Index

Accelerating power 304, 441
Acidic environment 395
Active power 4,5
Admittance relay 320
Air gap
Flux 62
Voltage 62, 103
Alarms and indication
for variable speed drive system 433
Aluminium, in cables as conductors 184, 192
Ambient temperature, see temperature
Ampere-turns 67, 324
Arcing time 174
Armature reaction, and time constant 62, 65,
489, 493
Asymptotic current, of mold case circuit
breakers 450
Asymptotic current, of overcurrent relays 318
Asymptotic value, of a fuse operating current
177, 450
Atmospheric
Pressure 24
Temperature 24, 27
Automatic voltage regulation and regulators
Automatic voltage regulators 83, 89, 97, 275,
324, 332, 335, 444, 540
Effect on over current protection 315
Effect on short circuit current 150
Type 1 and type 2 89
Auto-synchronising main generators 447

Back pressure 26
Balanced loads 145
Balanced three-phase circuits 479
Barrier glands for cable 259
Batteries
Ambient temperature 456
Ampere-hour capacity 455
Boost charging 454
Charging 453

Constant current charging 453
Constant voltage charging 453
Float charging 454
Lead acid 455
Maintenance free 456
Nickel cadmium 455
Sealed type 456
Battery charger 451
Base MVA 279
Base MVA rating 271
Bi-polar power transistors 402
Black starting 3
Block diagram 89
Bonding conductors 354, 356, 371
Bridges
Diode 402
Smoothing in 413
6-pulse rectifier 413, 417
12-pulse rectifier 417
Bridge-connected thyristor inverter 392
Buried conductors, shapes of 369
Busbars
Clean earth 372
Copper and aluminium 144
Earthing 146
Neutral 146
Noise pick-up from earthing 382
Voltage 444

Cables 183
Acid gas 245
Aluminium wire armour 198
Charging current 357
Copolymer 188
Cross-linking 189
Cross-sectional area of conductors 198
Derating factors for ambient temperature
202
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Cables (Continued)
Derating factors for ground temperature
204
Directly buried 124, 199
Ducts, trenches and direct burial 206
Elastomer 187
Emission of toxic gases and smoke 244,
245, 246
Fire resistance 245
Galvanised steel wire 198
Halogen gas 245
Heavy-duty polymeric sheathing 198
Hydrochloric and hydrofluoric acid 245
Insulating compounds 196, Appendix A
Laid in trefoil 206
Laid in underground ducts 199
Low smoke zero halogen 246
Metallic materials used in 183
Motor feeder 123
Multi-core 372
Phosphor bronze wire braid 198
Plain feeder 12, 332, 346
Racks 124
Reduced flame propagation 244
Resin and resin polymers 188
Sizing tables 222
Stranding of wires in conductors 193
Thermoplastic 187
Thermosets 187
Tinned copper wire braid 198
Trenches 124
Cable construction
Armouring 192, 198
Conductor 192
Extruded polymer sheathing 197
Inner sheathing 192
Insulation 192
Outer sheathing 192
Semiconductor screens 192, 196, 197
Cascaded devices 451
Capacitance charging current of cables 72,
340
Cathodic protection 467
Anodes 467
Hazardous areas 460, 467
Impressed current 467
Off-shore structures 467
On-shore structures 467
Ceiling voltage of the exciter 88, 318
Certification of hazardous area equipment 265

Circuit breakers 154
Four-pole for hazardous area supplies 365,
460
Air-break 146
Comparison with fuses 162
Miniature 233
Molded case 154
Sulphur hexafluoride 146, 147
Vacuum 146, 147
Clearance time 178
For circuit breakers 277
Of fault current 532
Total, for switchgear 225
Closed-loop,
Control of the rectifier 389, 391, 392, 399,
539
Closed-loop,
Transfer function 43
Coefficients
Even 415
Even harmonics 431
Odd 413
Odd harmonics 431
Triplen 413
Combustion temperature 11
Commutation 385, 388, 402
Angle 402, 409, 414, 421, 423
Reactance 407
Notches 406
Model operation 403, 405
Mode 2 operation 404, 405
Mode 3 operation 405
Commutator 490
Components, two-axis 68
Compression ratio 29
Compressors 108, 385, 386, 391, 402
Variable speed drives for 433, 495
Concrete buildings 356
Condition monitoring of gas turbines 435
Conductivity of soil and ground materials 355
Contactors, coordination of 154, 155, 159,
167, 343, 344
Contingency, typical for future load growth
199
Control and indication for switchgear 158
Control gear 143
Cooling
CACA and CACW 80
Fans 80
Forced air for transformers 145
Heat exchangers 80
ONAF 12



