
Index

Time-Varying Waveform Distortions in Power Systems Edited by Paulo F. Ribeiro

� 2009 John Wiley & Sons, Ltd

A/D adaptors 213

AC/CD/AC converter 74

AC/DC converter 213

AC/DC/AC Conversion systems 74, 75

AC/DC/AC experimental analog models 75

AC/DC/AC frequency domain model 75

AC/DC/AC probabilistic modeling 76

AC/DC/AC time domain model 75

Accelerated aging 134

Active power 188

Adaptive notch filter 289

Adjustable speed drive (ASD) 195, 253, 254,

257, 260, 261, 270, 274, 275

Aliasing 150, 151

Almost Gaussian 59, 60, 62, 63, 66, 68, 69

Aluminum sheet facility 357, 358

Amplitude demodulation 240

Amplitude modulation 273

Analog to digital conversion 150

Analog to digital converters (ADCs) 150

Analysis filter bank 278–281, 286,

304, 305

Apparent frequency 304, 307–309, 315, 316

Apparent power 29–33, 35, 36, 37

Approach 101, 103, 106, 111

Arc furnace 161, 359, 361

Arc furnace facility 360–361

Arc furnace load 8

Arc furnace melting cycle 362

ATP 298

Average Value 12

Background distortion 75, 116

Background voltage 116

Balance equations 101

Balance power system 111

Bandwidth parameter 193

Bayes relations 123

Bessel 59, 60

Bessel function 59

Bivariate normal distribution 58, 60, 61, 63

Boundary effects (in wavelet) 194

Breakdown 132

Bursts of harmonics 133, 134

Capacitor aging 134

Capacitor temperature 135

Case studies 170

Cell phone battery charger 332, 353

Center frequency 193

Compatibility levels 162, 163

Complex time-frequency characteristic 178

Complex wavelet 191, 192

Computational effort 152, 154, 157

Conservative level 136

Continuous range of frequencies 25

Continuous time Fourier transform 151

Continuous wavelet transform 178

Converter 96–101, 104, 107, 108

Converter Station 167

Convolution method 53, 56

Convolution process 101, 102, 105, 106, 109

Corona 132

CO
PYRIG

HTED
 M

ATERIA
L



Correlation coefficient 8, 103, 153–154

Cumulative distribution 133, 134

Cumulative frequency distributions 336,

340, 344

Cumulative frequency histogram 83, 86–88,

336, 338, 345

Cumulative probability function (CPF) 117,

121, 122, 124, 125, 127, 162

Current distortion 36

Dampened sinusoidal 22

Damping factor 317–320, 322, 326, 327

Daubechies’ wavelets 180, 181

DC link 167–170, 253, 255, 257, 260, 261

DC-link harmonic 255, 260, 261

Decimator structure 279

Desktop PC 332, 333, 347, 349, 350, 352–354

Diagnostics 199, 208

Digital bandpass filter 304

Digital filter bank 304

Digital simulator 211, 212, 215

Digital sine-cosine generator 292

Dilatation parameter 193

Dilation 179

Direct method 95–97, 111

Dirichlet condition 44

Discrete Fourier transform (DFT) 151, 152, 157

Discrete range of frequencies 25

Discrete wavelet transform 179

Distribution network 332, 353, 355

Disturbance 25, 26

Dominant harmonics 317, 320, 323, 325, 326

Double-stage conversion 253

Down-sampler 281, 304, 306, 308

Dyadic down-sampling 293

Edgenworth approach 103

Electric energy 29

Electromagnetic Transient Programs

(EMTP) 211

Empirical mode decomposition 233, 234, 235,

236, 249, 250

EMTP 74, 76, 77

Enhanced PLL (EPLL) 304, 308–311, 314

Evolutionary spectrum 20, 22, 23, 24, 176

Excessive harmonic levels 134

Expected value 102–105

Experimental results 332, 349, 352

