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Absolute overlap ratio, 420
Absorptivity, 466, 468
AC-to-DC rectification, 404
Admittance, 389
Ageing

electrical, 444

thermal, 443
Ageing of insulation, 442
Aho, T., 147
Air gap, 15, 159, 164, 297, 430

length

equivalent air-gap, 476
length, 474, 476
effective air-gap, 169

Air-gap diameter, 301
Air-gap flux, 16, 225
Air-gap flux density, 91, 282
Air-gap flux distribution, 145
Air-gap flux linkage, 360
Air-cooled machine, 295

19:52

AINiCo magnet, 200, 201. See also

permanent magnet
Amide-imide, 435
Amorphousity, 435
Ampere’s law, 3, 5, 58, 153, 156,
205, 256, 366, 367
Anisotropic, 6, 190, 202
Anisotropy, 204
Aplac (circuit analysis), 488
Apparent power, 281, 285,
418
Aramid fibre, 434
Aramid paper, 431
Arkkio’s method, 34
Armature current, 287, 308, 404
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Armature reaction, 47, 145, 153, 166, 298,
303, 358, 371, 409. See also armature
current linkage

Armature yoke, 15

Arrhenius equation, 443

Asynchronous generator, 352

Asynchronous machine, 170, 177, 283, 358

Auinger, H., 351

Balancing connector, 140. See also equalizer
bar
Barkhausen jump, 185. See also magnetic
material
Barkhausen noise, 185. See also magnetic
material
Base value, 40
Becker, K. M., 474
BH curve, 16, 159, 175, 186
Black body, 467
Bloch wall, 183
Boundary layer, 470
concentration, 470
thermal, 470, 472
velocity, 470, 472
Braided conductor, 151
Breakdown strength, 444
Breakdown voltage, 429, 440
Breakthrough field strength, 440
Brush, 48, 128, 137, 394, 404, 409, 459
Brush rocker, 412
Brushless synchronous generator, 396

Capacitance, 357
electric, 477
of insulation, 443
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Capacitive load, 373 Corona protection, 447
Capacitor, 370, 451 Couette Reynolds number, 461
Carter factor, 160, 369 Coulomb’s condition, 9
Carter, EW., 160 Coulomb’s Virtual Work method, 32
Characteristic length of surface, 471 Counterrotating field, 362, 386, 387
Circulating current, 261 Creepage current, 430, 432, 444
Clearance in air, 429 Creepage distance, 430, 444, 449
Coenergy, 29, 31,416 Critical angular speed, 296
Coercive force, 5, 202 Critical conductor height, 266
Coercivity, 187, 189, 200 Cross-linking agent, 436
Coil, 50, 370, 382 Crystallinity, 435
Coil group, 50, 109 Curie temperature, 204
Coil span, 54, 73, 229, 247, 405 Current density, 1, 256, 271, 293, 308, 412,
average, 256 465
Coil turn, 306 armature linear, 145
Commutating pole, 146, 283, 405, 446 linear, 316, 388
Commutation, 411, 413 linear, 23, 143, 293, 326
Commutation period, 411 Current linkage, 5, 153, 158, 180, 209
Commutator, 394, 404, 405 armature, 47, 145, 409
Commutator machine, 47, 122, 127, 193 asynchronous machine, 315
Comparative Tracking Index (CTI), 430 cage winding, 320
Condition monitoring, 449 commutator armature, 144
Conductance commutator winding, 142
electric, 476 cosinusoidal distribution, 52
thermal, 476, 479 direct component, 144
Conduction, 462, 463 harmonic stator, 366
Conductivity, 6, 255, 429 pole winding, 312
electric, 465 quadrature component, 144
thermal, 463, 471, 477, 480 rotor bar, 325
Conductor height, 258, 262 salient-pole winding, 51
critical, 265 sinusoidal, 301
reduced, 259, 264 slot winding, 81
Conductor transposition, 266 stator, 360
Conservation of charge, 2 symmetrical three-phase, 359
Contact heat transfer coefficient, 475 three-phase winding, 58
Continuous running duty, 346 Current linkage harmonic, 315
Continuous-operation periodic duty, 347 Current ripple, 425
with electric braking, 348
with related load/speed changes, 348 Dacron®, 431
Convection, 462, 470 Damper bar, 362
heat transfer coefficient, 471 Damping, 361
Coolant, 487 Davidson, R., 414
flow rate, 495 DC link, 426
Cooling, 189, 282, 462 DC machine, 15, 156, 283
open-circuit, 492 Demagnetization curve, 207

