INDEX

ebe phase segpence, 684, 683, 68%
ac penerator
induction generatar, 460464
syaclronous generater, 267345, Ser
atso Synchronous generator
ac machine. 230472
coil pitch, FOT.TE6
de machines, compared, 581
defiged, 230
distibuted windings, 716,725
efficiency. 26}
induction motor, 386472, See also
Endoition motor
tosses, 268262
mixgnetomoative foroe/flax diswribution,
HAG-250
pewer-fow diagram. 262, 263
speed regulstion, 263204
synchronous generators, 257-343, See
alse Synchronous generators
syhchronous motors, 346-379. See
also Synchronous motors
towque, 237238, 235,258
voiage, 233, 250-253
volage regulation, 262263
winding insulation, 258-260
ac machine stators. 716
ae motar. Ser Induction motor;
Synchrarous motor
ac phase angle control, 180-185
ac phase coatrol, 177-186
ach phase ssquence, 684, 685, 680
Arceleration/deceleration circuit, 592
Across-the-line starting, 430, 432
Air gap, 518
Air-gap flux density dismibution, 707
Airgap tine, 284
Air-gap powes, 393, 397, 408, 661662
Alteraators, Ser Synchronous generaors
Amortissenr windinge, 367371
Ampere * wm/m, 737
Ampere’s law, B
Analog palse generation circuits, 171
Analysis. See also Nonlinear analysis
cutwsiatively compounded de
generators, 514..615
differentially compounded de
genecators, 518.61%
shumt do generator, 600608
Angulat acceleration, 4
Anguiar position, 3
Aanguiar velocity, 34
Apparent power, 49..50
syaclronous generator, 327
wamsformey, | 38139
Apparent power rating sdvamage,
H2-113
Approximate wansformer models, 89
Armature, 400, 526
Armatare loss, 524
Armaiure reaction
de machines, 502-505, 520
polke faces, 320
separataly axcited de genermor, 398
shant dc motor, 540
synchroncus generator, 114

Armature renction volage, 276
Armature resistance voltage drop, 732
Armature windings, 267, 492493, 520
Amotransformer, 109116
apparent power rating advantage.
2113
disachvantage. 115
imterml impedance, 115
variable-voltage, 115
voltage/curnem refaionships, 111
Avtotransformes starter (induction
motor), 432
Avesage Flux per marn. 78
Averape power, 48, 49

Balanced three-phase systems, §93..700

Balanced Y-connected load, 690

Base speed, 438, 553

Belt harmonics, 714

Blocked-roror condition. 390

Blocked-rotor rotor reactanse, 391

Blocked.sotor test, 455

Breadh factor, 718-~7120

Breskdown torque, 409. See olso Pullowt
e

Breakover voltage (Wyp), 153

Brush. 268

Brush drop losses, 525, 593

Brush bosses, 525

Brush shifting, 508

Brush voltage drop. 525

Brushes, 489, 521..523

Brushless do motor, 674677

Brushless exciters. 268-271

Cage induction moor. 382

Cage rotor_ 380, 381, 417.419

Capability curve, 320-334

Capability diagram, 329

Capucitive foad, 51

Capacitor-start, capacitar-run malor,

630,653

Capacitor-start motors, 642053

Caze Iosses, 28

Chamfered poles, 320, 521

Charge of the electron, 737

Cheke, 171

Chopper, 186-193
forced comumetation, 187, 18%..189
purallel-capacitor commutation

circuits, 191-193
series.capacitor cotmmutation circais,
188191

Chorded winding, 491

Chorded windings, 700

Circulating current cycloconverter,

215.218

Code letier, 430, 431

Coercive magnstomotive force, 27

Codl pitch, 707-TH)
fractional-pitch coif, 709712
fractional-pitch windings, 712-716
harmonic probiams, 712716
pitch of acoil, TOB. 709

Common curremt (Eo). 109

Commdi voliage (Ve), 109
Coramon winding, 109
Comautating machinery. See de
machine
Comsmntating polesfinterpoles. $08-.5§]
Comimatation
chopper circwits, [8R.189
cycloconvarter, 210
defined, 479, 485, 489
external comemntation iaverter, 194
forced, 187, 188-189, 210
four.joop de maching, 483..490
paratiel-capacitor commutation circuit,
191193
soif.commastation ivvener, 195
series-Capacior commutation circuis,
189194
Comurastator, 473, 409, 519, $21-523
Commutator pitch, 492
Compmtator segments, 479, 459
Companatorn, 202
Compensaling windings, 5§2-513
Complex power, 50..5
Compounded do genarator
cuemiatively compounded, 611-615
differentinlly compounded, $15.619
Cormapounded do motor, 568-373
equivalent cireuil, 569
Kirchhoff's voltage law, 568
magnetomotive forve, 568560
noptinear analysis, 371-573
spead controd, 573
torgue-speed characteristic
{cumulatively compounded
motor), 369-570
torque-speed characteristic
{differentially compounded
motor). 570571
Computer softsare program. See
MATLAR

Condenser, 164
Conhsctance. 12
Conductor, 490
Conductor skewing. 724, 725
Comegquent poles, 437
Constani-frequency cycloconverter, 209
Constant-hoTsepowss connection, 439
Constam.outpet-power connection, 438
Comstanis, 737
Copstent-torque connection, 438, 43¢
Conversion factars, 737, Ser also Units
of measure
Copper losses
ac machines, 261
de machines, 524525
de motors, 592
induction mators, 395
modeling. 86
RCL. 261, 662
SCL. 261
single phase indoction motars, 662
synchronons gensrator, 3728
transformas, 86, 02
Cove boss, 28
ac machines, 261-262
de machines, 525

739
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Core joss—Lont.

de motors, 593

induction motors, 393
Core-form ransformer, 67
Conedoss curtent, 83
Countervoltage-senising relays, 581
Cross-field theory, 543645
TSL 195149
Curlative compounding, 568
Cumulatively compourded dc genezator,