ONAN 12
TEFC 80
Water 121, 139
Coordination, of contactors and fuses 155
Coordination, see also contactors
Complete for molded case circuit breakers
167, 450
Of cascaded devices 451
Of fuses and molded case circuit breakers
450
Poor 451
Underfrequency relays 540, 543
Copper
Annealed 184
Hard-drawn 184
In cables as conductors 192, 193
Copper and copper alloy 63

Copper, bonding conductors for earthing 354

Corner mesh voltage 369
Corner step voltage 369
Coupling, loose and tight 303, 306
Crushed rock used in earthing systems 367
Cubicle
Type of switchgear 147, 371
Earthing of 382
Current
Asymmetrical 174
Charging of capacitance in long feeder
cables 72, 340, 357
Constant, in inverters 423
Decrement of short circuit 277, 492
Derated for cables 243
Doubling 274, 283
Full-load 230
Fundamental 142
Fundamental instantaneous 409
Harmonic and stray, in generator neutral
circuit 324
High-set 329
High starting 336
Instantaneous 142
Inrush, of motors 340
Inrush, of transformers 141
Negative phase sequence 322, 339
Noise pick-up 373
Noise pick-up in earthing busbars 382
Nominal, of relays 348
Overloading 242
Peak short-circuit 145
Plug setting 348
Positive sequence 339
Rated, of cables 199

INDEX 609

Root mean square 409
Short circuit withstand 473
Stalling, of induction motors 341
Stray 372
Sub-transient fault 151
Symmetrical 174
Threshold, for molded case circuit breakers
164
Through-fault 329
Transformer 311
Transformer, core-balance 333, 340, 343,
345
Transformers, star/delta interposing 322
Transient fault 151
Unbalanced 142
Zeros and crossing points 79, 274, 502
Current contribution
Sub-transient fault 151
Transient fault 151
Current rating
Busbar normal 8
Fault 8
Cylindrical rotor construction 61

Damper bars 63, 68
Damper windings 480, 490
Damping 84
Damping characteristics 304
Damping feedback 88, 539
DC off-set current 151, 293, 492, 502
DC off-set of fault current 149
DC link capacitor 398, 422
DC link inductor 398, 422
DC motors 385, 394, 401, 407
Deceleration factor 118
Decrement of fault currents 300, 315
Deep-bar effect, and factor 101, 102, 400,
480, 500, 502, 503
Definite time delay 318
Delay angle 404, 408
Delta connected motors 392
Derating, see Factors
Diesel
Engine 19
Generators 3
Diesel engines, emergency 449
Diesel generators, emergency 459
Dimensions, influence on reactances 67
Direct-on-line starting 107, 124, 176, 312,
318, 336, 441, 500, 573, 580
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Dirty engine, gas turbine 38
Diversity factor 4
Diversity factor applied to loads 199
Double frequency 492
Double insulation 235
Double wound transformers 364
Doubling factor for fault current 164, 285,
287, 292
Down-hole pumping 385
Downstream
Circuit 332
Circuit breaker 293, 450
Coordination and back-up of protective
devices 333
Devices 333, 348
Feeders 312
Fuses 330, 450
Molded case circuit breakers 450
Motors 318
Protective devices 333
Switchboard 329
Switchgear 157, 163, 318
Transformer 318
D-Q axis or two-axis theory 64, 308
Drive end 80, 120
Drilling
Equipment 407
Oil wells, DC motors systems 410
Rigs 323, 328, 386, 394, 432
Wells 385
Vessels 354
Droop 84
Gain of speed governors 325
Governing of generators 433
Of DC output voltage 408
Droop characteristic, of a gas turbine 43
Duty
Continuous 3
Current limiting short-time, of fuses 177
Fault breaking 149
Fault breaking rms, of switchgear 152
Fault making for switchgear 291
Fault current withstand, of switchgear 154
Intermittent 3
Non-current limiting long-time, of fuses
177
Standby 3
Symmetrical breaking, of switchgear 274
Worst case situation for maximum fault
making 277