Fast Fourier Transform (FFT) 7, 9, 11, 12, 149,

151–152, 157, 234, 235, 303

Fast ICA 220

FFT 22, 168, 177–178, 187

Filter properties 152

Filter reactors 167

Filters 167–169, 171, 172

Finite element analysis 39

Finite element analysis software 41

Finite impulse response (FIR) 149, 150, 152,

154, 155

Firing asymmetries 75

Flicker 187, 313, 315

Fourier 270, 254, 255

Fourier analysis 21, 22, 96, 176–177, 321–323

Fourier methods 176

Fourier series 39

Fourier transform 21, 22, 149–152, 157,

175–180, 183, 255

Frequency distribution histogram 340

Frequency heterodyne 245, 248

Frequency resolution 178, 179

Frequency scales 188

Full-cycle DFT 290

Fuzzy control 199, 202–205, 207

Fuzzy inference 198, 204, 205

Fuzzy logic 197, 198, 200, 201, 204, 205,

207–209

Fuzzy logic toolbox 199, 209

Fuzzy set 198, 199, 201

Galvanic isolation 149

Gamma function 60

Gauss bell curve 157

Gaussian 57, 59, 60, 62, 63, 66–70

Gaussian assumption 63, 66–68

Gaussian distribution 13, 57, 67

Gaussian functions 21

Gaussian law 59

Gaussian modeling 65–67, 69, 70

Gaussian wavelet 193

Generalized gamma distribution 60, 61, 70

Generation variation 26

Gibbs phenomenon 44

Gram-Charlier approach 103

Hardware-in-the-loop (HIL) 212, 214–216

Harmonic 123–128

Harmonic amplitudes 253, 259

Harmonic analysis 1, 3, 5, 6, 7, 18, 175–176,

180, 185

Harmonic behavior 168

Harmonic bursts 133, 134

368 INDEX



Harmonic component 89, 176, 253, 254, 258,

259, 261, 262, 272–274

Harmonic content 135, 136, 149

Harmonic control 162

Harmonic current 53, 54, 58, 65, 69, 70, 115,

116, 117, 266–267, 274, 331, 333–341, 343,

345–351, 353–355

Harmonic currents magnitude cumulative

frequency diagrams 347

Harmonic data 133

Harmonic decomposition 19

Harmonic distortion 20, 23, 24, 175, 176, 180,

185, 197, 199, 200, 204, 205, 206, 208, 303

Harmonic elimination 257

Harmonic emission 162

Harmonic estimation 304, 308, 310, 315, 316

Harmonic filter 167, 168, 169, 171

Harmonic frequencies 135–136, 253–255, 257,

258, 273, 274

Harmonic frequency 89

Harmonic Group 85, 89

Harmonic impedance 115, 116, 121, 123, 128

Harmonic limits 162

Harmonic phasors 29

Harmonic power flow 95, 96, 100, 102, 111

Harmonic problems 171

Harmonic signal 149, 150

Harmonic source 217, 218, 220–224, 228,

230, 231

Harmonic standards 132

Harmonic summation 22, 53, 55, 161, 163, 164

Harmonic variations 135

Harmonic vectors 53–57, 69, 70

Harmonic voltage 36, 115–117, 123, 127, 199,

200, 201, 203, 204

Harmonic voltage levels 135

Harmonic voltage measurement 133

Harmonics 25, 26, 27, 131–134, 136, 167, 211,

212, 216–217, 253–254

Harmonics measurements 26, 27

Heterodyne 245, 248

High Voltage 167

High-frequency ripple 133

Hilbert Transform 282

Hilbert-Huang transform 250

Histogram 13, 14, 15, 16, 127, 133, 134

IEC 61000-3-2 132

IEC 61000-3-6 131

IEC 61000-4-3 132

IEC grouping of bins for interharmonic 90

IEC Standard 61000-4-30 73, 74, 91

IEC subgrouping 269, 270

IEEE 519 131, 132, 134

IEEE 519-1992 132

IEEE industrial test system 118

IEEE Standard 519 161

IEEE Standard 1459 32, 37

IEEE Standard 18 134, 136

IEEE Standard 519-1992 349, 354

Impedance amplitude 116, 120

Impedance variability 115, 116, 118, 120, 121,

123, 127

Independent component analysis (ICA)