15815
Cumulatively compounded dc motor,
368573

Current

common. 109

core-loss, 33

& connection, 958683

excitation, 83

innsh, 146

fagging, 51

leading, 52

magmetization, 81-82

secies, 104

thiree.phiase circuit, 685689

Y connection. 585-688
Current weush, 139140
Current source inverter {C51), 195-19%
Current transformer, 68, 141142
Current-limiting circuit, 392
Currept-limiting fuses, 539
Cycloconveriers, 209218

basic concepts, 200..14

circubating current, 215.218

coastant-fraquency, M09

forced commutation, 21

woncircubating current, 204-215

varisble-frequency. 209
Cyhindrcak-mator machine, 247

Damper windings, 367-37]
de armatute voliage comrofler
circuit, 383
de generators, ¥34-.619
camuiatively compounded, 611615
defined, 594
differentially compounded, 615619
equivatent circuit, 594, 596
popularity, 593
prime mover, 393
separately excited, 396.8502. See also
Separately excited do generator
segies, 08610
shunt, 602.608. See also Shant do
generator
types, 554
voltage regulation, 595
dc machine, 473032
ac machines, comparad, 681
arature reaction, 502505
brush shifting, 508
beushes, $21.523
conurmtating poles/interpoles,
We-511
comupatation, 485.489
commatator, 473, 519, 521..523
compensating windings, 512-513
soastryction, SE8-523
efficiency, 524
four-loop machine, 48549
frogleg winding, SOL.502
generators, See de generators
insplation, 521-523
L disdh vokage, 505507
lap winding, 403497
losses, 524525
motors. See de motors

polefframe construction, 520-521
power-flow diagram, 523526
problems, 502-514
motating loop berween curved pole
fuoes, 473485
retorfarmatare construction, 521
rotor codls, 390492
totor {armatare ) windings, 492493
torgue., 480-482, 516-517
voltage, 475.480, 514..516
wave winding, 497-3501
de machine magnetization curves,
536.538
de motor, 333-594
compounded de motors, 568.573
control and prodection equipment. 573
eificiency. 592-594
equivalent circuit, 535.536
losses, 390503
tragnetization corve, 536.538
motoy starting circuits, 578-582
PMEXC motors, 559562
popalarity, 534
separstely excited motor, 333-339,
551. 8¢ also Shum de motors
series do motars, 562-568
shunt de motors, 538-532. See also
Shisat de motors
solid-state de motor controdber,
585..592. See also Sofid.state de
metor coatrolker
speed regulation (SR), 534-535
starting problems/solutons, 573.582
types. 535
Ward Leonard systern, 583.- 585
de moter starting circuits, ST8. 582
de test, 454-455
de-to.de converters, ERG.193, See also

Chopper
Deep-bar rotor, 420422
Delta () connection, 688089
Delta-delta {A.A) connection, 123
Delta-wye {(A-Y) connaction. 121132
Drerating, 134, 441
Design class A motors, 423
Design class B mofars, 422
Desige class C motors, 422
Design class D motors, 422-423
Desige class F induction motor, 423
Design classes, 421423
Developed mechanical power, 397
Develaped torque, 3958
DIAC, 158
Differentially compoundad d¢ goneran,
615.619
Differentially compoundex] dc motor,
563573
Digital pulse generation circnits, 171
Diode, 153154
defined, 153
free-wheeling. 186
BLV, 154
PNPN, 1354155
switching time, 154
wigger, 154
Direct synchronous reactanos, 731
Diswibuted windings, 716725
bresdtbvdistribution factor, THE-T20
siot harmonics, 722724
voltage, 721
Distribation factor, 718720
Diztribution wansformer, 67, 98
Distribution tzansformer aameplate, 141
Diverter vesistor, 613. 614
Domain, 27
Dot conveation, 70. 84
Dogble-cage rotor, 4204322

Double-tuyer windings, 118
Double-revolving-field theory, 638-642
Doubly excited synclronoos

machine, 388
Puplex jap winding. 496
Daplex rotor winding, 492
Drynamic stability hois, 326

Eeceniric poles, 320, 521
Eddy current losses, 28
Fataday's law, 31
Terromagnetic care, 28
trunsicrmer, 86, §02
Eddy currents, 31
Edison, Thomas A, 66
Efficiency. Ser alse Epergy loss
ac machine, 261
dc machines, 524
de mowors, 592504
induction motors, 428..430
aominal, 428429
transfoemer, 102
Electric circuit, 11
Electrical degrees, 490, 708
Elecwical losses, 264, See alrs Copper
iosses
Flectrical machine, |
Electronics circuit bourd, 387
Enerpy, 737
Energy loss
ac inachines, 261262
brush losses. 525
copper lasses. Ser Copper losses
core loss. See Core loss
de machines, $24..325
dc maotors, 592-593
eddy currers losses. See Eddy curreat
losses
farromagnetic care, 26-28
Triction losses. 262
hysteresis loss, 28
induction motors, 394..396
mechanical Josses, 262
nc-load rotational loss, 262
fotational ksses, 395
stray losses, 262
transicerners, 102
windage losses, 262
English system of unit. %, 53, 137, See
also Units of measore
Equadizers, 404, 496, 498
Equalizing windings. 494, 496, 498
Equivalent circuit
componnded de motors, 569
cummiatively compeunded de
goeyator, &f1, 612
de generator, 596, 597
de motor, 533336
differentially compounded de
generator, 616
ideal transformer, 73
indaction motor. 388.394

per-phase. Ser Per-phase equivaient
circuit

salierg-pofe synchronous gensrator,
TB-T34

separately excited de generator,
596-597

separately excited dc motog, 538
series do generator, 600
shunt de penersice, 503
shunt de maotor, 338
syachronons generator, 214279
syachroncus motar, 347
transformer, 8694

