Index

I-T product 21,22,42

admittance

— matrix 26,275

— positive-sequence 157

— shunt 221,222,242, 253, 259, 265
— zero-sequence 157

arc

— equipment 78

— furnaces 3,45, 78,138

ballast

— core and coil 47

— electronic 47

— non-linear reactive 47

cables 3

— 7w model 221

— ampacity 84

— equivalent ™ model

—— series impedance 252

—— shunt admittance 252

— frequency of oscillation 266

— insulation breakdown 81

insulation loss 83

nominal 7 model

— series impedance

—— shunt admittance

— subsea 145,221, 241

— velocity of propagation

— wavelength 266

capacitance

— mutual 151,229

— phase 152

— positive-sequence

— self 151,229

— sequence 152

— zero-sequence 152,232

capacitor 25,83, 86, 103, 105, 106,
112-117, 135, 283, 286, 287, 314, 326

241

241
241

266

152,232, 233

bank 1,3, 5,30-33, 35, 36, 38, 39,
81, 85, 88,104, 105, 113, 122, 136, 147,
282, 284

— modelling 151
— power factor correction 1, 3,5, 30,
35

— reactive power supply 3,5, 30, 35,
111,115

— relocation 105

— shunt 3,145

— switching 1, 35, 37,39

— voltage rise 30

current 31,35

damage 85,86

dielectric loss

fuses 85

harmonic current 25

harmonic voltage 25

heating 85

ideal 83

loading 284

loss-of-life 85

MVA rating 38

overloading 85, 284

power factor correction 91

— MVA rating 2

— MVAr rating 276

— voltage 2,276

rated current 25

rated voltage 25

rating 86,112

reactance 31,112,113

reactive power supply 41

relocation 111

series 153

shunt 41,47,151

size 116,121

switching 31, 38, 85, 87,103

thyristor-switched — TSC 47

tuning 106, 112-115

voltage 117,284,286, 288, 314

83,85



508 Index

— voltage rating 115, 286
charger 66

— battery 46,48

circuit

— admittance 26

— communication 84,103
— control 84

— de-tuning 3

— detuning 105

— electronic 103

— equivalent 26

— impedance 26

— linear 83

— magnetic 83

— parallel 85

— parallel RLC 26, 30, 43
— phasor diagram 31

— resonant 85

— series RLC 26, 28,43
— telephone 103

circuit breakers

— interruption capability 103
coil

— chorded 97,135

— full-pitched 98,99, 135
— Petersen 339

— pitching 92

span 94,96, 99,104, 111
commutation 49, 66, 69, 73
components

— positive sequence 388
— symmetrical 3, 386

— zero sequence 388
composite model 315
conduction time 47
conductor

— ac resistance 223

— common return 227

— electric image 229, 238
— geometric mean radius 223, 233
— insulated 108

— magnetic image 223

— mutual resistance 223
— neutral 223

— outside diameter 229,233
— phase 223

— self resistance 223

— transposed 108

— tubular 221
connection

— delta 15

— ground 15

— neutral 40

— star-point 14

— ungrounded wye 40
converter

— six-pulse 132

— twelve-pulse 134
converters 138

