from + 
   

 
 to  

   

 
  while changing the switching vectors. So 

the arrangement of the switching sequence should be such that the transition from one 

state to the next state is performed by switching only one inverter phase. This is done by 

sequential switching the inverter legs starting from one zero state and ending at another 

zero state. Figure 4.3 shows the optimum inverter phase to dc center tap voltages. It can 

be noted that the switching frequency of the inverter is half of the sampling frequency 
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Figure 4.3 Leg voltages and space vector disposition in sector 1 

 

The mean values of the phase to center tap voltages (VA0, VB0, VC0) can be evaluated, 

averaging over one sampling period ts as follows: 

 

                     
   

   
  

  

 
       

  

 
                          ------------------- (4.3) 

                    
   

   
  

  

 
       

  

 
                         ------------------- (4.4) 

                    
   

   
  

  

 
       

  

 
                         ------------------- (4.5) 

 

Substituting the values of t1, t2 in above three equations we get, 

 

                           
   

  
       

 

 
                              ------------------- (4.6) 

                           
   

  
       

 

 
        ------------------- (4.7) 

                                        ------------------- (4.8) 
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CHAPTER 5 

MODEL SIMULATION AND RESULTS 

 

5.1 Improvement by Sector Change 

 The conventional DTC utilizes the sector 1 from -30 deg to + 30 deg and the 

switching table for the conventional DTC is given in the look up table (Table 3.2) and the 

corresponding simulation model is given in figure 5.1. 

 

 

Figure 5.1 Simulink model for Conventional DTC 

 

 

Now considering the Sector1 from 0 deg to 60 deg instead of -30 deg to + 30 deg and the 

corresponding look up table developed for all the six sectors are given in table 5.1 
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Flux Error 

dψ 

Torque Error 

dτ 

 

S1 

 

S2 

 

S3 

 

S4 

 

S5 

 

S6 

 

 

 

1 

 

1 
       V2 

V3 V4 V5 V6 V1 

 

0 

V7 V0 V7 V0 V7 V0 

 

-1 

V1 V2 V3 V4 V5 V6 

 

 

 

-1 

 

1 

V4 V5 V6 V1 V2 V3 

 

0 

V0 V7 V0 V7 V0 V7 

 

-1 

V5 V6 V1 V2 V3 V4 

Table 5.1 Look Up table for Modified DTC 

After obtaining the look up table the change in the voltage vectors for flux error and 

torque error is given in figure 5.2 and corresponding Simulink model for modified DTC is 

shown in figure 5.3

 

           Figure 5.2 Implementation of Flux and Torque Error through Voltage Vectors 
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                                    Figure 5.3 Simulink Model for Modified DTC 

 

5.2  Improvement through 12 Sector SVPWM DTC 

 Further, the model was developed for Space Vector Pulse Width Modulation 

(SVPWM) with 12 sectors starting from 0 deg to 30 deg, 30 deg to 60 deg, 60 deg to 90 

deg, 90 deg to 120 deg, 120 deg to 150 deg, 150 deg to 180 deg, 180 deg to -150deg, -150 

deg to -12 0deg, -120 deg to -90 deg, -90 deg to -60 deg, -60 deg to -30 deg, -30 deg to 0 

deg[28]. The corresponding voltage vectors are shown in figure 5.4 

 

   

 

          Figure 5.4 Three-level voltage inverter vectors’ hexagons. (a). Small hexagon. (b). Middle hexagon. (c). Big hexagon.  

 

The switching table for 24 active voltage vectors and 3 zero voltage vectors are calculated 

and the 12 sectors are implemented through the Simulink model given in figure 5.5 and 

the Simulink model for the SVPWM is given in figure 5.6. 
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Figure 5.5  Implementation of 12 Sectors in the SVPWM DTC Simulink Model 

 

 

Figure 5.6 The Simulink Model for 12 Sectors SVPWM based DTC 
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5.3 Induction Motor Parameters 

 A squirrel cage induction motor is considered in stationary reference frame and 

has the following parameters. 

 Power rating (P)  : 3 Kw 

 Power Line Voltage (    ) : 460 Volts 

 Frequency   : 50 Hz 

 Stator Resistance (  )  : 0.73933 Ohm 

 Stator Inductance (  )  : 0.01507 Henry 

 Rotor Resistance (  )  : 0.46227 Ohm 

 Rotor Inductance (  )  : 0.01507 Henry 

 Mutual Inductance (  ) : 0.52077 Henry 

 Inertia (J)   : 3.1 Kg-m
2
 

 Friction Factor   : 0.08 

 No. of Poles   : 4  

 

5.4  Results for Conventional DTC 

The Stator Current (ia), Torque (τ) and Speed (ω) are plotted against the time with 

the reference speed of 500 rpm at time (t = 0) and 0 rpm at time (t =1). The load torque is 

at 0, 792 Nm, -792 Nm for time (t) 0, 0.5 and 1.5 Sec respectively. The simulation is 

carried out for 2 Sec and the results are obtained in figure 5.7, figure 5.8 and figure 5.9.  