Equivalent field curment, 344, 599



Excitation cortent, 83
External comentation inverter, 194

Fan torque conpection., 439
Fan totgue putiern, 448, 451
Faraday's law, 2832
Fast-qecovery high-speed diodes. 154
Faalt, 325326
Ferromagretic makerials
defined, 8
energy loswes, 16-08
magnetic bebavior, 1123
magmetitation curve, 560
permeability, 21
Field circuit, 324
Field cicwit Joss, 524
Field jose relay, 539, 581
Field Jass trip, 589
Field resistance, 593
Field windisgs, 267, 520
Fihering rectifier oustput, 171
Firiag angle, 179, 181184
Flashiag the fiekt, 604
Flashover, 304
Flat-compounided, 613
Flux
# machines, 246-250
gir-gnp Mux density distritodion, 707
leakage, 13, 78, 70
magaetic circuit, $2-13
awneal, 78, 79
residual, 27
series de motors, 563
Flux density, 18, 19-21
Flux densily vector, 247
Flux linkage, M, 77
Fiox weskening, 504-305
Faree, 737
Forced commuiation, 187, 158-189. 110
Form-wound stafor coil, 717
Fou-loap wo-pole de machine, 485
Four-pole lap-wound ke motor, 495
Four-pole shaded-pole induction
moior, 655
Fout-pole sikor winding, 243
Four-pole wave-wound do machine, 199
Fout-quadrant solid-state do motor
coptrotler, 586
Fractional petch coil, 491, 708, 709-712
Fractional-pitch windings, 249, 712-716
Pructioned-slot harmonics, 724
Frame, 518
Free wheeting diode, 136
Frequency
indaction motors, 386288, 438443
synchrosous generator. 326-327
synchyoaous motors, 373
trunsfoerner, §34
Frequency-powet characleristic,
64308, 317, 39
Frequency.versuu-power diagram,
e
Friction losses, 262, 525
Fringiag cffect. 14
Frog-ley winding, 501. 302
Full-load voltage regulation, 100
Full-pitch coil. 490, 708
Fullwave rectifier
angle.phase, 67168
theve-phase, 169170
Fondamental frequency, 204
Fuse 378, 579

Gae wmoff (GTO) thyristor, 157
Crenernl Electric enerpy saver mosor, 419
General-purpose pattern, 448, 449

Generator
de. 554619, Sre olso di generstors
defined, 1
induction, $00-$64
Hoear do motor, dE--43, 44
synchronous, 267343, See also
Synchwonows genseator
Generator action, §, 35
Cihost phase, 126
Governor mechanism. 304
Ciraphical analysis. Ser Aoalysis
GTO thyriston, 157

Half.wave rectifier

single.phase, 163..166

three-phase, [68..169
Hwmonic problems, 218.221, 712,716
Heating limit, 335
Higher-voltage trasssnisaion kines. 16
High-power elevironics section. 590
High.power solid-state devices. See

Power ehectromos

High-slip regice, 403
High-starting-tongue pasem, 448, 450
Holding current Iy}, 153
Hoersepower, 737
House diagram, 309, 311
Hysterasis, 26
Hyseresis curve, 77
Hysteresia loop, 26, 560
Hysteresis foss, 28
Hyweresis moiar, 666669

L. 108
Iy 110, 155
1. 119
Ise 108
TR losses. See Copper losses
{dez] ransforamr. §7-76
arcwts, 72-76
conversion of meal transformet 10, 86
dot convention, 70
impedance iransformation, 71-72
magnetization curve, 85
power out, 71
sche matic symbol, 6%
twins ratio, 69
IGHT. t61-t62, 209

sutotransformer., 115

defined, 71

ideal transformex, 7172

imermal machine, 285

rotor cureuit mode], 391

Thevenin, 307
Impedance angle, 48, 49, 51, 52
Indoced Forve on wire, 32-33
induced tarque. See Torque
Induced valuge. Ser Voltage
Induction generator, $60-464
Induction machines. 230, 380
Induction motor, IB0-472

adjustable acceteration/deceleraion

ramps. 448, 452

cage rorn. 380382 417419

arcist moded parnirwters, 452460

currem himit, 466

dc test, 454453

deep-bar rotor, 420420

design classes, 421.423

distinguished feature, 380

dovhle-cage rowy, $X422

drives, 444452

efficwncy, 428430

electrical frequency 0w rotor, 386.-388

pquivalent cecuit, 188..334

iINDEX 741

hisorical overviow, 416428
smhocest lorgue, 384-385, 401408
fine Frequency, 43&.443
linw voltage. 443
locked-rotor test, 435448
losses, 394356
magnetic field, 402
maghetic Mmotor starter ol
432-434
magnetizatios curve, 38%, 390
method of coasequent pokes, 436-438
samephase, $64 465
ao-lcad e, 452454
overioadfundes voltagr protaction,
43343
per-phase equivalent cironit, ¥4
pole changing, 436432
power, 196.398, 466
power Himit, 466
power-flow disgram. 394
petiout torgue, 410433
PWM drives, 444347
ratings, 464..466
resistive starter cirmng, 434, 435
rolor citcuit mode], 390-393
eotor frequency, 387
cutor resistunce, 443444
rotor skip, 386
rolor versis stotor renctaoes, 457, 438
separming rotor copper losses/power,
308401
short-circuil protaction, 433
single phase molofs, 637-605. See
also Single-phase induction
motors
speed control, 434444
stacting, 430-434
stanting code lettery, 430, 431
synchsnnous speed, 1835, $35-436
g4 384, 304, 401408,
4H}-452
iorgue-speed charscienstic, 401-416
wansformer model, 389-390
voitage, 443, 465-466
voftage rating. 463466
voliage-versus Jraguency parerns,
448451
woand rofor, 382~ 3584
Induction metor controf circuits, 433
Induction motor design classes. 421423
Indaction motor drives, 434452
Iduetion motar retngs, $04-466
Enduction motor starting circuits,
432-434
Inductive kick 505
Inductive load. 31, [84-186
Infinite bus, 308
Input windiag. 66
Ireush cumeat, 140
Instandanecus stalic trip, S89
Instrument aosformers, 140-142
Insutated-gate bipolwr transistor (FGBT )
165162, 39
insulation
ac machines, 259, 260
do machenes. 491, 323518
avahesting, 335, 1%
rotot coils, 491
synchronous generaton, 335
Internal machine impedince. 225
Iaverse.time overfowd trip, 589
inverter, 193
current soarve, 195-199
exemal comanutation, 154
PWM., 202-20%
rectifier-inverte, 193209
voltage source, 195, 196, 199262
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Jouldn {1, 737