— 12-pulse 72,73, 75,107,209, 216
— 18-pulse 73,79

— 24-pulse 73,75,79

— 30-pulse 73,79

— 36-pulse 73,79

— 42-pulse 73,79

— 48-pulse 73,79

— 6-pulse 73,107

—— phase current 10, 209
— battery 66

— commutation

—— dc-side current 66

—— smoothing effect 73

— drives 315

— firing angle 66

— harmonic control 105

— line-commutated 66

— phase cancellation 3,105,107
— phase current 71

— phase multiplication 107
— power 3,41

— power-electronic 1

— three-phase 66

— three-phase 6-pulse 66, 74
coupling

— inductive 21,103

— mutual 227,228

crest factor

— current 21

— voltage 21,81,91
current

— alternating 45

— amplification 1

— branch 277

— chopped 47

— distorted 47

— double-frequency 92,111
— eddy 83,111

— fundamental 276

— half-wave symmetric 10
— harmonic 82

— line 275

— magnetising 82

—— peaky 40

— negative sequence 92,210
neutral 84

— non-sinusoidal 40, 45, 47



— phase 84

— positive sequence 210

— primary 40

— rated 82

— sinusoidal 40

— spectrum 74,75

— third harmonic 103

— third-harmonic 40

— waveform distortion 1
— zero sequence 103,170, 387
cycloconverters 45,47, 107

damping

— critical 29

devices

— harmonic-producing 2, 26
— instrumentation 103

— metering 84, 103

— non-linear 2, 3, 25, 26, 45, 81

— saturable 78

— semiconductor 41

— thyristor-controlled 45
— thyristor-involved 41
distortion factor 25

— current 16, 82, 275

— voltage 16, 82,275
distribution boards

— low voltage 145,169, 315
distribution transformer

— MVA rating 2

— percentage impedance 2

— X/R ratio 2
domain

— frequency 15
— phase 226

— sequence 226
— time 15,278
drives

— converter 145,169
— dc motor 46, 48
— variable frequency ac motor

efficiency 1,35, 82
electric

— energy transmission 45
— utility 1
electromagnetic

— induction 92

— shield 108

electronic controls 3
emf

— harmonic 40

— induced 92,93, 98,101,110

Index

— peaky 40

equipment

— communication 3

— derating 81

— electronic 1, 3,84, 103
— loss-of-life 84

— protection 3

— protection and control 103
— ratings 1

— regulation 35

— thyristor-controlled 3
— voltage regulation 1
excitation 83

factor

— amplification 86, 88, 89
— derating 108,109, 372

— distortion 2,135,275, 283
— distribution 93-95

509

- K- 108-110, 304, 325, 349, 364, 372

—— standardised 108
— pitch 93,94, 110, 111, 135

136, 276, 281, 282
— winding 93, 96
feeders
— reconfiguration 105
field
— magnetic 91
— pulsating 92,111
— rotating
—— backward 92,111
—— forward 92,111
—— in opposite directions 92
rotor 91,111
— standing 92
filer
— second-order damped 296
filter 3,105, 145,169, 315
- 11kV 136
- 20kV 125,279
- 22 kV 296, 340, 341
- 33kV 117,123,317, 358
- 6.6 kV 136
- 690V 128
— active 107,130
— anti-resonant 106