Cooling flow rate, 495 Density, 464



JWBK312-Pyrhonen

November 24, 2008 19:52

Index

Printer Name: Yet to Come

505

Depth of penetration, 258

Dielectric loss, 450

Dielectric loss factor, 450

Dielectric strength, 429, 432, 440

Diolen®, 431

Dip and bake method, 447

Direct-on-line (DOL), 400

Dirichlet’s boundary condition, 11, 12, 21

Displacement current, 5

Dissipation power, 47, 194, 312

Distribution factor, 66, 90

Double-salient reluctance machine, 50, 157,
291,413, 414

Double-salient reluctance motor, 420

Drain, 6

Duty cycle, 281, 347

Duty type, 346

Eddy current, 3, 10, 147, 187, 275,
362
Effective torque zone, 420
Efficiency, 307, 312, 343, 421, 427
of totally enclosed four-pole induction
motors, 352
Efficiency class, 352
Electric capacitance, 477
Electric charge, 10, 477
Electric charge density, 1
Electric field density, 438
Electrical stress, 440
Electromotive force (emf), 16, 43, 63, 153,
250, 285, 302, 322, 377
stator, 376
Emissivity, 468
relative, 467
EN 10106, standard, 192
Enclosure class, 281, 343, 346
Energy conversion, 225
Energy conversion loop, 418
Energy conversion ratio, 419
Energy density, 28, 185
Energy product, 202, 204, 205
Epoxy resin, 437, 448
Equalizer bar, 140. See also balancing
connector
Equivalent air-gap length, 476

Equivalent circuit, 363
of a three-phase asynchronous motor, 335
of a conductor, 274
of a slot, 275
of a synchronous machine, 363
of an asynchronous machine, 327
of an end winding, 486
of an insulation construction, 451
of capacitor motor main and auxiliary
windings, 356
of transients, 364
thermal, 476
Ester-imide, 435
Euler’s number, 326. See also Napier’s
constant
Excitation, 394
brushless, 395

Fanning friction coefficient, 472
Faraday’s induction law, 3, 63, 168, 230,
257, 303. See also induction law
FEP fluoropolymer, 436
Ferraris rotor, 147
Ferrite magnet, 201. See also permanent
magnet
Ferromagnetic metal, 187
Fibre insulator, 454
Field
electric, 1, 3, 429
magnetic, 1, 47, 226
Field diagram, 24, 161, 165
orthogonal, 18, 19, 20, 21, 164, 171, 427
Field Effect Transistor (FET), 423
Field strength, 309, 310, 311, 366
air-gap, 317
effective, 441
electric, 1, 10, 432, 438
magnetic, 1, 3, 153, 256, 286
tangential, 367
Field winding current, 370, 394
Finite Element Analysis (FEA), 365
Flange mounting, 343
Fluoropolymer, 436
Flux
electric, 3
magnetic, 3, 154, 421
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Flux barrier, 401
Flux density, 15, 163, 283, 294
air-gap, 302
air-gap magnetic, 51
apparent, 174
electric, 1, 6
magnetic, 1, 153, 159, 165, 275, 318, 360
remanence, 187
saturation, 187
Flux density distribution, 63
sinusoidal, 301
Flux diagram, 18, 158
Flux guide, 401
Flux leakage, 225, 361
air-gap, 229, 230
Flux linkage, 4, 168
air-gap, 169, 225, 285, 303
Flux tube, 17
Fourier’s law, 463
Friction coefficient, 472
Fundamental component
of stator current linkage, 367
Fundamental harmonic
of linear current density, 316
Fundamental wave, 315

Galvanic contact, 431
Gardiner, S., 474
Gauss’s law, 3, 7
Generator

asynchronous machine, 351
Generator logic, 43, 376, 382
Geometrical factor, 474
Gliding discharge voltage limit, 444
Goss texture, 191