217–224, 230, 231

Induction machines 132

Infinite impulse response (IIR) 149, 155

Ink-jet printers 337

Inrush current 283, 285–287

Instantaneous frequency 236, 240, 241, 245

Instantaneous magnitude 240, 241, 244, 245

Instantaneous phase 191

Instantaneous voltages 134

Insulation overstress 133

Integrated method 96

Intelligent Electronic Devices (IEDs) 296, 299

Interharmonic 121–128

Interharmonic amplitudes 256, 259, 263, 264,

266, 267

Interharmonic currents 76, 77, 80–82

Interharmonic frequencies 89, 253, 255–259,

262, 265, 269, 270

Interharmonic frequencies in LCI drive 78

Interharmonic Group 85, 89

Interharmonic Group frequency 89

Interharmonic impedance 123

Interharmonic spectra 82, 84, 85

Interharmonic vectors 53–55

Interharmonics 253–259, 267–272, 274, 275

Intermodulation 253, 255–258, 260–263

Interpolator structure 279

Intrinsic mode functions 234, 235, 250

Inverter 74

Isolation 149, 150

Itaipu Hydro Plant 167

Iterative harmonic analysis 95, 96, 107, 108, 111

Johnson approach 103

Joint density method 53, 56–58

Jointly normal random variables 61

Joseph Fourier 39, 40

Joseph Fourier: the experiment 40

INDEX 369



Kalman filter 152–157

Kalman gains 153, 155

Laplace Transforms 103

Large penetration 331, 332, 353

Large penetration electronic equipment 331, 353

LCI drive 254, 259, 261–264

Leakage 151, 152, 190

Light flicker 127

Line commutated inverter (LCI) 74, 78, 79, 254,

256, 259, 260, 261–264

Linear predication model (LPM) 318, 319, 321

Linear vector sum 161

Load disruption 132, 133

Load identification 217, 220, 222, 223

Load profile 218, 220–224, 230, 231

Load signal 156, 157

Load time variability 118, 119

Load variation 26

Magnetic saturation 75

Magnitude frequency distributions 339

Marginal distributions 54

Masking signals 234–237, 239, 240, 244, 245

Matlab 199, 205, 295

Matroids 268

Measured currents 169

Measurement techniques 149

Membership function 198, 199, 201, 202

Metering campaign 168

Meyer wavelet 48, 180, 181, 183, 184

Model based techniques 150, 152

Modified Hilbert Huang technique 235

Modulating harmonics 272

Modulation ratio 257, 261, 264, 273, 274

Monte Carlo 53, 56, 58, 62–65, 71, 101, 102,

105, 106

Monte Carlo method 58, 71

Monte Carlo simulation 53, 56, 62, 63–65, 74,

77, 117

Morlet wavelet 157, 158, 193, 194

Mother wavelet 179, 180, 182, 184, 185

Moving-average filter 310

Multimodal behavior 67

Multirate processing 303, 304

Multirate System 278, 279, 288

Multiresolution analysis (MRA) 175, 176, 179,

180–185

Nonactive power 29, 31, 33, 37

Nonlinear appliances 332, 353

Nonlinear equipment 349, 350, 353

Nonlinear sources 53

Nonperiodic function 25

Nonperiodic time-varying functions 20

Non-recursive numerical filter 291

Nonstationary processes 22

Nonstationary random processes 19

Nonstationary signal 234, 247

Nyquist criteria 293

Over-currents 135

Overheating 201, 203

Over-temperature 135

Parameter uncertainty 115, 119

Parametric bandpass filters 305

Parametrical model identification 349, 350, 353

Partial discharge 134

Pdfs 334, 353

Peak factor 137–147

Pearson 103, 105–106, 111

Percentile 95, 104–106

Periodic function 25

Phase shifting filter 188

Phase-locked loop (PLL) 152, 289, 303, 304,

309, 315, 316

Phasorial composition 55

Photocopier 332, 340, 353

Picket-fence effect 151

Point of common coupling (PCC) 161,

348–350, 352, 353

Polar plot 7, 8, 10

Polar representation 191

Positive sequence 32–34

Power electronic 175

Power electronic device 212, 213

Power factor 192

Power quality 187, 303, 316

Power quality contract 137

Power quantities 191

Power systems 197, 199, 208, 217, 218, 222,

224, 230, 231

Printer 332, 334–338, 347, 353, 354

Prior knowledge of frequency 317, 327

Probabilistic methods 29, 20, 22, 176, 185, 211

Probabilistic modeling 121, 128, 266, 269, 270

Probabilistic network analysis 93–95, 115

Probability densities 37

Probability density function (pdf) 3, 4, 7, 13, 14,

54, 55, 59, 65, 69, 77

Probability distribution function 14, 15, 16

370 INDEX



Probability functions 54

Probability histogram 54

Prony analysis 317, 318–327, 329, 330

PSCAD 298

Pulse width modulation (PWM) 254, 257,

259–261, 264–268, 272, 274, 275

Random characteristics 211

Random harmonic 53–55, 58, 70, 71

Random harmonic current injection 58

Random harmonic vectors 55, 70

Random load 31

Random modulations 257

Random variable 98, 103, 109

Random variation 169

Random vectors 54–56, 59, 69

Randomness 29–32, 34, 36, 37

Randomness current distortion 36

Randomness power 29, 30, 31, 34, 37

Randomness reactive power 32

Rayleigh 59, 60

Rayleigh distribution 4, 13, 59, 62

Rayleigh magnitude distributions 62

Reactive power 188, 190