quality 28,29, 106, 116, 117, 121,

— current  282-284, 286, 288, 314, 326

— damped 106, 281, 323
—— first-order 106

—— second-order 3,106, 121-123, 136,

281-283
— third-order 106
detuned 106



510 Index

— double band-pass 106, 107

— eleventh-tuned 114

— fifth harmonic 113

— fifth-tuned 284,374, 375

— five-branch 128, 136, 340, 341

— four-branch 119, 125, 126, 278, 279,

317
— high-pass 106
— impedance 114,116, 118,120-123,

127,281, 282, 296, 317, 319, 323, 340,
343, 346, 358, 361, 363

— impedance locus 119,124, 130, 318

— impedance plots 125,129, 298, 360

— one-branch 296

— passive 105-107

— rating 123, 283,297, 317, 358

— series-tuned 3,106, 116-118, 136,
281,374, 375

— size 116,121, 136, 276, 281

— three-branch 123-125, 358

— tuned 106, 281, 323

— tuning order 276

- type 276,281

— voltages 283, 314, 326

flux density 82

— flattened 40

Fourier series

— coefficients 52, 54, 58, 62

— expansion 7,10, 14, 15,52, 58, 62

—— cosine terms 10

—— dc-component 10, 11, 52, 58, 62

—— sine terms 10, 11

— time function 9,11

frequency

— fundamental 2,5, 16,23-25, 31, 38,
83,90,93,111-113, 278

— natural 92

— oscillation 255

— resonant 26, 37, 38, 85, 86, 111, 112

— scan 2,26, 275

— tuned 105,112,113,115-117

— tuning 106

3,5,7,209

generator 3,46, 78,92, 105, 145

— ac three-phase synchronous
99, 104

— armature resistance 150

— impedance 150

— local 290,373

— negative-sequence reactance 150

— rating 35,91

— subtransient reactance 150

— synchronous 150

92, 96,

— zero-sequence reactance 150
grounding

— Petersen coil 339

— resistance 296, 316, 339, 358
— solid 296, 316, 358

harmonic

— amplification
350, 352, 373

— analysis 209, 214, 216, 300, 321, 344,
361, 368

— analysis programs 2,26

— balanced triplen currents 15

— branch currents 3,145, 169, 221

— bus voltages 2, 3,26, 145, 169, 221

— cancellation 209,214

— characteristic 106, 290, 373

— components 9,11, 15,96-98, 104

— components — sinusoids 5

— content 73

— current

—— circulating 108

— current distortion limits 141

— current injection pattern 26

— current spectrum 18, 22,42, 76, 77,
79, 80, 142, 209, 214, 216, 358, 366

—— 12-pulse 209,214

—— 6-pulse 209,214

— current waveform 298, 359, 367

— currents 108, 275

—— negative sequence 92,172

—— positive sequence 91,172

—— triplen 46,170, 277

— distortion 1,7,81, 296, 305, 313,
324, 327, 335, 348, 350, 358, 366

— distortion effects 3,81

— distortion factors 2,105

— distortion levels 290, 305, 324, 348,
350, 373

— distortion limits
348,364, 371

— distortion measures 3

— distortion results 2,3, 145, 169, 221,
304-313, 324, 326-334, 336-338, 348,
349, 351-357, 364, 365, 371, 373

— effects 3,84,91,103

— elimination 107

— environment 86,91, 92, 104, 109,
135, 283

— filter 169, 296, 340, 358

— flux 93

— flux component 99

— flux density 93

41, 85, 91, 290, 305,

137, 283, 304, 324,



harmonic source

harmonics

frequency 2,26, 38, 39, 85,93, 105,
112

impedances 2

injection 303, 324, 348, 363, 371
line currents 2,26

line voltage components 99

nodal injection currents 26

order 2,24-26,82,93,112,113, 222,
253,275

phase sequence 14

phase voltage components 99
power flow analysis program 275
power flow study 2,26
problems 2,275

— solutions — preventive
— solutions — remedial
situations 25

studies 2, 3, 25, 145, 169, 221, 275
— case labelling 290

trapping 112,114,116

tuned 106,112,114

voltage distortion limits 137
voltages 85,98,101, 110, 275

— negative sequence 172

— positive sequence 172
waveforms 5-7

105
105

302, 303, 323, 325,
347, 363, 364, 370, 371
classical, traditional
current 2

current pattern 22,42

current spectrum 275, 276
fundamental current 276
modelling and simulation 26
modern, power-electronic 45
1-5,15, 20, 81, 83, 84, 92,

45

94,103

characteristic 72

characteristics 3,5

even 10,11,52, 58,62
even-order 10

fundamental, fourth, seventh, ...
fundamentals 5

individual frequency 105
non-characteristic 107

odd 40

origins 3

second, fifth, eighth, ... 14
triplen 14,84, 108, 170, 276, 302,
323, 346, 363, 370

triplen (third, sixth, ninth, ...)
zero-sequence 47

14

14

high voltage grid 3,145

511

Index
— model 147
—— short-circuit equivalent 147
HVDC transmission 45, 46
impedance
— characteristic 86, 88, 89, 242, 253,
281
—dip 2,26
— driving point 2,26, 275
— equivalent 31, 39, 275

— equivalent system 255, 260

— harmonic 275

— matrix 26, 225, 275

— mutual 159, 228

— phase 158,225

— positive-sequence

— rise 2,26

— scan  2,25,275,302, 305, 306, 308,
310, 311, 313, 323, 325, 328-331, 333,
335, 337, 338, 346, 347, 351, 353, 355,
357,363,370

— self 159,228

— sequence 158,225,226

— series 221, 222,242,253, 259, 265

—— mutual 222

— self 222

— surge 251

— system 32, 33, 36, 88, 89, 260, 276,
300, 303, 305, 307, 309, 311, 312, 321,
324, 332, 334, 336, 344, 347, 352, 354,
356, 361, 364, 368, 371