Kilograrn (kg). 737
Kilovolamperes, 337
Kirehhofl's current luw. 683
Kirchhoff s voltage law
campourded de motor, 568
equivalent circui! {synchronous
generator), 276
sgvalent ciroult {synchronous
motor), 347
freld current changes (syachronous
ot ), 357
linear dc machine, 37
separmety excited & generator, 597
separsely excited de motar, 539
series dec geaerstor, 609
secies do motar, 362
shiunt dc genersion, 603
shuat & motor. 539
sransformer phasor diagram. 100
¥ connection, 687
Kowwr, 1
KVL equatioa. See Kirchhoff's
voltuge baw

L disdt volisge, 505507

Lagging current, 5§

Lagging powaer factor
synchionous geoerator, 289. 290
syachronous motor, 349, 355

Laminations, 51

Lap winding, 493497

Earge power systems, X08-312

Lending currem, 52

Leading power facter
synchronaous geserstor, 290
synchronous mesar. 352, 362

Leakuge fux, 13, 75, 79, 86

Lenkage reactunce, 417

b1

Lore's law, 29, 30, 34, 85
Line frequoncy. 438.443
Line quantities, 68%
Linew dc machine, 36-47
Fonir banic egquaions. 36.37
geoersior, as, 41432, 44
motor, #s. 3341, 44
swrting the machine, 37-39, 4247
Lond changes
synchronods generators. 289.299
synchronous motar, 351355
Load-comunstmed srverern 194
Locked. rotor condition, 390
Locked.-rotor test, 455458
Long-shant conmection. 615, 616
Loss. See Energy loss
Low-power slectronics section, 590..592
Eov alipy regions, 408

Magnetic cirouit, 11-24
Magretic core, §
Mugaete domaing, 27
Magnctic feid, 8-28
basic principies, &
effect on suroundings, 32, 13
Faraday's law, 18-32
Iringing offect, 14
induced vollege on conductor, 3435
incdaction motors, 407
magnetic circuit, -1
production of, 8-10
rotating fekd, 238246, Sev ol
Rotating magnetic field
simple foop, 230-238
single-phusie induction motoe,
658659
syachronous moter, 347356

Magnetic frekd intensity. 9. 10
Magnetic flan, Y37
Magnetic flux density, 9-10. 19-21. 737
Magnetic motor starter circwit, $32—134
Magnetic nestral plase, 502
Magnetic permexbiiity, 9, 71
Magnetization curve, 21, 22
de motors, 536538, 545
ferromegnetic materiat, 560
iden) trensformer, 88
sdvetion machine, 463
snduction motor, 389, 390
synchrosous genersiar. 73
yaufonmer, 85, 136, 300
JMVEES-V transformmr, [36
250V d¢ motor, 348
Magnenzing inensity, 21, 737
Magneuzing reactance., 389
Magnetomotive Force
w rachizes, M6.250
brushs shifting. 508, 500
sotrpensating windings, 512-513
compounded de motor, 568
cumstiutively compounded de
gonerator, 6] §
de machine, 508, 509, 512-513
differentially compoaunded de
seneraton, 616
magoetic circwt, 1]
separaiely excited do genermor, 598
unit of measure,
Magnetomotive foroe (ol E
Maig vansformer, |31
Manga] dc motor starter, 575
Maas, 737
MATLAB
field current changes {syachronoos
motor}, 339
firing angle, 181183
tinear dc motor, 46
magpetic ciromt, 1617
magnetization curves, 537.538
ripple focter, 163166
rotting magnetic field. 245-246
speed (shune de motoe), 556557
terrnitmf characienistic of synchronous
gereraton, 298299
torquae -speed characteridic (induction
motor), 415.41 6, 424415
tongae peed characteritic (seres do
moor), 366-. 5467
torque-speed charmterisiic (shunt de
manor), S46-547
voltage regelation, §06-107
voltage/ frequeny canings, 136.138
Mewszrement, See Units of measure
Mechanica! degrens, 708
Mechanicat losses, 262, 525, 593
Meter ém), 737
Method of comsequent poles, 416.438
M-filc. Sre MATLARB
Miscellaneous tosses, 262, 525
mmf, 1i. Ser abso Magnetomotive force
Moderate-stip region, 305
Momeat of iaertia, 6
Motor action. 8. 33
Motors
brushless, §74-677
de, 53354, See alse do motor
defined, |
bysterasis, 666669
induction, 380472 See also
Enchaction metor
lincar de mumor, 39-41, 44
miuctance, 555566

single.phase, 533

single-phase induction, 637-665. See
also Single-phase induction
L 4
specinl-purpose, 665-667
swepper, 870674
synchronous, 146.379. See abo
Synchrancas motor
universal, 634.636
m-plex lap winding, 496
Mulliple staior witdings, 438
Muitiplex wave winding, 500
Muitiplex windings. 493
Mumes flux, 78, 7%

Namepiate, 140, 14t
induction motor, 464463
syscironous motor, 373
truncformmer, 140, 141

Negstive group, 214

NEMA code leters. 431

NEMA insulntion classes
integral-horsepower ac machines, 259
tkegral-horepower dc motors, 573
mean insdation lfe vs, winding

wemporalure, 260
NEMA nominal sfficiency
standards, 429
NEMA Standard MG1-1993 (Morors
and Gencaxtors), 759, 524

Neutral, 683

Neutral-phane shift, 502504

Newton (N), 737

Newsoo-seder (N » m), 737

Newton's baw of rotation. &

No-lowd rotationat osses, 262, 993

Nowload wrmioal volage, 463

Nos-kowd 1o, 452454

Nomival efficiency, 428-429

Noncirculating curmt ¢ ycloconvater,

8.8

Nonlinewr analysis. See alss Amlysis
compoubded de motor, 571573
separately excited do generator,

598-602

shunl de molor, 543-547
Nonsalient pole, 263
Noasalient-pole mwchings, 247
Noasatien: pole rotor, 268
Normally closed contact, 579
Normadly cpen contm, 578579
Natation, 2