Haataja, J., 352
Haefely Trench Tettex partial discharge
measurement unit, 452
Hamata, V., 163
Hard chopping, 425
Harmonic factor, 389, 390
Heat
capacity, 477
contact heat transfer coefficient, 475

diffusion, 457
flow, 483
flow density, 467, 472, 476
flow rate, 463
heat-flow-controlled temperature source,
488, 490, 491
quantity of heat, 476
specific heat capacity, 471, 477
transfer, 457
transfer area, 463
transfer coefficient, 468, 472, 474
transfer properties, 464
Heck, C., 189
Heikkila, T., 399
Heller, B., 163
Hot pre-wedging, 448
Hot-spot allowance, 442
Huppunen, J., 147
Hysteresis loop, 189

IC class, 346

IEC 600112, 430

IEC 60034, 441

IEC 60034-1, 315, 432

IEC 60034-4, 383

IEC 60034-5, 346

IEC 60034-6, 346

IEC 60034-7, 343

IEC 60034-8, 343

IEC 60050-411, 47

IEC 60085, 432

IEC code, 344

Impedance, 366
AC, 271,272
cage winding, 320
characteristic, 453
measuring, 451
negative-sequence, 353
phase, 321, 322
positive-sequence, 353
rated, 40
rotor, 320, 368
synchronous, 385

Impregnating resin, 431, 439

Impregnating varnish, 431, 436, 437
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Impulse voltage, 442 Insulation coordination, 430
Inception voltage, 440 Insulation distance, 429
Indifference point, 24 Insulation resistance, 449
Inductance, 4, 168, 278. See also leakage Insulator, 429
inductance Intermittent periodic duty, 347
air-gap, 230 with electric braking, 347
direct-axis subtransient, 365 with starting, 347
direct-axis synchronous, 360, 397 IP class, 462
direct-axis transient, 364 Isotropic, 6, 202
leakage, 216, 227, 359
magnetizing, 154, 221, 252, 285, 387 Kapton polyimide, 435
mutual, 36, 217, 226 Kapton®, 431
phase, 321 Kaye, J., 474
qudrature-axis subtransient, 365 Key fitting, 220
saturating reluctance machine, 417 Key-closed slot, 446
self-inductance, 36, 216, 226 Kirchhoff’s 1% law, 321
skew, 252 Kiipfmiiller, K., 259
stator, 359 Kurronen, P., 399
stator magnetizing, 336
subtransient, 362 Law of energy conversion, 26
synchronous, 361 Lawrenson, P.J., 291
transient, 225, 363 Leakage factor, 207, 232, 233, 389, 390
winding, 226 Leakage flux, 225, 227, 256
Inductance ratio, 400, 402 end winding, 227
Induction law, 3. See also Faraday’s pole, 227
induction law slot, 225, 227
Induction motor, 15, 288, 302 tooth tip, 227
Inductive load, 373 Leakage inductance, 267, 322, 349. See also
Insulated-Gate Bipolar (IGB) transistor, inductance
423 air-gap, 230
Insulating film, 432 end winding, 230, 246
Insulating foil, 433 skew, 230
Insulating material, 429 slot, 230, 234, 247
Insulating resin, 429 tooth tip, 230, 245
Insulating strength, 429 Lenz’s law, 276
Insulating varnish, 439 Levi, E., 249
Insulation, 429, 457 Lindstrom-Dahlander connection,
conductor, 431, 435 126
groundwall, 431 Linear polymer, 436
lifetime, 458 Liner
phase coil, 434 slot insulation, 445
phase-to-phase, 431 Lipo, T. A., 259, 460
pole winding, 431 Litz wire, 266
slot, 431, 434 Load angle, 402, 403

Insulation capacity, 449 Load angle equation, 375
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Loadability, 426
electrical, 293
magnetic, 294
mechanical, 291
Lorentz force, 1, 320, 405, 441
Lorentz force equation, 318
Lorentz law, 68
Loss
additional, 458, 460
bearing, 460, 462
copper, 458
dielectric, 430, 432, 449, 451
eddy current, 193, 197, 261, 297
electromagnetic, 460
end winding, 426
friction, 313, 327, 328, 346, 461, 476, 488
hysteresis, 193, 194, 423
iron, 192, 294, 307, 311, 327, 401, 458,
476
mechanical, 458, 460
resistive, 255, 293, 308, 313, 327, 343,
354, 458, 476, 479, 486
surface, 199
ventilator, 462
windage, 313, 328, 461, 462, 476
Loss angle, 451