Earth and ground notation 355
Earth fault, in relation to earth loop impedance
233
Earth leakage circuit breaker 241
Earth loop impedance 200, 224, 240
Earthing
Apparent resistivity of soil 590
Disconnection time 235, 242
Double insulation 235
Fixed equipment 235
Grid and rod system 585
Hand-held equipment 235
Portable equipment 235
TN and TT systems 242
TN, TT and IT systems 235
Earthing
And grounding, defined 353
High impedance 323
Grid resistance 589
In cubicles and panels 382
Inductor or transformer 328
Low impedance 323
Mutual resistance between the grid and rods
592
Resistance of all the rods 592
Resistance of the grid conductors 592
Solid at the star-point 333
TN, TT and IT systems 364
TNC, TNS, TNCS, TT and IT systems 360
Earthing busbars
Clean 382
Clean and instrument connections 382
General 382
Single point earths 382
Earth loop impedance 343, 345
Eddy current induction 304
Eddy currents, in cable screens 381
Efficiency
Electro-mechanical conversion 37
Ideal cycle 26
Of an induction motor 101, 106, 107
Of compression 29
Of turbine 29
Practical cycle 29
Electrical power in the two-axis form 54
Electric shock 147, 233, 343, 351, 354, 355,
356, 364, 367
At the far end of a cable 366, 367
Corner mesh voltage 590, 595
High risk 369
Ground potential rise 595
In a neutral circuit 365



Step voltage 589
Touch voltage 589
Electrolytic tank, for slip ring motors 391
Electromagnetic interference 399
Electromagnetic damping 304
Electromotive force, EMF 85, 99
Emf behind an impedance 274
Induced in a transformer 134, 137
Sub-transient emf 275, 294
Synchronous emf 275
Transient emf 275
Emergency
Generators 3
Load 3
Lighting 459
Enclosure 78
Copper bonding straps 371
Direct and indirect entries 259
For switchgear 143
Forms of separation in switcher 148
In relation to earthing 371
Ingress protection for 78
Open and closed types 120
Plain or clearance hole entries 372
Specification of 473
Threaded entries 371
Totally TE 120
End-of-curve condition of characteristic 122
End-of-curve operating point 14
Energy equation, compressor and turbine 32
Energy efficiency 385
Equivalent circuit
Of a screening system in cables 375
Of a transformer 132
On an induction motor 100, 495, 500
Of the earth loop impedance 366
Pye, for long cables 217
Tee, for long cables 214
Equivalent circuit, low voltage system 271
Equivalent transformer 278
Essential load 3
Events and alarms 158, 448
Extra-fast acting fuses 176
Excitation 61
Excitation voltage 88
Exciter 62, 78, 96

Main 88
Pilot 88, 89
Factor

Correction for depth of the grid 593
Correction for grid geometry 593
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Correction for mesh spacing 593

Correction for rods within the grid 593

Deceleration 118

Deep-bar 102

Derating for cable conductor current 202,
204, 206

Derating of ground resistivity 589

Doubling for fault current 151, 164

Fusing 156, 225

Load 10

Marginal for MVA rating with future load
278

Multiplying to change reactances 481

Normal running load 9

Overload 10

Overall power 5

Power 64

Factory built assemblies 143
Fans

For transformer 12, 138, 145
In induction motors 121
Shaft mounted cooling 390
Ventilating 345

Faults

Busbars 332

Cable internal line-to-line 333
Cable internal three-phase 333
Generator internal 323

HV motor phase-to-phase 339
Line-to-ground 364, 479, 483
Line-to-line 479

Transformer internal 329

Fault current 73

Contribution from induction motors 292,
300, 493, 503

Doubling, see current doubling

Earth fault 324

First cycle of 292

Instantaneous 274

Let-through 339

Limited by transformer impedance 145

Peak asymmetrical sub-transient 291

Peak let-through 176

Peak symmetrical 274

Peak value of the 274

rms value of asymmetrical 293

Single line-to-ground 370

Sub-transient 79

Symmetrical 276

Through fault 319, 329

Total sub-transient symmetrical rms 281

Transient and sub-transient 279
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Fault making capacity 151
Feedback

Derivative 84, 88

Damping 84, 539

Gain 399

Regulation 389

Signals 392

Transfer function 42
Feedback regulation 389
Feedback signals 392
Feeders

Cable 346

High voltage 355

To a switchboard 199

Transformer 326, 406
Feeder cables, long route length and

capacitance 340

Field current 64
Field winding 88, 480, 490
Filters, tuned and Q-factor 433
Final sub-circuits 163
Flame retardant 138
Flame retardant, material in switchgear
Flammable gas and vapour 251

