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ABSTRACT 

 

A Power quality problem is an occurrence manifested as a nonstandard voltage, current 

or frequency that results in a failure or a mis operation of end user equipments. Utility 

distribution networks, sensitive industrial loads and critical commercial operations suffer from 

various types of outages and service interruptions which can cost significant financial losses. 

With the restructuring of power systems and with shifting trend towards distributed and 

dispersed generation, the issue of power quality is going to take newer dimensions. In developing 

countries like India, where the variation of power frequency and many such other determinants 

of power quality are themselves a serious question, it is very vital to take positive steps in this 

direction. The present work is to identify the prominent concerns in this area and hence the 

measures that can enhance the quality of the power are recommended.  At present, a wide range 

of flexible ac controllers, which capitalize on newly available power electronics components, are 

emerging for custom power applications. The device considered in this work is distribution static 

synchronous compensator (DSTATCOM). The fast response of DSTATCOM makes it the 

efficient solution for improving power quality in distribution systems. 

 

 

 

 

 
                                                

 

 

 

 

 

 

     



v 
 

LIST OF ABBREVIATIONS 
 

PQ                                       Power Quality 

DSTATCOM                      Distribution Static Synchronous Compensators 

DVR                                   Dynamic Voltage Restorer 

PCC                                    Point Of Common Coupling 

UPQC                                 Unified Power Quality Compensator 

VSI                                     Voltage Source Inverter 

IRPT                                   Instantaneous Reactive Power Theory 

PWM                                  Pulse Width Modulation 

THD                                   Total Harmonic Distortion 

UCES                                 Ultra Capacitor Energy Storage 

ASD                                   Adjustable Speed Drive 

SVPWM                            Space Vector Pulse Width Modulation 

IGBT                                  Insulated Gate Bipolar Transistors 

VSC                                   Voltage source Convertor 

TCPWM                            Triangle Comparison Based PWM 

SPWM                               Sinusoidal PWM 

NPC                                   Neutral Point Diode Clamped 

PI                                       Proportional Integral 

PID                                    Proportional Integral Derivative 

SVC                                   Static Var Compensator 

AC                                     Alternating Current 

APF                           Active Power Filters 

CSI                            Current Source Inverter 



vi 
 

FLC                           Fuzzy Logic Controller 

DISO                         Double Input Single Output 

NL                             Negative Large 

NM                            Negative Medium 

NS                             Negative Small 

PS                              Positive Small 

PM                            Positive Medium 

PL                             Positive Large  

FLT                          Fuzzy Logic Tool 

FIS                        Fizzy Inference System    

FFT                         Fast Fourier Transform 

 

                              

 

 

 

 

 

 

 

 

 



vii 
 

LIST OF FIGURES 
 

Figure 2.1 Voltage Unbalance                                                                                                       9 

Figure 2.2 Sag                                                                                                                               10 

Figure 2.3 Swell                                                                                                                            11 

Figure 2.4 Voltage Fluctuations                                                                                                    11 

Figure 2.5 Noise                                                                                                                            12 

Figure 2.6 Harmonics                                                                                                                    13 

Figure 3.1 Shunt Active Filter 16 

Figure 3.2 Series Active Filter 17 

Figure 3.3 Distribution Static Synchronous Compensator 18 

Figure 3.4 Dynamic Voltage Restorer 18 

Figure 3.5 Unified Power Quality Conditioner                                                                             19 

Figure 4.1 Block Diagram of Voltage Source Converter Based DSTATCOM 22 

Figure 4.2 A Simple Circuit for Demonstrating The Voltage Regulation Principle 24 

Figure 4.3 Phasor Diagram For Uncompensated 24 

Figure 4.4 Phasor Diagram For Voltage Regulation With Compensation 25 

Figure 4.5 DSTATCOM  Structure 26 

Figure 4.6 BASIC DSTATCOM MODEL Connected To Load In Distribution System 27 

Figure 4.7 Equivalent Circuit Of DSTATCOM In Distribution System 27 

Figure 4.8 Schematic of fuzzy logic controller 30 

Figure 4.9 FIS Editor 32 

Figure 4.10 Membership Function Editor 32 

Figure 5.1 Simulink Model of Test System with Linear Load 35 

Figure 5.2 Load Current without DSTATCOM with Linear Load 36 



viii 
 

Figure 5.3 Load Current with DSTATCOM with static Linear Load 36 

Figure 5.4 Load Current without DSATATCOM with static Linear Load 37 

Figure 5.5 Load Current with DSATATCOM with static Linear Load 37 

Figure 5.6 Load Current without DSATATCOM with Linear Load 38 

Figure 5.7 Load Current with DSATATCOM with Linear Load 38 

Figure 5.8 Simulink Model of Test System with Non Linear Load 39 

Figure 5.9 Load Current without DSTATCOM with Non Linear Load  40 

Figure 5.10 Load Current with DSTATCOM with Non Linear Load  40 

Figure 5.11 Load Current without DSTATCOM with Non Linear Load  41 

Figure 5.12 Load Current with DSTATCOM with Non Linear Load  41 

Figure 5.13 Load Current without DSTATCOM with Non Linear Load  42 

Figure 5.14 Load Current with DSTATCOM with Non Linear Load  42 

Figure 5.15 Total Harmonic Distortions (THD) of Uncompensated Current                                42 

Figure 5.16 Total Harmonic Distortions of Compensated Current                                               43 

 

 

 

 

 

 

 

 



ix 
 

TABLE OF CONTENTS 

 

CERTIFICATE                                                                                                                                i 

ACKNOWLEDGEMENT                                                                                                               ii 