Real wavelet 188

Real-time 212, 214, 216

Real-time digital simulators 211, 212

Real-time simulation 211

Real-time simulators 211

Real-zero phenomenon 237

Rectifier 74

Relative cumulative frequency histogram 83,

86–88

Residential customers 65–67

Resistant torque 77

Resonant frequencies 116

Resonator-in-a-loop filter bank 289

Rician 59, 60, 62

Rician magnitude distribution 62

Rician probability density function 59

Ripple harmonics in DC inverter 81

RMS value 190

Root sum of squares (RSS) 161

Rotation matrix 156

Sample of waveforms 357

Sampling rate alternation 279

Sampling rate impact 182

Scaling 149

Scaling parameter 192

Scatter plot 8, 11, 54, 63, 64, 67, 68

Selective harmonic cancellation 318, 322, 324,

326, 327

Shannon theory 293

Short term harmonic 27

Short time Fourier transform (STFT) 177, 178,

278, 289, 303, 316

Aliasing 12

Leakage 12

Picket-fence 12

Shorter-term harmonic 135

Short-term excursions 131, 132

Short-term harmonic levels 133, 136

Short-term situations 136

Short-term variations 136

Signal processing for interharmonic analysis 89

SimPower-matlab 298

Simulink 199, 200, 202, 204

Single Side Band Modulation 245, 282

Single site probabilistic harmonic

index 137–138, 146

Single-phase 331, 332, 353, 354

Single-phase nonlinear loads 331, 353

Singular value decomposition (SVD) 319, 320,

322, 327

Six-pulse inverter 80, 81

Six-pulse rectifier 80, 81

Sliding window 44

Sliding window recursive DFT (SWR-DFT)

290, 291, 293, 295, 299

Spectral analysis 5, 19, 20, 24

Spectral methods 176

Speed demand probability distribution 78

Standard deviation 12, 104, 111

State estimation 217, 218, 230, 231

State variable 153, 154

Stationary signal 234, 246, 247

Statistical concepts 168

Statistical measures 12, 13, 16

Statistical methodology 168

Statistical methods 211

Statistical treatment 167, 170, 171

Steady-state limits 131, 134–136

Steady-state quantities 131

Stochastic properties 153

S-transform 235, 244, 250

Student’s t-distribution 167, 170, 171

Subharmonic frequency 195

Subharmonics 37

Summation method 58

Superposition principle 55

Supply time variability 118, 120

INDEX 371



Switching 25, 26

Switching frequency 261, 262, 264,

266–268, 274

Symmetrical components 29

Symmlet wavelet 190

Synchronized 151, 152

Synchronous machines 132

Synchronous PWM 272, 274

Synchronous sampling 331

Synthesis filter bank 278, 281, 304

System average excessive peak factor ratio

index 142, 144–147

System average excessive total harmonic

distortion ratio index 142, 144–147

System average peak factor 142–147

System average total harmonic

distortion 142–147

System faults 26

System impedance 115, 116, 119, 120–122, 127

System probabilistic harmonic index 137, 142,

144–147

System total harmonic distortion 95th

percentile 142–147

Temperature 197–206, 208

THD limit 135, 136

Thermal heating 135

Thermal time constant 133–136

Time invariant linear discrete Kalman filter 154

Time varying harmonic loads 161

Time varying harmonics 25, 27

Time-dependent spectrum 22

Time-frequency analysis 44

Time-frequency domain 188

Time-frequency techniques 176

Time-varying (harmonic) frequency

components 180

Time-varying behavior 331, 332, 347, 353

Time-varying harmonic 1, 3, 11, 19, 23, 176,

177, 185, 197, 211, 331, 353, 354

Time-varying harmonic distortion 20, 23, 24

Time-varying loads 25

Time-varying nature of harmonics 137

Time-varying processes 211, 212

Time-varying sources 53

Time-varying waveform distortions 175–177,

183, 185

Time-varying waveform/harmonic

distortions 176

Time-varying waveforms 175, 176

Torque ripple 133

Total harmonic distortion 131, 134

Total harmonic distortion of current 138–140

Total harmonic distortion of

voltage 137–147

Total interharmonic distortion (TID) 86

Transient 25, 26, 27

Transient event 26, 27

Transient harmonics 317, 318

Transient Network Analyzers (TNAs) 211

Transient overvoltage 135

Transient phenomena 131

Transient response 152, 155, 306

Transients 25–27, 131

Translation 179

Typical harmonic voltage profiles 136

Unbalanced power 33

Unbalanced power systems 111

Unbalances 75

Upper sideband modulation 246

Up-sampler 279, 306

Useful life 140–141

Vector sum 161

Vectorial summation 53, 55, 70

Voltage dip 194

Voltage distortion 115, 116, 117, 123, 128

Voltage fluctuation 313, 315

Voltage overstress 133

Voltage variability 116

Wavelet 149, 150, 157, 158, 187

Wavelet MRA 185

Wavelet multi-resolution analysis (MRA) 175,

179, 181

Wavelet multi-resolution decomposition 178

Wavelet scales 188

Wavelet transform 48, 176, 178, 185, 278,

288–289

Wavelet-based filter bank method 48

Wigner-Ville distribution 177

X2 distribution 60, 63, 64

372 INDEX


