
Table of Contents

List of Figures 

List of Tables

Vi-Xl

X'XU

List of Photographs xiu
1. Overview 1-7
2 Active Power Filter: Configurations and Control Strategies 8-26

2.1 UCl control 8

2.2 SLMC and PI controller tO

2.3 3D space vector modulation

2.4 Hybrid Active Filter

A. Harmonic-Extracting Circuit

B. Gain-Adjusting Circuit
2.5 Combined Configuration: Shunt Passive and Series Active Filters 19

2.6 Unified Power Quality Conditioners (UPQC) 21

2.7 VS-APF using Multi-stage converter and DC-link. 22

• Basics of Multi-stage converters 23

• Active Filter Configuration 24

3 Active Power Filters: Applications and Design 27-58
3.1 Harmonic Compensation in Power Systems 27

3.2 APF Employing a Dead Beat Control 29

3.2.1 Shunt Active Power Filter 30

3.2.2 APF Implementation 31

3.3 APF Controller: DSP Implementation 32

3.3.1 Control Algorithm 33

3.4 Controller for Hybrid APF: Parallel Connection 36

3.4.1 Principles of operation 36

3.4.2 Control Circuit 37

3.5 APF for Harmonic Damping in a Power Distribution System 38

3.5.1 Experimental System 40



Table of Contents

3.6 Cooperative Control of Shunt APFfor Harmonic Damping

3.6.1 Review of APF Based on Voltage Detection

3.6.2 Feeders Under Fault Conditions

3.6.3 Communication System

3.6.4 Setup: Two Active Filters on the Same Bus

3.6.5 Setup: Two Active Filters on Different Buses

3.7 APF Implementation: PWM VSI in CASCADE

3.7.1 APF Control System

3.7.1.1 Current Reference Generator 

; 3.7.1.2 DC Voltage Control Unit

3.8 APF Controller: Modified Instantaneous Reactive Power Control

3.8.1. Control Algorithm

Modeling and Analysis of Active Power Filters
4.1 DC Model of a Series Active Filter

4.1.1 Dynamic Models for Power Electronic Systems

4.1.2 System Configuration

4.1.3 Stability Analysis

4.2 APF Analysis using Quad Series VS-PWM Converter

4.2.1 System Configuration

4.2.2 Design of Active Power Filter

4.3 Passive EMI Filter
4.4 Design Optimization of a Resonant Turn-off Snubber

4.5 Controlling Reactive Power Compensation in APF

4.5.1 Principle Of The Adaptive Algorithm

4.6 Advanced Control Strategic
4.6.1 Sliding Fast Fourier Transformation (SFFT)

4.6.2 p-q-n Method

4.6.3 d-q Control



Table of Contents m

5 Design of Power Circuit: Shunt Active Power Filter 77-89

5.1 Hysteris Current Controller 79
5.2 Isolation And Drier Circuit 80

5.3 Power Circuit 81

5.3.1 Design Of Inductor 82
5.3.2 Design Of The Capacitor 82

5.4. Instantaneous active-reactive power theory 83
5.4.1 Neglecting Zero Sequence Components 83
5.4.2 With Zero Sequence Components 85

5.5 Control Strategy 87
5.6 Power Circuit Implementation 87

4> Simulation of Control Circuit for Active Power Filters 91-104
6.1. Simulation Tools 92

6.1.1 MATUB 92

6.1.2 SIMULINK 93

6.1.3 Running a SIMULINK model 97

6.2 Controller Simulation 98
; i

6.3 Simulation Waveforms 1®1

7 Analog Controller card for Shunt Active Power Filters 105-110
7.1 Transformation of Signals into Orthogonal Coordinates 105
7.2 Instantaneous Real And Imaginary Power Calculations 106
7.3 \ Orthogonal Compensation Currents 196

7.4 ' Transformation of Orthogonal Currents inThtee Phase Coordinates i 107
7.5 Compensating Current Generation 189

7.6 Experimental results ;189

8 Development of APF Controller Software for DSP Implementation 111-153
8.1 Hardware Tools

8.1.1 TMS320C67IX DSK ,112



Table of Contents lv

8.1.2 Daughter Cards 113

8.1.2.1 Expansion Memory Interface 114

8.1.2.2 Expansion Peripheral Interface 114

8.1.2-3 Cross platform Specifications 116

8.1.2.4 Layout Daughter boards 120

8.1.3 ADS 8364 EVM_ 121

8.1.4 TLV2553 EVM 122

8.1.5 TLV5614 EVM 123

8.1.6 5 - 6 K INTERFACE EVM 125

8.2 Software Development Tools 125

8.2.1 Real-Time Workshop® 125

8.2.2 S-function: 128

8.2.2.1 M-Files S-Functions 129

8.2.2.2 Flag Arguments 129

8 2.2.3, S-Function Block Characteristics 129

8.2.3 Code Composer Studio 130

8.2.4 MATLAB Link for Code Composer Studio 134

8.2.5 SIMULINKBlocks: Embedded Targets 136

8.2.6 Data Converter,Plug-In: DCP 137

8.2.6.1 Create A New Project In CCS 138

82.6.2 Open DCP 139

8.2.6.3 Add A Converter 139 '

8.2.6.4 DSP Configuration 140

8.2.65 Converter Settings 141

8.2.6.6 Code Generation 142
If ’

8.3 APF Controller Software 143

8.3.1. Code Generation Using Real Time Workshop & CCS 143

8.3.2. Code Generation: Using CCS 145

8.3.3 Code Generation Using CCS Link 147

8.4 I/O Port Design 149



Table of Contents V

8.5. Hardware Setup 150

8.5.1 High Resolution Setup (using 1 linput ADC 150

S. 5.2 Low Resolution Setup (using 6 input ADC) 151

8.6 APFController Software 151

9 Concluding Remarks and Future Plans 154-156

9.1 Goals Reached

9.2 Innovations

9.3 Future Plans for Extension

9.4 Industry, Involvement and Interaction

10 Bibliography 157-171

Appendix A: Photogallery 172-179

A-I APF: Hardware Support Tools 172

A-II APF: Hardware Components/Modules 177

A-Hl Panel for Active Power Filter 178

A-IV Software Modules 179

Appendix B: Test Results 180-181

Appendix C: Papers Published 182-203

L , “Single Phase PWM Rectifier for Power Factor Correction ” 185 -192

2. "Higher reliability & Energy Saving by Addressing Requirements of IGMT Gate Driver and

Coordination with Power Converter Protection. ” 193-203

Appendix D: Experimental Waveforms 204-211

154

155 

•„ 155

156

Appendix E: Bills of Material 212