ABSTRACT                                                                                                                                   iii 

LIST OF ABBREVIATIONS                                                                                                         iv 

LIST OF FIGURES                                                                                                                         v 

TABLE OF CONTENTS                                                                                                              vii 

CHAPTER 1. INTRODUCTION                                                                                              1-7 

        1.1 OVERVIEW                                                                                                                      1 

        1.2 LITERATURE SURVEY                                                                                                  2 

        1.3 SCOPE FOR WORK                                                                                                         7    

        1.4 ORGANIZATION OF THESIS                                                                                        7  

 

CHAPTER 2.  POWER QUALITY                                                                                        8-14 

        2.1    INTRODUCTION                                                                                                          8 

        2.2   CLASSIFICATION OF POWER QUALITY ISSUE                                                     9 

                2.2.1 VOLTAGE UNBALANCE                                                                                    9 

                2.2.2 SHORT DURATION VOLTAGE VARIATION                                                  9 

     2.2.3 VOLTAGE FLUCTUATION                                                                               11         

     2.2.4 VOLTAGE INTERRUPTION                                                                              11 

    2.2.5 NOISE                                                                                                                    12 

    2.2.6 OVER VOLTAGE                                                                                                 12 

    2.2.7 HARMONICS                                                                                                       13                                                                                                                               

        2.3   EFFECTS OF POOR POWER QUALITY                                                                   14 

 

 



x 
 

CHAPTER 3.  CUSTOM POWER DEVICES                                                                    15-20 

    3.1    INTRODUCTION                                                                                                            15 

    3.2    ACTIVE POWER CONDITIONER                                                                                 15 

    3.3    ACTIVE POWER FILTER                                                                                              16    

              3.3.1 SHUNT ACTIVE FILTER                                                                                     16 

   3.3.2 SERIES ACTIVE FILTERS                                                                                   17 

   3.3.3 HYBRID FILTERS                                                                                                17                                                                                                

   3.4   AVAILABLE CUSTOM POWER DEVICES                                                                   17 

    3.4.1 DYNAMIC VOLTAGE RESTORER                                                                   17 

    3.4.2 UNIFIED POWER QUALITY CONDITIONER                                                 18 

               3.4.3 DISTRIBUTION STATIC SYNCHRONOUS COMPENSATOR                       19 

 3.5    POWER ELECTRONIC INVERTERS IN APLCs                                                             19 

     

 CHAPTER 4.  DISTRIBUTION STATCOM                                                                     21-33 

          4.1    INTRODUCTION                                                                                                      21 

          4.2   OPERATING PRINCIPLE OF DSTATCOM                                                            22 

          4.3    PRINCIPLE OF VOLTAGE REGULATION                                                           23 

                   4.3.1   VOLTAGE REGULATION WITHOUT COMPENSATOR                         23 

       4.3.2   VOLTAGE REGULATION WITH DSTATCOM                                         25 

         4.4    DSTATCOM CONTROLLER                                                                                   25 

         4.5    MODELLING OF DSTATCOM                                                                                26 

         4.6    FUZZY CONTROL                                                                                                    27 

                  4.6.1 FUZZY SETS                                                                                                     28 

                  4.6.2 MEMBERSHIP FUNCTION                                                                             29 

                  4.6.3 FUZZY RULES                                                                                                 29 

         4.7    FUZZY LOGIC CONTROLLER                                                                               29 

       4.7.1 COMPONENTS OF FUZZY LOGIC CONTROLLER                                    29 



xi 
 

       4.7.2 THE INPUTS AND OUTPUTS                                                                        31 

       4.7.3 FUZZY RULE TABLE                                                                                     31 

         4.8    FEATURES OF MATLAB FUZZY LOGIC TOOLBOX                                         31 

                  4.8.1 FIS EDITOR                                                                                                      32 

                  4.8.2 MEMBERSHIP FUNCTION EDITOR                                                            32 

                  4.8.3 RULE EDITOR                                                                                                 33 

                  4.8.4 RULE VIEWER                                                                                                33 

 

   CHAPTER 5.  TEST SYSTEM AND SIMULATION RESULTS                                 34-41                                            

        5.1   INTRODUCTION                                                                                                         34 

        5.2   TEST SYSTEM AND ITS PARAMETERS                                                                 34  

        5.3   SIMULINK BASED MODEL OF SYSTEM WITH LINEAR LOAD                         35   

                                                                                                                                                 

        5.4   RESULTS OF TEST SYSTEM WITH LINEAR LOAD                                              36   

                                                           

                5.4.1 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                     36 

                          SINGLE PHASE FAULT 

                5.4.2 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                    37 

                          DOUBLE LINE TO GROUND FAULT                                                                                           

               5.4.3 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                     37 

                        THREE PHASE FAULT                                                                                                                                                                       

    5.5   SIMULINK BASED MODEL OF SYSTEM WITH NON LINEAR LOAD                  38      

    5.6   RESULTS OF TEST SYSTEM WITH NON LINEAR LOAD                                       40                                                           

  

             5.6.1 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                       40 

                      SINGLE   LINE TO GROUND FAULT 

             5.6.2 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                       40 

                       TWO PHASE FAULT                                         

             5.6.3 LOAD CURRENT WITH AND WITHOUT DSTATCOM WITH                       41 

                       THREE PHASE FAULT  



xii 
 

 

CHAPTER 6.  CONCLUSIONS                                                                                                44  

          6.1    CONCLUSION                                                                                                          44 

          6.2     SCOPE FOR FUTURE WORK                                                                                44  

                                                                                                         

REFERENCES                                                                                                                            45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