 
Figure 5.7 Stator Current Characteristics of Conventional DTC 
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Figure 5.8 Torque Characteristics of Conventional DTC 

 

 

 

 

 

 

Figure 5.9 Rotor Speed Characteristics of Conventional DTC 
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carried out for 2 Sec and the results are obtained in figure 5.10, figure 5.11 and figure 

5.12.  

 

 
Figure 5.10 Stator Current Characteristics of Modified DTC 

 

 

 

 

 
Figure 5.11Torque Characteristics of Modified DTC 
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Figure 5.12 Rotor Speed Characteristics of Conventional DTC 

 

 

5.6  Results for 12 Sectors SVPWM DTC 

The stator current (ia), torque (τ) and speed (ω) are plotted against the time with 

the reference speed of 500 rpm at time (t = 0) and 0 rpm at time (t =1). The load torque is 

at 0, 792 Nm, -792 Nm for time (t) 0, 0.5 and 1.5 Sec respectively. The simulation is 

carried out for 2 Sec and the results are obtained in figure 5.13, figure 5.14 and figure 

5.15.  

 

 

Figure 5.13 Stator Current Characteristics of 12 Sectors SVPWM DTC 
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Figure 5.14 Torque Characteristics of 12 Sectors SVPWM DTC 

 

 

 

 

 

 

Figure 5.15 Rotor Speed Characteristics of 12 Sectors SVPWM DTC 
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CHAPTER 6 

COMPARISION AND CONCLUSIONS 

 

6.1 Comparison  

The comparision is made between the above three different techniques of DTC for 

improvement in its performance. The comparision is done for stator current and torque 

characteristics between Conventional DTC, Modified DTC and 12 Sectors SVPWM DTC 

and the results are shown in figure6.1 and figure 6.2 respectively. 

No significant change is observed in the Speed characteristics among the three methods. 

However significant improvement in Stator Current and Torque ripples were observed in 

both the methods of improvement as mentioned in 5.1 and 5.2 .  

 

 

 

Figure 6.1 Comparison of Stator Current Characteristics 
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Figure 6.2 Comparison of Torque Characteristics 

 

6.2 Conclusion 

 From the above comparison it may be concluded that there is considerable 

improvement in ripples in the torque as well as stator current of  Modified and SVPWM 

DTC Techniques and SVPWM DTC is considered to be the best method in terms of 

ripple reduction in stator current and torque as compared to the conventional DTC. 

 

6.3  Future Scope 

 The 12 Sector divison is being simulated in 2 level inverter,it may be employed 

for three level inverter and also for different types of multi level invereter in the future 

scope of work. 

 

 

 

 

 

 



40 
 

REFERENCES 

 

[1] Bocker Joachim and Mathapati Shashidhar, “State of the Art of Induction Motor Control” 

IEEE conference on Electric Machines & Drives, Antalyaon, 3
rd

 -5
th 

May, Vol.2, pp1459 – 1464, 

2007. 

[2] Ohm Dal Y., “Dynamic Model of Induction Motor for Vector Control”. Drivetech Inc. 

Blacksburg, Virginia, 2000. 

[3] Inoue, Morimoto S. and Sanada M., “Control Method Suitable for Direct Torque Control 

Based Motor Drive System Satisfying Voltage and Current Limitation” IEEE Power Electronics 

Conference (IPEC), 21
st
 -24

th
 June, pp 3000 – 3006, 2010. 

[4] Hoang Le- Hung, “Comparison of Field Oriented Control (FOC) and Direct Torque Control 

for Induction Motor Drives”, Thirty-Fourth Industry Applications Annual Meeting, IEEE 

Conference, Phoenix AZ, 03
rd

 -07
th
 Oct, Vol.2, pp 1245- 1252, 1999. 

[5] Ansari A A and Deshpande D.M., “Mathematical Model of Asynchronous Machine in 

MATLAB/ Simulink.” International Journal of Engineering Science and Technology Vol.2, Issue 

no. 5, pp 1260-1267, 2010. 

[6] R J. Lee, Pillay P. and Harley R.G, “D, Q Reference Frame for Simulation of Induction 

Motors” IEEE Decision and Control, Arlington, VA, 10
th
 -13

th
 Dec, Vol 2, pp. 15-26, 2002. 

[7] Wu Tao and Zhoo Liang. “Simulation of Vector Control Frequency Converter of Induction 

Motor Based on MATLAB / Simulink”, IEEE Measuring Technology and Mechatronics 

Automation (ICMTMA), Shangshai, 6
th
 -7

th
 Jan, Vol 3, pp 265 – 268, 2011. 

[8] Praveen S Babu and Dr. S Ushakumari, “Modified Direct Torque Control of Induction Motor 

Drives” IEEE conference on Recent Advances in Intelligent Computational Systems (RAICS), 

Trivandrum, 22
nd

 -24
th
 Sept, pp 937 – 940, 2011. 

[9] M.Lakshmi Swarupa, Tulsi Ram Das G. and P.V.Raj Gopal, “Simulation and Analysis of 

SVPWM based 2-Level and 3-Level Inverters for Direct Torque Control of Induction Motor” 

Research India Publication International Journal of Electronic Engineering Research, Bhopal, 

Vol.1, Issue No.3, pp 169-184, 2009. 