— zero-sequence 157,228,232

in-plant point of coupling — IPC
293, 372

inductance 85,112

— positive-sequence 233

— saturable, current-dependent

inductor 24

— harmonic current

— harmonic voltage

— rated current 24

— rated voltage 24

— shunt 47

industrial plants

inverter 45,78

— dc/ac 66

- PWM 18

— six-pulse three-phase dc/ac 69

— three-phase bridge-controlled 67

— three-phase dc/ac 66

iron core 82

— magnetisation 82

157, 228, 232

138,

40

24
24

2,169

laminations 83



512 Index

lights

— fluorescent 3,45, 46, 78
—— ignition 46

—— negative resistance 46
— incandescent 103

— mercury 78

load 3,145,147

— A—connected 155, 156
— apparent power 35,155
— balanced 2,84, 159

— disruption 81

— electronic 103

— impedance matrix 158
— individual 154

— inductive 35

— lumped 154

— model

—— parallel 153

—— reactive element 153
—— resistive element 153
—— series 153

— motor 290, 373

- no- 91

— non-linear 81,91, 108
— non-sinusoidal current
— passive 155,290, 373
— phase admittance matrix
— phase impedance matrix
— power factor 155

— rated 91

— reactive power 35

108, 372

— sequence admittance matrix 157
— sequence impedance matrix 157,

159
— three-phase 158
— Y—connected 155,157
loss
— angle 84
— copper 81,90,91
— dielectric 81,83
— eddy-current 82, 83,91
— hysteresis 82, 83,91
— insulation 83
— iron 5,81,82,91
— line 1,35
— load 90
— power 23,83
— stray 90
— thermal 81
— winding eddy-current 90

magnetic
- field 82,83,91, 92

156, 158
158, 159

flux density 93
materials 46, 82
saturation 83

matrix

admittance 240
capacitance 152
cyclically symmetric 161
determinant 245
diagonal 159, 226, 237, 239
impedance 158,240
perfectly symmetric 159, 225
phase impedance 225
reduced 224

sequence impedance 226
series impedance 236
shunt capacitance 230, 236
symmetric 158, 225, 240
transformation — A 3, 385

—— determinant 385
modelling

frequency-dependent, detailed 26

motor 78

— impedance

X/R ratio 276
A—connected
316, 339
admittance 165

counter emf 48

dc 48

efficiency 164

equivalent circuit 160
high voltage 145,169,315
165, 276

164, 165, 167, 296,

— induction 3,145, 160

neutral

number of pole pairs 161

phase admittance matrix 161
phase impedance matrix 162
power factor 164

rating 276

rotor speed 161

sequence admittance matrix 161
sequence impedance matrix 161
shaft power 164

slip 161

speed 48

squirrel-cage induction 47
subtransient impedance 164
synchronous 47

synchronous speed 161
terminal voltage 48

voltage 276

Y —connected 164
zero-sequence impedance 164

84,108



— current 2,108

— return path 40

— wire 170, 387

—— derating 84

—— oversizing 84, 108

order

—h=pntl 72

— resonance 37

— tuning 113,115,281

oscillation

— torsional 92

passive load

— power factor

— rating 276

— voltage 276

permeability 223

permittivity 229

phase shift 107

— harmonic cancellation 209, 210, 214

phase voltages

— Fourier series representation

pitch

— pole 94,96,99,104, 111

— slot 95

point of common coupling — PCC
143, 276, 295

276

13

138,

power
— absorption 24,35

— active 19,20, 23

— apparent 20, 35

— delivery 25,35

— dissipation 23

— distortion 20,42

— quality 1

— reactive 19, 20, 24, 25, 35
— sinusoidal 1

— triangle 35

power factor 1,20, 21, 35,83
— actual 21

— correction 41

— displacement 20, 21

— distortion 20
— improved 35
— low 35
— original
— unity 21
power flow studies

— formulation and solution
power supply

- ac 66
— aircraft

35

26

66

Index 513
—dc 66
— dc, regulated 46
— space 66
— switched-mode 2,45, 76
power systems 1, 30, 37, 81
- <69kV 16
— balanced 15,388
— balanced three-phase 13,14
— bilateral components 10

pr

complex 26,275
component modelling 2,145, 169,
221

equipment 81
equivalent impedance 37
harmonics 3,4
industrial 145, 146, 169, 221, 275,
315, 316, 339