Magnetic circuit, 153, 226, 283, 312, 327,
358, 375, 404, 430

Magnetic energy, 185, 194, 235
Magnetic equipotential surface, 18
Magnetic force, 28
Magnetic material, 183
Magnetic potential difference, 154, 305
Magnetic voltage, 156, 250, 309, 311
Magnetizing, 312
Magnetizing current method, 34
Magnetizing inductance, 349

direct, 359

quadrature, 359
Magnetomotive force (mmf), 159
Main dimension, 282, 302
Mass density of fluid, 474
Mass flow rate, 472
Mass transfer coefficient, 471
Matsch, L. D., 355

Maxwell
displacement current, 5
equation, 1, 2
stress tensor, 33
Maxwell, J. C., 5
Mechanical strength
insulation, 431
Mechanical stress, 291, 440
Mica, 429, 431
Mica insulator, 433
Mica paper, 432
Mica tape, 448
Miller, T. J. E., 472
Monomer, 436
Moody diagram, 472
Moody friction factor, 472
Moody, L. E,, 472
Morgan, J. D., 355
Motor logic, 43, 376, 379
Motor supply cable, 453
Mpylar polyester, 434
Mylar®, 431

Napier’s constant, 326. See also Euler’s
number

NdFeB magnet, 399. See also permanent
magnet

Neodymium iron boron magnet, 397. See
also NdFeB magnet, permanent
magnet

Neodymium magnet, 202. See also
permanent magnet

Nerg, J., 33

Neumann’s boundary condition, 11, 12

Newton’s law of cooling, 472

Niemeld, M., 349

No-load curve, 384

Nomex®, 434

Nonsalient pole machine, 15, 169, 358, 362

Nonsalient pole synchronous machine, 159,
283,308

Normal system, 97

Nusselt number, 471, 474

Ohm’s law, 255
Open-circuit cooling, 488, 492
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Overexcitation, 370
Overhang, 445

Partial discharge, 429, 443, 447, 450
Partial discharge measurement, 451, 452
Partial discharge strength, 431
Paschen curve, 429, 430
Paschen law, 429
Per unit value, 40
Permanent magnet, 153, 183, 200, 285,
312, 358
Permanent magnet excitation, 395
Permanent magnet machine, 154, 395, 397
Permanent magnet synchronous generator,
302
Permanent magnet synchronous machine,
303
Permanent magnet synchronous machine
(PMSM), 358
Permeability, 6, 191, 235, 256
Permeance, 4, 18, 161, 166
magnetic, 38, 235
magnetic circuit, 336
mutual, 37
Permeance factor, 235, 369, 392
slot, 237, 238
Permeance harmonics, 193
Permittivity, 6, 429
Phase voltage, 360
Phasor diagram, 372
current, 321
of a nonsalient pole synchronous
generator, 378
of a nonsalient pole synchronous motor,
380
of a steady-state short-circuit nonsalient
pole generator, 385
of a steady-state, salient-pole generator,
374
of a synchronous generator, 378
of a synchronous reluctance machine, 402
of currents in a conductor, 271
of subconductor currents, 279
Phasor diagram of a capacitor
of a capacitor motor, 357
Pitch factor, 66, 90, 322

Poisson’s ratio, 291
Polarization, 10
Polarization curve, 207
Pole body, 15, 50, 164, 177
Pole shoe, 15, 165, 199, 362, 380, 388, 404
Pole-Amplitude-Modulation (PAM), 127
Polyamide-imide, 435
Polyester film, 431, 434
Polyester resin, 431, 437
Polyether-etherketone (PEEK), 436
Polyethyleneterephthalate (PETP), 434
Polyimide film, 431, 434
Poly-phase induction machine, 155
Position sensorless control, 425
Power balance
of an induction motor, 458
Power factor, 281, 283, 287, 302, 307, 350,
402
of totally enclosed induction motors, 351
synchronous reluctance machine, 403
Poynting’s vector, 369
Prandtl number, 471
Protective paint, 431
PTFE fluoropolymer, 436
Pull-out torque, 348