OO, 283..284
Chm’s law, 12, 50
DOnonzing gersior, 30
Quwe-tirw: chagrarms, 700
Opea-circuit charscteristic (OCC),
83284
Opea-circuit 1est
synchronous gonerakon, 283
ransiormer, $0-3
Open-A connection, | 26129
Opep-wie.opet-del connection,
130-431
Oniput winding. $6
Owvercompovndad, 613
Overheating of windings, 335, 336
Overiond, 579
Overload protection, 433434
Overtempersture trip, $89

Paratie} operstion of s generators,
209..319
sdvaniages, 300301
frequency -power churncieristics,
37,319
generaiors of some wae. 312318
nfindie joss, 308312



lnrge power systems, 308-312
peralieling conditions. 3(H-303
step-by-step procedure, 303-304
synchroscope, 303-30d
theoe Hight bukh method, 302, 363
Parallel-capacitor commutation circuit,
i91-192
Peak inverse vokuge (PIV), 154
Percentage of ripple, 163
Pormanent split-capacitor motors,
650, 652
Permaneat-magoet & (PMDC) motor,
559562
Permanent-magnet stepper s,
672673
Permeability
ferromapnetic materials, 21
free space, 10, 137
mizgnetic, 9, 2§
eelative, 10
unis of measare, 10
Permeance, 12
Permittivity of free space, 737
Per-phase equivalent circuit
balanced theee-phase systems,
693, 64
induction motor, 34
synchronous genertar, Y18-279
synchronous motor, 348
Peranit system of measurements
single-phase transformer. 54
thees-phase transfoemer, 123134
Phase belt, 718
Phase group, 718
Phase quantitiey, 688
Phisse sequence, G684, 685
Phasor diagram
salient-pole synchronous
genegatar, 732
sysehronous generata, 279-280
synchronous motor, 349
transformer, 100101
Pilot exciter, 371
Pitch facior, 491, 712
Pisch of 3 cofl, 708-709
BV, 1M
Plox (armature windings), 492
Plugging, 410
PMDC motor, 559-562
PNPN diode, 154155
Pole changing. 436438
Pole Face, 518
Poie pieces, 518
Pole pitch, 768
Pole shoes, 318
Position sersor, §17
Positive group, 214
Porential ransformer, 68, 141
Power, 7.8
akr gap. 395, 397, 408
appaent, 49.50, See alyo
Apparent power
complex, 50.51
defined, 7
developed mechanical, 397
eqeation, 7
ishuction motor, 396-398, 466
reactive, 49
rexd, 48
salient-pole machine, 734735
syachronous genezator, 380283
theee-phase circoits, 590.693
units of measure, 7, 737
Power diodes, 153154
Power electronics, 152229
comgeonents, 133-162
cycloconverters, 200.218. Ser also
Cycloconveriers

de-to-de power control, 186193,
See olso Chopper
DIAC, 158
diode, §53-154
GTO thyristor, 157
harmonic problems, 218-224
IGBT, 166162
inverters, 93200
PNPN diode, 154155
powes transistor, LO0
powerfspeed comparnisons, 162
pulse circuits, 171177
pulse synchronization, £77
rectifier circuits, 163-170. See also
Rectifier circuits
rectifiar-inverter, 193-209, See also
Enverter
SCR, 153.157
TRIAC, 158-159
voltage variation (ac phase control),
171156
Power factor, 52
synchoonogs goneraor, 323
syachronous motar, 360-363
Power limits, 327
Power out, 71
Power transformers, 67
Power transistor (FTR), 160
Power triangle, 51..53, 7007203
Power-factar carrection, 360-363
Power.flow diagram, 262
ac generwor, 262, 263, 280.281, 526
ac motor, 263, 526
single-phase induetion motor, 660
Preformed stator coils, 716, 717
Primay wanshing, GO
Prime mover
o generator, 593
synchronoes generaor, 304, 305
synchronous metor, 367
Prime-mover power limit, 331
Progressive lap winding, 493
Progressive rolor winding, 493
Progressive wave winding, 501
Progressive winding, 492
Protection circuit section, 38%
PTR. 160
Pubow torque
induction motor, 410413
synchironous motor, 351
Pulse circvits, 171177
Pulse syncheonization, 177
Puise.width modulation, 202
Pulse.width modulation (induction
motors b, 444447
Pulse.width modulation (PWM)
inverters, 200-209
Push bunton switches. 578, 5714
Pushover taqe, 4860, 46)
PWM drive (induction motors), 444.-447
PWM inveners, 202.200

Quadrature synchronous reactance, 731

Ratings
induction molor, 464466
synchronoss genersors, 326..336,
See nlio Syncheonous
ZEBETMOY rRENgs
syochronoss motoe, 372.373
transfarmer. 134—139
RCL, 261, 662
Resciance
divect synehzonous. 731
induction mwioes. 457, 458
keakage. 417
magnetizing, 389
quadcatic synchoonous, T3E
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rotor, 391
wuhiransient, 325
syncheonous, 276, 283, 286
transient, 325
Reactive power, 49
Reuctive power-voltage characteristic,
305-306
Reat powses, 48
Beat wransformes, 76-86
coaversion of, 1o ideal transfer, 85
coreJoss current, B3
cument raio/dot convention, 8485
excitation curtent, 83
bysteresis curve, 77
magnetization current, 8182
voltage rtio, 78.80
Rectifier circuits, 163-170
defined, {63
fibering rectifier output, 170. 171
full-wave rectifier, 167-168
half.wave rectifier, 163166
rectifier-inverter, 193
SCR, 155156
three.phase follwave rectifier,
1105-17%
haif-wave rectifier,
169170
Rectifier-inverar, 193-209. See alwo
Inverter
Referred resistance and reactuixe, 393
Beferring, 73
Regeneration, 584
Relative permaability, 10
Relaxation oscitlater. Y71-177
Reluctance, 12, 13
Reluctance motors, 665-666
Reductancs torgue, 663
Reluctance-type stepper motors, 673
Residual fux, 27
Resistive startr cirouit, 434, 435
Resistive starter cirenit (induction
motors), 434, 435
Retrogressive rotor winding, 493
Retrogressive winding, 492
Reverse-blocking diode-type
hyristor, 1354
Ripple factor, 163, 164-166
rms voltage {three-phase stator). 254
Rotating loop between curved poie
faces, 473485
Rotating magnetic feld, 238.246
electrical frequancy/spesd of rotatios,
242-244
MATLASB program, 245246
reversing direction, 244046
Rotating transformer, 386
Rotational Josses, 395
Rowtional motion, 3-5
Rowog, 231, 473
Rotor coils, 490492
Rotor capper loss {RCL), 261, 662
Rotor reactance, 381
Roror ship, 286
Rowor windings, 267, 492..493
Runaway, 556