large 26

loads 81

simple linear 26
Thévenin equivalent 37
otective relays 84,103
electromechanical 103
ground 103

time delay characteristics 103

tripping 103

reactance 112

— ac line 49

— capacitive 26,112,153

— characteristic 113,116,117, 121

—dc 50

— inductive 26,111-113, 115

reactor 105,106, 112,114, 116, 283,
284, 326

— current 121, 286, 288

rectifier

loading 284

rating 284, 286, 287,314
reactive power absorption
rms current 284
thyristor-controlled — TCR 47
tuning 106,111
45

ac/dc 66
continuous current
diode 18,77
discontinuous current 64

firing angle 50, 56, 60, 64, 70, 78
load voltage 50, 54, 56, 78
single-phase 131

single-phase center tap controlled
50, 60, 69

single-phase controlled 48, 58
single-phase full-wave diode 49

115

56
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— six-pulse three-phase diode 131

reliability 1

resistance 23, 37, 82,114

— constant 23

— earth 223

resistivity 223

resistor 23, 106, 283, 284, 326

— current 121, 286, 288

— harmonic current 24

— harmonic voltage 24

— power loss 122

— rated current 24

— rated voltage 24

— rating 286, 314

resonance 2,3, 5,25-27,29, 32, 33,
36-39, 41, 84-86, 88, 89,91, 105, 112,
113,118, 137, 275, 283, 290, 296, 303,
305, 307, 309, 311-313, 324, 325, 327,
332, 334, 336, 347, 349, 350, 352—-354,
356, 358, 364, 366, 371, 373

— conditions 26, 145,169, 221

— order 37

— parallel 2,26,28,30,111, 112, 255,
261, 266, 276

— series  2,26-28, 255, 261, 266

— shifting 260, 290, 305, 307, 309, 311,
327,332, 334, 336, 350, 352, 354, 356,
373

— supersynchronous

response 15

rotating machines

— armature 94

— armature core 83

— backward mmf 111

— coil spanning 46

— distorted mmf 46

— fifth harmonics 46

— heating 91

— pole pitch 94

— pole shoes 111

— seventh harmonics 46

— slot pitch 95

— slots 95

—— sinusoidally distributed 46

— stator 91

— three-phase 46

92,103

3,45, 46, 81,91, 105

SCMVA
sequence
- 12n+1 72
— currents

—— negative
—— positive

260, 290, 305, 350, 373

15,72, 291
72,291

—— zero 15,170,171, 388

— harmonics

—— negative

—— positive 72,172

— negative 13,14

— phase currents

—— negative 171, 388

—— positive 171,388

— phase voltages

—— negative 170, 389

—— positive 170, 389

— positive 13, 14, 170, 276, 302, 323,
346, 363, 370

— voltages

—— negative 72,291

—— positive 72,291

—— zero 170,389

— zero 13-15,46,170, 277, 303, 324,
348, 364, 371

short-circuit capacity 290

short-circuit capacity — SCC 37, 86,
112,113, 143, 260, 276, 291, 296, 300,
305, 307, 314, 323, 327, 332, 334, 336,
344, 349, 362, 373

silicon controlled rectifiers — SCR’s 45

— asymmetrical 46

— firing angle 48

— light-activated 46

72,172

skin effect 23,81, 108, 146, 150, 173,
221
standards 2, 3,105, 137, 283

ANSI 72,92,172,291

EN 50160 140

— IEC 60289 284

— IEC 60871-1 284-287, 314, 326

— IEC 61000-2-2 138

— IEC 61000-2-4 138,295, 304, 325,
348, 364, 372

— IEC 61000-3-2 141

— IEEE 18 86, 283, 285, 287, 314, 327

— IEEE 519 16, 22,42,91, 137,294,
304, 324, 348, 364, 371

— IEEE C57.110-1986 109

— IEEE C57.12.00-1987 91

— NORSOK E-001/2 141

star-point

— oscillation 40

static VAR compensators

stress

— insulation 81,91

— thermal 81

— voltage 81

superposition 83

45,47



switchgear 155

— high voltage 145,169, 315
symmetry

— cyclic 161

—even 10,11

— half-wave 10,11, 52, 58,62
—odd 10

— perfect 159, 225

telephone interference 21

weighting factor 21,22,42

thermal limit 92
thyristors

bidirectional diode — diacs 46
bidirectional triode — triacs 45
gate turn off - GTO’s 46
reverse blocking diode 46
reverse blocking triode 45
reverse conducting triode 46
static inductive 46