Fluid couplings for speed control of machines

397
Flux
Constant air gap 389, 393
Density 140
Leakage 131
Linkages 482, 484, 487
Linkage equations and variables 486
Mutual or magnetising 131
Negative phase sequence 322
Raise in air gap 393
Residual 140
Trapped in machine 294
Forces, electromagnetic 142
Forward transfer function 42
Forward path gain 399
Fourier coefficients of current 409
Fourier coefficients of line current 414
Frequency, system 11
Frequency
Error 447
Nominal angular 481, 495
Nominal cyclic 481
Recovery of system 307
Fuel 23
Air-fuel ratio and mixture 26
Air-fuel ratio by mass 31
Air-gas mixture 27

Control valve 52, 58
Control valve characteristic and limits
Energy from the 32
Mass flow rate of the 36
Fuel consumption of a gas turbines 36
Fuels for gas turbines 23
Function generators 316, 347
Functionality 470
Fuses and fusing 154, 173
Arcing time 178
Clearing time 178
Factor 156, 225
For induction motors 156
High-speed 225
Melting process 173
Melting time 178
Fuse-contactor combinations 154
Fuse-switch combinations 154

Gain 52
Forward path 539

56

Proportional in automatic voltage regulators

84

Gas and vapour in hazardous areas 251

Gas generator 19

Gas groups and temperature classes 266

Gas turbines
Aero derivative 19
Air compressor 20
Block diagrams 51

Closed-loop speed-torque characteristic 41

Combustors 58

Combustion temperature 26
Compressor turbine 20

Heavy industrial 19

Inlet filter 33

ISO rating 37

Least signal selector device 59
Light industrial 19

Operating temperature 437, 441

Open-loop speed-power characteristic 41

Open-loop speed-torque characteristic
41

Packaged generators 37

Power turbine 20

Silencing, inlet and exhaust 32

Simple or Joule cycle 24

Single shaft 20, 51, 58, 539

Starting 39

Three shaft 23

Two or twin shaft 20, 51, 58, 539

39,

Ungoverned speed-torque characteristic 39



Gate turn-off thyristors 405
Generator decrement curves, for fault currents
315
Generalised theory of electrical machines
479, 496
Generators
Excitation 318
Local captive 354
Salient pole 291
Generators, sizing 13
Grids and rods for earthing 352, 369
Ground potential rise 369
Ground or soil thermal conductivity and
resistivity 205

Hand-held equipment 235
Hand-to-foot resistance 352
Hand-to-hand resistance 352
Hard and soft limits in control valves 56
Harmonics

Cancellation 418

Currents 386

Design of filters 431

Distortion 401, 431

Distortion in uninterruptible power supplies

449

High frequency 136, 406

Injected into a system 429

Notches due to commutation 399

Q-factor of filters 433

Sharply tuned filers 433

Spikes 387

Voltdrops 386

Harmonic current in switchgear neutral busbars

146
Harmonisation of international standards 265
Hazardous areas 61, 78, 123, 125, 386, 460,

472
Classification, earthing influenced by 358,

363

Equipment 451

Ex ‘d” 78

Ex ‘de’ 78

Ex ‘n” 78

Ex ‘p> 78

Gases and vapours 251, 363
Radar 466

Use of four-pole circuit breakers and isolator

365
Zone 1 and zone 2 78
Zone 1 lighting fittings 460
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Hazardous area classification 249
Hazardous area types, zones 0, 1 and 2 251
Hazardous area zones and divisions 253
Heat rate 35

Heat radiator 138

Heat exchanger 80

High conductivity copper 68

High impedance earth point 358

High power transistors 407

High-set setting 348

High voltage generator 78, 471

High voltage motor 78

Hysteresis 140

[-squared-t characteristic
For negative phase sequence current 339
Of a contractor 339
Of a neutral earthing resistors 323
Of a person 351
Of cables 323
Of copper cables 165
Of downstream equipment 176
Of fuses 164, 176
Of molded case circuit breakers 164
Of power equipment 337, 363
Of transformers 329
I-squared-t duty of equipment, prospectively
high 363
Impedance
Armouring 366
Earth loop, see earth loop impedance 200
Earthing 355
External, effect of short circuit currents
152
In relation to armouring 186
Induction motor sub-transient 294
Induction motor transient 294
Leakage, of a transformer 145
Operational 486, 491, 493
Operational in the D-axis 489
Operational in the Q-axis 489
Per-unit of a transformer 133
Shield transfer in screening 380
Source 366, 492
Sub-transient 64
Transient 64
Increased safety, type of protection 256
Indication and control for switchgear 158
Induced emf 79
Inductive reactance 99
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Induction