Salient pole, 267, 521

Salient-pole machines, 247

Salient-pole rotor, 268, 269

Salieat-pole synchroncus genersior,
128-734

Salient.pole theory of synchronous
machines, 727-736

Satrated synchronous reactance, 286

Saturation curve, 21

Saturation region. 21

S0C, 284

SCL. 261
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Seote- T rooaection. 151, 132
SCR, 155136
SCR-besed controbier cirvein. Ser Solid.
state de nooter costrofler
SEY, 304
Secondury winding. 66
Self commutation inverters, 195
Self-equalizing winding, 301, 302
Sedfsturting reluctance moltor, 665, 666
Separarely excited & genenstor, 596.602
eguivaient cirowit, 547
nonlinesr analysiz, 598602
termizal characteristic, 396.597
temisal woRage, 597598
Separately excited do motors, 538539,
334, See alvo Shent de mowars
Sevies curvest (), 109
Series de genranon, SO8.61D
Series do motors, 562..564
diaadvantage 563
fhex, 36]
KVL equution, 367
speed control, 567
weminaf chsrncteristcs, 563567
torque, 562-563
torque-speed characteristic, 561.56%
Seried divertee resistor, 613, 614
Series voliage (Vg 19
Series winding. 109
Seriex (lap) winding, 493-497
Series (wave} windking, 4975
Serics-capaciior comututazion circail,
[83-191
Service fmcnar, 335
Shaded.pole motors, 652-655
Shading coil, 652
Shaft, 3
Shaft speed. 4
Shell-form sansforer, 67, 68, 98
Shortcireuit charcteristic (8CC), 284
Short.circuit protection, 433
Short-circudt ratio, 287
Shart.circuit et
synchronous generator, 234
treasformer, 91.92
Short.circuit tnigsients, 321-326
Sharting interiock, 142
Sharting rings, 380
Shext.abunt connection, 612
Shart-tcrm aperstion {syechronos
goeraor), 335
Shent dc generator, $03-608
analysis, 506..608
squivalent circuit, 603
K ¥ equation, 603
termunal choracteristic, H05-606
voltage buildup, 603-605
voltage controf, 606G
Shuat dc motors, 538-559
srmatire resistance speed coatrol,
552, 553
arrmulure voltage speed control,
SHE-552, 553,558
oguivalent circuir, 538
fieid resistance speed cootrol,
48858 553.558
itsenting resistor ia series with
s circait, 552, 553
KVL equation. 538
nonkinear analysis, 543547
open Deld cireui, 358..559
speed cortrof, $4T7-558
stubifipne thurt motor. 559
wrminat characteristic, 539543
trque-speed characteristic, 540
SEunits, 2 M. 117, See also Units of
measure

Sikicon coatrolled recti fer (SCR),
E35-156
Simpie ekectric cirenit, 1}
Simple loop in uniforns magnetic feld,
230.23
Simplex lap winding, 493
Simplex rolor winding, 492
Simplex wave winding, 500
Single-phass currant source inverter,
195. 1597
Single-phase induction molors, 637-665
air-gap power, 661662
cuapaciton-star motors., 649651
circuit model, 657665
wrons-fiedd theory, 643645
double-revolving-field theary.
5380642
wsgnetic Bekd, 658659
power-flow disgram, 660
oo ¢ Iosses, 662
shaded-pole motors, 652-653
speed control, 636.657
split-phase windings, 646648
starting, 846656
Singie-phese motors, 633
Singly excited. 388
Siz-pole do mator, 496
Skewed rotor conductors, 724, 725
Slip, 386
Slip rings, 268
$lip rings and brushes. 268
Slip speed, 336
Stipping poles, 351
Siot harmoeics, 722-724
Siot pitch. HE
Soft-stant induction motors, 423
Soft.stan loads, 438
Software program Ser MATLAR
Solid-state & motor controiler, 585-592
block disgrem, 538
b gh-pawer elecironics section, 590
tow.power electronics section,
390-592
protection circuit section, $89
stsrfstop cirouit section, S§9-59¢
two.quadrun vs, four-quadrant
controller, 585587
Sobd-stute induction moter drives,
44452
Sokd. stale vanabie-fre quency indyction
motor deive, 444, 445
Special-purpose trassformers, 68
Speed. Ser alse Torgue-speed
charwcteristic
ac minchines, 263264
bese, $38
cunetively compoundad de
maorar, 573
dc motoey, 334..535
induction motors, 434-444
series d¢ motors, 367
shunt de motors, 347558
single-phase induction motor,
656637
sysciwoaous genersior, 212, 327
syachroaous motors, 373
universal motors, 633
Speed drop (503, 304
Speed regulution (SR 263..264.
534.533
Speed regulation circwin. 390391
Spilit.plse mxror, 646..6048
Spring-type push button switches,
578, 579
Square-law-orgue conection, 438
SR, J63-26d, 534335
Stabilized shue motor, 559