torque

total harmonic distortion — THD

pulsating 91

18, 276
current 91
voltage 91
calculations
364, 371
current 3,16, 59, 63,109, 143, 145,
169, 221, 284

results 290

variations 373

voltage 3,16, 94,96-98, 102, 137,
138, 140, 145, 169, 221, 307, 309, 311,
312, 332, 334, 336, 352, 354, 356

transformation

transformer

modal 151,230

similarity 151, 205, 230, 497

3,45, 66, 78,81, 90, 105,
145,147,169, 315

X/R ratio 276

A-Y 172,175,186, 197,199, 216,

421, 481,488,494

A=Y, 109,135,184,418

A—7 204,206,496, 504

A—A 175,188,204, 206, 216, 366,
462, 496, 504

11/3.6 kV 135

110/20 kV 174

11000/400 V174

11000/690 V109, 217

13.8/69 kV 218

132/22 kV 216, 339, 352

17,

170, 277, 303, 324, 348,

Index 515

132/2x6/11 kV 214

22/2x1.5 kV 211

300/22 kV 36,174,296, 307
300/2x9/16 kV 219

300/33 kV 316,332

33/2x2.2 kV 218

400/33 kV 217,358
4160/240 V. 201

450/220 V. 366

69/12.47 kV 217

72/14.5 kV 203

admittance 173

connection 108,170,211,475

— delta 46,170, 277

— ungrounded wye 46,170, 277
connection group 209, 210, 214
core 83

core heating loss 91

current 109,135

DdO 188,205, 463, 498

Dd10 473,503

Dd2 465,499

Dd4 467,500

Dd6 469, 501

Dd8 471,502

delta-connected 46, 108
derating 91, 108, 109, 372
distribution 91

Dyg,1 184,419

Dyl 186,199, 203,421, 488
Dyll 217,218,493

Dy3 489

Dy5 172,173,217,490

Dy7 491

Dy9 492

four-winding 3, 169, 215, 216, 219
— equivalent circuit 213,214

— impedances 213

harmonics 3

heating 91
impedance
373
inductance 91
K-rated 108-110, 372
liquid-immersed 91
load 81

loss-of-life 91
magnetising current 46
— non-sinusoidal 46
— sinusoidal 46

— third harmonics 46
model 169

173,290, 308, 334, 354,



516 Index

— mutual admittance matrix 194, - Y-Y, 192,448
216,476 - Y-7Z 199,494
— MVA rating 276 - Y-A 71,172,175,182,197, 199,
— nameplate rating 81 216, 406, 481, 482,494
— no-load 40 - Yydl 178,394
— non-harmonic rated 109 - Y,dll 404
— outage 290, 307, 332, 352, 373 - Yyd3 396
— percentage impedance 276 - Yyd5 398
— phase admittance matrix 175,179, - Y,d7 400
191,192, 194, 195, 216, 391, 394, 396, - Y,d9 402
398, 400, 402, 404, 436, 438, 440, 442, — Yyy,0 189,424
444, 446, 448, 450, 452, 454, 456, 458, ~ Y,y,10 434
460, 475,477, 478 — Y,ys2 426
— phase shift 73,200, 206, 210, 494, ~ Yyy.4 428
504 ~ Y,y,6 430
~ power 46,91 ~ Y,y,8 432
— rating 35 ~ Yyy0 191,436
— regulating 91 ~ Y,yl0 446
- Ze;l(f; admittance matrix 194, 216, ~Y,y2 438
. . - Ygyy4 440
— sequence admittance matrix 175, ~Y,y6 442

179, 181, 183, 185, 187, 189, 190, 195,
216, 391, 395, 397, 399, 401, 403, 405,
407,409, 411, 413,415,417, 420, 422,
424,426, 428, 430, 432, 434, 463, 465,
467,469, 471,473,478