Radial flux electrical machine, 473
Radiation, 462, 466
electromagnetic, 466
heat transfer coefficient, 469
Rao, K., 474
Rated output power, 313
Reactance, 41, 226
magnetizing, 42, 353, 361
RECo magnet, 202. See also permanent
magnet
Reduced contactor height, 258
Reduced system, 97
Reflection factor, 454
Reflectivity, 466
Relative value, 41
Reluctance, 4, 154, 304
Reluctivity, 11
Remanence, 352
Remanence flux density, 154
Resin Rich (RR) method, 448
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Resistance, 25, 255, 321, 322
AC, 259, 458
DC, 259, 333, 460
DC, field winding, 365
electric, 476
junction thermal resistance, 475
phase, 323
thermal, 477
thermal resistance of convection, 472
thermal resistance of radiation, 468
winding, 458
Resistance factor, 259, 260, 264
Resistivity, 188, 197, 269, 464
Reynolds number, 471
critical, 471
tip, 462
Richter, R., 199, 237, 238, 259, 370
RMS value, 283, 285, 303
Roebel bar, 151, 266, 267
Rotating-field machine, 182
Rotor bar, 334
Rotor field winding current, 358
Rotor stack, 475
Rotor teeth, 181, 304
Rotor yoke, 15, 154, 177, 181, 283, 311

Saari, J., 461

Saber (circuit analysis), 488

Sabersky, R., 474

Saliency, 154, 387

Salient-pole machine, 14, 358, 362

Salient-pole synchronous machine, 156,
283, 359

Salminen, P., 399

Sankey diagram, 459

Sastri, V., 474

Saturation, 147, 179, 238, 304, 416,
427

Saturation factor, 305

Saturation magnetization, 185

Saturation polarization, 185

Schering bridge, 451

Schuisky, W., 387, 389, 462

Shaded-pole motor, 358

Shearing stress, 441

Short-time duty, 347

Short-circuit ring, 220, 249, 322, 323, 358,
362, 461
Short pitching, 73
Silicone resin, 431
Skewing, 220, 228, 339, 362
Skewing factor, 66, 250, 322
Skin effect, 3, 151, 225, 256, 266, 267, 271,
334
stator winding, 287
Skin effect factor, 458
Slip, 147, 193, 243, 322, 328, 386
fundamental, 368
Slip ring, 48, 147, 394
Slip-ring machine, 329
Slot, 237, 334, 404, 479
Slot angle, 53, 250
Slot closer, 431
Slot filling, 448
Slot key, 445
Slot number
cage winding, 340
Slot pitch, 53, 158, 252, 285, 302, 377
rotor, 362
stator, 340
Slot separator, 445
Solid rotor, 295, 298
Solid-rotor construction, 366
Solution of a thermal equivalent circuit,
493
nodal point method, 493
Solvent, 436
Source, 6
Source current, 10
Space factor, 308
Sparking, 444
Specific heat capacity, 464
Spice (circuit analysis), 488
Squirrel cage induction motor, 323,
475
Squirrel cage rotor, 48
Stack, 219. See also stator stack
Stamping, 348
Stator slot, 158, 164, 282, 447
Stator slot insulation, 445
Stator stack, 250, 256, 282, 447, 475
Stator teeth, 181, 309
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Stator yoke, 154, 177, 181, 283, 309, 311,
489
Stefan-Boltzmann constant, 467
Stefan-Boltzmann equation, 467
Stoke’s theorem, 12
Stoll, R., 259
Stress tensor, 33
Stroke angle, 420
Subconductor, 259, 260, 261
Surahammars Bruk, 192, 195
Surge (impulse) wave, 453
Surge comparison testing, 449
Switched reluctance (SR) machine, 15
Switched reluctance machine (SR machine),
414, 415
Switching overvoltage, 441
Symmetry condition, 99
Synchronous inductance
direct-axis, 363. See also Inductance
quadrature-axis, 363. See also
Inductance
Synchronous machine, 15, 358
permanent magnet, 358
separately excited, 358
Synchronous reluctance machine, 154,
155
Synchronous reluctance machine (SyRM),
358, 400