Stankey, Witliam, 65
Seanting
dc mators, 573-582
induction motor, 430434
linear dc machine, 3739, 42.47
TAENETC MOIOF Starter Circudt.
432434
resistive starter circuit, 434, 43%
singhe-phase induction molor,
646058
synchronoys motar, 364..371
Starting codde jevters. 430, 434
Suating resisior. 379
Starting torgaw, 415
Stan/stop circwit section. 589..590
Static ac frequency coaversion, {93
Static stabifity limit, 282, 320
Stator, 231, 473, 716
Stater conl, V17
Stator copper foss (SCL. 26)
Stater windings, 267
Steady.state foalt corent, 324
Steady-wtatw pericd, 323
Steady-state synchronous motor
operation, 350..364
Step-down sutolransformer, 109, {10
Stepper maotor, §70-674
Stepeup avtotranxformes, 166, 110
Swray losses, 262, 525
Suhstation trarsformer, 67
Subtrassent current, 323
Subtransient period, 123
Subrrapsienl reactance, 325
Symmrtrical compoamnts, 325
Synchronous capacitons, 364
Synchronons condensars. 564
Synchronous genesator, 267-34%
brushless excitation, 268-271
capability curve, 329334
cutaway diagram. 271, 772
de power, 268
dynamic siability limit, 320
equivalend circuit, 174279
fauly, 321326
{frequency-power charactenistic,
304-30%

heating limit, 338

interml groerated voluge, 273

hagging power {actor, 289, 200

leading power factor, 290

foad changes, 289. 299

magnelization curve, Y13

modet paramewrs, 283288

OCC, 283..284

opep-circuit tast, 283

paralic! operstion, 299319, Ser alse
Paraltel operation of ac
gencratons

per-phase squivelent circwit, 278279

phasar diagraen, 279280

piot exciter. 271

power, 280283

power-flow disgram, 280281

ratings, 326-1336, Ser afse
Syachronous generator ratings

resctive power.voliage charscteristic,
M- 206

SCC. 284

shoyt-curcun ratio, 287

shert-circuiv sest, 184

shost-ircuit transionts, 321326

single punerutor operating alone,
288200

stip ringy and beushes, 268
speed of totation, 272
stntic stobility limit, 782
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.an
sysclronous reactance, 276, 283, 186
torgeae, 280283
traasiends, 319126
uRiHy power factoe, 289, 190
voltage, 773, 307
voRtage regulstion. 290-291
Synchronous generator cupebility curve,
%34
Syachronous generator mtiags, 326-.336
spparent power, 327
Freguency, 320317
Kikvoitunpenes, 327
power facior, 328
salient-pole theory, T27-736
service factor, 338
short-time operntion, 133
specd, 337
valtuge, 127
Synchronous genersior imanients.
350326
Synchwosous induction motar, 665
Synchronous machines, 230, See also
Synchronous genertor,
Syncheonous motor
Symchrosous mator, 346-379
amontiszeur windings, 367-371
basic principle of oporstion, 366
common application, 173
equivalent circuiy, 347
field current changes, 355-360
ingging power fuctor, 349, 383
leading power factor, 352, 362
load chapges, 381-35%
magpetic feld, 347_350
nzmeplate, 373
per-phase equivalent circuit. 38
power-[actor comection, 360363
pallous orque, 33
rxings, 372-37)
spoed of rotsiion, 373
spoed meing, 373
starting, 364-37(
sieady-staie opermion, 350..364
synchronous capacitar, 364
syachroacus generatcr, compmnd,
1m.372
torque-speed charactariseic curve,
350.354
underercitedioversacitod, 336..357
¥V curve, 356
voltage, 373
Syncheonous mowor ratings, 372373
Syncheonous motor ¥ curve, 356
Synchronous resctance. 276, 285
Synchroscope, 303304
Synchrospesd motor, 666, 667
Systéme Internedional (8D, 2, 34, 737,
See alro Units of messure

Tables of constunts, 737
Tap changing under josd (TCULI
transformer, 109
Taps, 108109
TCUL transformer, 309
Teaser transformer. 131
Tempmennre specifications, 259,
See also Insslution
Terrmingd characseristic
curmiiatively compounded do
generator, 6§ 261 3
definedt, 539
differeatinlly composnded de
generator, 517

separiely excind & pensrato
506597
series do geoermor, 600610
series do motor, 5363567
shunt de generstar, 605606
shunt de mator, 539543
Termimal woltsge...qeactive power
relationship. 305-306
Tertiaty winding. 66
Teska (973 10. 737
Tesha. Micola, 476
Theomal damage curve, 336
Thevenin inpedance, 307
Theveain resivtance and reactance., $08
Thevemn's theomm, 406
Thevenia's voltuge . 406.-4F7
Thompson, Efhe, 534
Theee-fight-bulk method, 302, 303
Theee-phase circuits. 681-.706
adveaages. 631
balanced three-phase systems,
A0
deftn (&) conmection, 685-689
goneration of voltages/curments,
63684
linefphase quantities, 685
one-line diagrams, 700
phise soquence, 684, 685
pewer relationships, 690-693
power triangles, 700-703
voltages/curments, 685680
Y coanection, 685638, 689
¥Y-A wansformation, 693, 695
Thwee-phase current source invener.
197-19%
Three-phase full-wave rectifier, 169-170
Thres-phase generator, 681, 682
Three-phase hulf.wave cectifier, 163169
Three-phase PWM inverter. 204
Thees.phase stator, 139
Three-phase stepper motor. 671
Three-phase T connection, 131, 133
Three. phase massformation (two
trmpsformernst. 126133
apen-3 conaection, 126129
open-wyeapen-celta connection,
130-134
Seoet-T connection, 131, 132
twoe-phase T connection. §31, 132
Three-phase transformer, §16-126
delta-delta conpection, 123
delte. wye connection., (21122
per-unit system of measurenent.
133124
types. LET
Y-8 connection, 120-121
Y-Y connection. 18-120
Tiewe.phaze voltage source inverter,
199-202
Theee-step resislive starter (induction
motor, 435
Theee-wire thyristor, §55-156
Thyristor
defined. 154
GTQ. 1587
three-wire, 155-157
twoawire, 154155
Time-delay refays. 434, 579, 530
Tooth hurmonics, T22-T24
Forgue, 4.5
w mackines, 237238, 255.258
current-carrying koop, 134238
& mmchines, 480.482, 516517
defined. &
developed. 398
unluction generator, 400, 461
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tnduction motor, 384-385, 398,
401413
puitous. Jee Puliout torque
poshaver, 460, 461
veal ac romchivees, 237238
reloctance, 663, 127
salient-pole machine, 734-738
starting, 408
synchronous generstors, 282-283
synchronous mor, 351
vrsils of mexsure, 8, 737
Torgue angle. 282, 283
Torgue-speed charpeteristic
CAPACHOT-RATE, CApacifon-run
mokenr, §53
capecitor-siart motor, 650
cumbatively compoundad de motor,
565570
differentiaily compounded de moter,
570511
hysteresis motor, 658, 660
induction machine, 461
indyction motor, 401-416
permanent pht-capacitor motor, 6352
self-starting reluctance motor, 657
series do motors, 363-368
shaded-pole motor, 654
shunt dc maotors, S40
single-phase induction motor, 639,
40, 642
spiit-phase motor, 647
synchronous motor, 350-351
three-phase induction maotor, H30)
vndversal motor, 636
Total excitation carment, 83
Transformer, 65-15]
apparere power rating, 138-199
anotransformer, $00-11 4. Ser alto
Autatransformer
core form, 67
cwrreet, 141-142
currens iorazh 139-140
defined, 65
dismibution, 67
efficiency, 102
equivalent circail, 86.94
freqaency raing, {34
idexl, 67-76. See alwo Ideal
trauns Former
importance, 56
instramens. 140-142
josses, HI2
mnin, 13
nameplate, 140, 141
open.circuit test, 90-91
par-unit sysiem of messurement, 94
phasor dingram, 100-10§
powential, 131
g, 66
ratings, }34.139
real, 76-36_ S also Read irarsformer
rofating, 386
shell form, 67, 68
short-cirenit test, 992
step-ap, 109, 110
substazion, 67
wps, {08109
TCLA., 108
teaser, 131
duee-phese, 116-126. See also Thiee-
phase transionmer
theee-phase transdormation (wo
transfermers), 1264133 See ol
Three-phase transformation (two
trars formers }
et 67