— short-circuit impedance 170

— single-phase 40

~ Y,y8 444

~ Y,—Y 191,436

~ Y,—Y, 189,423
~Y,— A 178,393
—Ydl 182,198,406, 482
— Ydll 416,487

—— no-load magnetising current 40 — Yd3 408,483
— size 290,373 - Yd5 410,484
— standard 110 - Yd7 412,485
— tertiary 211 - Yd9 201,414,486
— three-phase 46 - Yyg0 192,448

~ Yy0 193,205,450, 498
~ Yyl0 460,503

—— connection 40
—— delta-connected primary 40

—— harmonics 40 — Yy2 452,499

—— wye-connected primary 40 ~ Yy4 454,500

~ three-winding 3,169, 212,214,216, — Y¥6 456,501
218 - Yy8 458,502

—— equivalent circuit 209, 210 - Z=Y 199,494

—— impedances 209 — Z—7 204,206,496, 504

— transformation ratio 177,198, 200, - Z—A 204,206,496, 504
204, 206, 391, 481, 494, 496, 504 — zero-sequence equivalent network

— transmission matrix 197,199, 200, 170
202, 206, 216, 479, 494, 504, 506 — zero-sequence impedance 170

— turns ratio 71,177,198, 204, 391, transmission line 3, 145, 147, 221, 241
481, 496 — m model 221

— two-winding 3, 169, 216 — attenuation constant 242

— vector group 172,175,194,197,199, — characteristic impedance 246,253
200, 204, 206, 216,476, 482, 494, 496, — equivalent 7 model 241, 255, 260,
504 270

-Y-Y 10,71,175,193, 204, 206, 216, —— series impedance 252

450, 496, 504 —— shunt admittance 252



— frequency of oscillation
254,261

— fully transposed 240

— incident current 243

— incident voltage 243

— lossless 251

— mutually-coupled 228

— nodal admittance matrix 234, 252

— nominal 7 model 241, 255, 260, 270

—— series impedance 241

—— shunt admittance 241

— outage 290,373

— parameters

—— lumped model 241

—— uniform distribution

— phase constant 242

— propagation constant

— reflected current 243

— reflected voltage 243

— sag 223,229,233

— series impedance

— shunt admittance

— shunt capacitance 229

— surge impedance 232,233, 251

— transmission (ABCD) matrix 233

— transmission (ABCD) parameters
244

— transposed 225,230

— velocity of propagation 232,233,
246, 253, 254, 261

— wavelength 246, 253, 254, 261

trasformer

— vector group 391

246, 253,

241

242, 246, 253

222, 252
252

uninterruptable power supplies — UPS’s
66

utility

— grid infeed 290, 373

— short circuit capacity 2

— X/R ratio 2

variable speed drive — VSD 133

variable speed drives — VSD’s 1

— 12-pulse 169

— 6-pulse 18,80, 141

— pulse-width-modulated (PWM)
141

voltage

— amplification 1

— base 37

80,

Index 517

bus 275,277
distortion 40, 81
drop 1,35,40
fundamental 276
half-wave symmetric
line 96, 104, 388
line, rms 14
phase 96,104, 388
phase, total rms 14
rated 37
regulation 35

rise 35, 38, 39
secondary 40
sinusoidal 40, 45, 46
waveform distortion 1
zero sequence 388

10

waveform

wi

wi

basic 5

current 15,19, 22,42, 74-77
dc component 10
distorted 2,5,7,15
even 11

half-wave symmetric
62

odd 10
periodic
rectangular
sinusoidal 1,5

synthesis 8,10, 11,42, 52, 58, 62
time function 9,11, 12, 54,59, 62
voltage 15,97,98,102,135

nding 46,91, 94, 108

chorded 94

chording 94, 98,110

concentrated 94, 95,101, 102, 135,
136

damper 111,135

distributed 94, 95, 100, 101, 135
distribution 92,94, 110
fractional-pitch 94

full-pitch 94

10, 11, 52, 58,

2,7,15
71

full-pitched 136

primary 108,210

quaternary 169, 214

secondary 19,108, 169, 209-214
squirrel-cage 111

tertiary 169, 209, 210, 212-214
re

shield 223,230
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