Tangential stress, 23, 33, 283, 284, 301.
See also Maxwell

tand curve, 450

tand measurement, 442, 449, 451

tand measurement circuit, 451

tand value, 450

Taylor number, 474

modified, 474

Taylor vortex flow, 474. See also
Taylor-Couette flow

Taylor-Couette flow, 474

Teeth, 128, 486

Teflon, 436

Temperature gradient, 463

Temperature index, 442

Temperature rise, 291, 312, 320, 347, 442,
457, 481

Temperature rise allowance, 442
Tensile strength, 440
Terminal voltage, 330, 352, 377
fundamental, 303
stator, 376
Terylene®, 431
Thermal class, 442, 458
Thermal conductivity, 463
Thermal equilibrium, 348
Thermal equivalent circuit
of a winding, 479
of an electrical machine, 479
solution of, 493
Thermal network, 488
of coolant flow, 490
Thermal resistance, 282, 293, 431, 434, 442,
443, 465
of convection, 472
of junction, 475
of radiation, 468
per unit length, 477
Thermal stress, 440, 443
Thermoplastic, 431, 435
Time constant, 365
Time-harmonic field strength vector
amplitude, 367
Tooth, 15, 173, 283
Torque, 1, 30, 34, 50, 157, 284, 301, 312,
319, 476
asynchronous, 387
braking, 399
cogging, 399
drag, 461
electromagnetic, 329, 416
pull-out, 330, 399, 402
reluctance, 361, 376
SR machine, 415
starting, 147, 331, 386, 388, 391
synchronous, 338
Torque coefficient, 461
Torque production, 34, 147, 156, 171, 284,
303, 402. See also torque.
asynchronous machine, 315
Torque ripple, 425
Totally enclosed fan-cooled induction motor
(TEFC), 491
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Track resistance, 430, 438
Transmissivity, 466
Trickle Impregnation, 447

Underexcitation, 370

V curve, 394
Vacuum Pressure Impregnation (VPI), 440,
447
Varnish
alkyd-based, 437
oil-based, 436
polyester, 437
polyester-based, 437
surface, 438
Ventilating duct, 171, 172
Virtual work, 25, 159
Viscosity
dynamic, 461, 471
kinematic, 471
Vogt, K., 259
Voltage phasor diagram, 63, 80
Voltage strength, 430, 431, 444, 449

Weibull exponential distribution, 444
Weiss domain, 183
White body, 467
Wiart, A., 296
winding
random-wound, 446
Winding
armature, 47, 127, 153, 273, 302, 309,
362, 396, 404, 405
base, 102, 182
cage, 148, 232, 308, 309, 321, 362, 369,
386
cage, asymmetric, 388
chorded. See also short-pitch winding
coil, 228
commutating, 47
commutating pole, 404, 410
commutator, 48, 122, 128, 129
compensating, 47, 145, 405, 409, 410
concentrated, 446
concentrated pole, 14
concentric, 54, 92

Dahlander, 127
damper, 150, 362, 366, 386
diamond, 54, 71, 73, 92. See also lap
winding
double-layer, 98, 137, 239
double-layer fractional slot, 106
drum armature, 137
end, 228, 264, 486
excitation, 312
field, 14, 47, 153, 396, 404, 405, 446
fractional slot, 55, 72, 92, 93, 182, 393
frog-leg, 138
full-pitch, 66, 73, 74, 228, 338, 405
integral slot, 55, 72, 93, 182
integral slot stator, 340
lap, 129, 131, 132, 136. See also diamond
winding
magnetizing, 15, 23, 47, 153, 170, 308,
343
phase, 48, 54, 285, 303, 306, 360
pole, 446
poly-phase, 84, 154, 301
poly-phase slot, 54
rotating-field, 47
rotor, 248
salient-pole, 48
short-pitch. See also chorded winding
short-pitched double-layer, 338
shunt, 404
single-layer, 98
single-layer fractional slot, 106
single-layer stator, 71
slot, 48, 179, 228, 255, 301, 308, 366
stator, 154, 232, 248, 353, 360, 366, 421,
486
two-plane, 53
wave, 137. See also commutator winding
Winding current, 10, 226
Winding factor, 4, 63, 77, 301, 302, 389
distribution, 61
of a salient-pole field winding, 366
‘Wound rotor, 48

Yoke, 404

Zones of windings, 98