vodtage rting. 134
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Transformer—Com,
voltage regulation, 100-HM
‘Fransformer action, 8§

Transformer mode! of induction motor.

389390

Transformer namepiate, 140, 141
Transformer open-circuit test, 90-91
Transformer phasor disgram, 100101
Fransformer ratings, §34.139
Transformer short-circuit test, $E-92
Transformer taps, 108-109
Trunsient current, 34
Transient period, 323
Transiett renctance, 325
Transistor

IGRT, 161-1&2

PTR, {60
TRIAL, 158159
Trigger dicde, 154
Trigopometnic idenlities, 684, §90
‘ripien harmonice, 714
Friplex winding, 493
Turns ratio, &9
Two-layer windings, 451
Two-pole lap.wound de machine, 494
Two-pole syachronous motor, 347
Two.guadtan solid-state de motor

controller, 585

Two-vahee capacitor motors, 650
‘Fwowiee thyristor, 154155

Undercompounded, 613
Undervolinge protection, 434
Underveitage trip, 589
Uniformiy graded (eccentric) poles,
520, 521
Lnit wansformer, 67
Units of measure
angular acoeleration, 4
angular velocity, 34
appareat power, 50
conversion fectoes, 737
electrical quantities, 54
English guits, 2, 53
flaz linkage, 3}
magnetic feld density, 10
magnetic Bux density, 16
magetomotive foree, 1)
permeability. 10
powet, 7
reactive power, 49
real power, 48
5% pnits, 2, 34
table of constamts. 737
torque, 3
work, 7

Unity power factor, 329, 2%

Universst motos, 634636

Unsanrsed region, 21

Unsaturated synchronoss reactance, 286

Voo 153
¥e. 109
Vi (10
v, lio
Ve, 109
¥ curve
synchronous capacitor, 364
synchronous motor. 356
Variable.ftequency cycloconverter, 209
Variable-line.voltage spred control
(induction motar), 443
Vatiablevoltage sutotransformer, 115
Voitage
ac machines, 733, 250-255
¢ phase control, 177186
armatune maction, 276
coil on two-pole stator, 250-253
comumon, 104
conductor moving in magnetic Geld,
34-35
cunbatively compounded de
generator. 611, 614
de machines, 475480, 514-516
& connection, 688689
differentially cormpounded dc
generator, 617
distributed windings. 721722
fractionsl-pitch coil, 709712
induction molor, 443, 465-466
K¥L. Ser Kirchhoff s voltage law
PEv. 154
reactive-power-voltage characteristic,
305.306
real ac machines, 233
s voltage (three.phase stwer), 254
separately excited de generator,
491598
series, 109
shunt do geagrator, 603-603, 606
simple rofating loop, 231-233
synchronous generator, 273, 127
synchronots motor. 373
Thevenin, 406407
thiree.phase circoit, 685..689
thiee-phase set of coils, 253
transformers, 134
Y connection, 685..688
Voltage buildup (shunt gensrator),
603605
Voliage divider rule, 406
Vohage retio across o transformer, 78-80

Yoltage regulation {YR)
ac machines, 267-263
fisllJoad, 100
synchronous generators, 290-291
wansformers, 108
Voltage mpelae, 109
Yoltage source inverier (VSE, 195, 196,
199..202
VR, See Voltage regulaion (VR)
YSI, 195, 196, 199202
V-V conneciion, 126129

Ward-{eonard systern, 583.585
Wan (W), 737
Wave winding, 497501
Weber (Wb}, 737
Windage losses, 262, 525
Winding
ac machines, 250, 238.260
amortissevr, 367371
armyature, 267, 492493
chorded, 491, 09
common, 109
compensaiary, S12-513
damper, 367371
distributed, 716-728
double-layer, 491, 718
equalizing, 494, 496, 498
Field, 267
Fractional-pitch, 249, 712-716
frog.leg, 501.502
tap, 493497
oiltipte stator, 438
primay. 66
progmessive, 493
retrogressive, 492
totor, 492493
seconday, 66
senies, 109
tertiery, &6
rwo-layer, 421, 713
wave, 497501
Winding factor, 721
Winding inslation, 258..260
Work, 7
Wound rotor, 382, 333
Wound-rotor induction metor, 382.384
Wye (V) connection, 685658, 680
Wye-delta (Y-4) connection, 120121
Wye.wye (Y. Y} connection, 118120

Y connection, 585.688, 689
Y-4 consaction. 120-121
Y- reansformation, 693, 695
Yoke, 519, 521

Y-¥ connection, 118-120
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