[10] Filho Emesto Ruppert and de Souza Ronaldo Martins, “Three – Phase Induction Motor 

Dynamic Mathematical Model” IEEE conference on Electric Machines and Drives, Milwaukee W 

I, 18
th
 – 21

st
 May, pp MB1/2.1 - MB1/2.3, 1997. 

 



41 
 

[11] Abdul Wahab H.F. and Sanusi H., “Simulink Model of Direct Torque Control of Induction 

Machine” American Journal of Applied Science, Vol.5, Issue No 8, pp 1083-1090, 2008. 

[12] Karanayil B. and Rahan M F. “A Complete Dynamic Model for a PWM VSI-fed Rotor Flux 

Oriented Vector Controlled Induction Motor Drive Using Simulink” IEEE conference on Power 

Electronics and Motion Control, Beijing, Vol.1, pp 284 – 288, 2000. 

[13] Narasimhan P.V.R., Sarma L .A.V.R.S. and Vargil Kumar E, “A Sector Advance Technique 

to Improve Dynamic Response of a DTC Induction Motor”, IEEE International Conference on 

Power and Energy (PEC on 2010), Kuala Lumpur, 29
th
 Nov- 01

st
 Dec, 2010. 

[14] Bonanno C. J, Li Zhen and Longya X.U., “A Direct Field Oriented Induction Machine Drive 

with Robust Flux Estimator for Position Sensor less Control” IEEE conference on Industry 

Applications, Orlando FL, 8
th
 -12

th
 Oct, Vol.1, pp 166 – 173, 1995. 

[15]  Hind Djeghloud and Hocine Benalla “Space Vector Pulse Width Modulation Applied to the 

Three-level Voltage Inverter” Electrotechnic's Laboratory of Constantine University, Algeria 

,2010. 

[16] Sahu Manoj Kumar, Panda Anup Kumar and Panigrahi. Bibhu Prasad, “Direct Torque 

Control for Three-Level Neutral Point Clamped Inverter-Fed Induction Motor Drive” 

Engineering, Technology & Applied Science Research (ETASR), Vol. 2, Issue No 2, 2012. 

[17]  K. Suman, K. Suneeta and M. Sasikala. “Direct Torque Controlled Induction Motor Drive 

with Space Vector Modulation Fed with Three-level Inverter”, IEEE International Conference on 

Power Electronics, Drives and Energy Systems (PEDES), Bangalore, 16
th
 -19

th
 Dec, pp 1-6, 2012.  

[18]  Mondal Subrata and Bose Bimal K., “Space Vector Pulse Width Modulation of three level 

inverter extending its operation into over modulation region”, IEEE Transactions on power 

electronics, Vol.18, Issue No.2, March, 2003. 

[19] N.Venkataramana Naik and Singh S.P., “Improved dynamic performance of Direct Torque 

Control at low speed over scalar control” , IEEE India Conference (INDICON), Mumbai, 13
th
 -

15
th
 Dec, pp 1-5, 2013. 

[20] Mohamed M Ismail, “Improving The Performance of the DTC Saturated Model of the 

Induction Motor in case of Two Level and Three Level VSI using GA and PSO algorithms”, 

IEEE, Conference on Electronics, Communications and Computers (JEC-ECC), Alexandria, 6
th
 – 

9
th
 March, pp. 79-84, 2012. 

[21] Guo Qing and Gao Yun, “Simulation research of direct torque open-loop control system 

based on MATLAB” IEEE Conference on System Science, Engineering Design and 

Manufacturing Information (ICSEM), Chengdu, 20
th
 – 21

st
 Oct, Vol.1, pp76 – 79, 2012. 



42 
 

 

[22] Vas, P. "Sensor less Vector and Direct Torque Control". Oxford University Press 1998. 

[23] Bose, B. K.; "Modern Power Electronics and AC Drives”. First Edition Prentice-Hall. 1986. 

[24] Thomas, G., Halbetler, H. and Deepakraj, M. D. "Control strategies for direct torque control 

using discrete pulse modulation." IEEE Transactions on Industry Applications, Vol. 27, issue No. 

5, pp. 893-901, 1991. 

[25] MATLAB Fuzzy logic toolbox user guide. The Math Works, Inc, 1999. 

[26] Takahashi, I and Ohimori, Y. “High-Performance Direct Torque Control of an Induction 

Motor”, IEEE Trans. Industry Applications, 02 Aug, Vol. 25 Issue 2, pp 257-264, 1989. 

[27] N Mohan, Undeland T. and Robbins William P. “Power Electronics", Wiley, Second edition. 

1989. 

[28] Perelmuter, V. "Three level inverters with direct torque control”, IEEE Conference on 

industry Applications, Rome, 08
th
 – 12

th
 Oct, Vol. 3, pp. 1368-1373, 2000. 

[29] Depenbrock, M. "Direct self control (DSC) of inverter–fed induction machine." IEEE 

Transactions on Power Electronics, Vol. 3, Issue no.4, pp. 420-429, 1988. 

 

 

 

 

 

 

 

 

 

 

 