Rotational type of 273

Transformer type of 273
Induction motors 99

Double cage 101, 108, 490

Maximum torque 106

Pole amplitude modulated 390

Pole changing 390

Squirrel or single cage 385, 387, 479, 485,

490

Torque 103

Wound rotor 385, 387, 391
Inductance, series connected external 480
Inductance in the DC circuit 413
Inductances, mutual 484, 493
Inductances, self or total 481
Induction by rotating action 483
Induction by transformer action 482
Inertia 122, 441
Inertia characteristics 304
Inertia constant 54, 78, 306
Inertia of the fuel mass 58

Inertia, of the rotor system of masses 52, 539

Ingress protection 473

For switchgear 144, 147
Ingress of water and particles 121
Ingress protection for liquids and dust 78
Inlet and exhaust ducting 32
Inlet and exhaust silences 32
Inlet and exhaust silencing and filtering 38
Inlet filter and ducting 24
Inlet silencer 24
Inrush current of a motor 340
Inrush current of transformers 141
Installations, see offshore and onshore
Instantaneous

Currents 483

Emf 483

Setting 348

Voltages 483
Insulation classes B and F 121
Iterative solution 117
Interfaces, engineering disciplines 16
Interfacing with switchgear 159, 161
Integral controller 444
Interlocking

Safety devices 157

Systems 16, 161

Two-out-of-three feeder paralleling scheme

157

Inverter

Current source 422

Single-phase 421

Square wave type 421

Three-phase 422

Voltage source 422
Iron circuit 62
Iron core 88

Damage to laminations 318, 355

Earth faults in laminations 340

Eddy current loss 100

Of a transformer 131, 140

Over-heating laminations 324
Island mode operation of a plant 36, 300
Isochronous governing 325
Isochronous control of frequency 443
Isochronous control of voltage 444
ISO conditions 35

Key single line diagram 1
Generators 15
High voltage motors 15
Large low voltage motors 15
Motor control centers 15
Switchboards 15
Transformer feeders 15

Lead metal 186
Lead-tin-antimony alloy
sheathing material of cables 186
Leakage flux 131
Leakage reactances
Armature or stator winding 480
D-axis damper winding 481
D-axis field winding 481
Q-axis damper winding 481
Leakage inductances
Armature or stator winding 480
D-axis damper winding 480
D-axis field winding 480
Q-axis damper winding 480
Least single selector control device 59, 539
Let-through current 224
Let-through current in capability 155
Let-through current in fuses 176
Let-through fault withstand capability, of
cables 124
Lighting
Emergency 459
Escape 459
Flood 460
Fluorescent lamp fittings 460
Helideck 463
High pressure sodium 460



Levels of illumination 461
Low pressure sodium 461
Normal 459
Stroboscopic effect 459
Types of fittings generally used 461
Limits 97
Load 3
Angle across a reactance 303
Belt-driven 122
Break switches 154
Current in rectifiers 404
Emergency 3
End-of-curve condition 122
Essential 3
Future expansion 8
Initial consumption 8
Non-essential 3
Normal 3
Seasonal demand 5
Static 345
Total 5
Total of the system 49
Total plant peak, TPPL 5
Total plant running, TPRL 5
Uninterruptible 452
Vital 3
Loading
Fully loaded system 311
Lightly loaded system 311
Single phase, unbalanced 479, 483
Load factor 438
Decreasing 446
Loads
Sharing of 46, 443
Unbalanced 323
Load schedule 5, 445
Load shedding
High speed 436
Low speed 436, 440
Priority table 439
Locked rotor apparent power 107
Locked rotor current 109
Locked rotor torque 109
Long delay setting 348
Long delay time 348
Loss of accuracy 486
Losses
Active power 70
Core-loss in a transformer 134
Dirty engine 38
Eddy current 100
Fans and bearings 500
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Gearbox 13, 38
Generator 38
Heat in motors 121
Ohmic power, in harmonic systems 410
Power dissipation from harmonic filters
431
Resistive 500
Reactive power 70
Silencer, filter and ducting 38
Turbine 29
Lower calorific value 35
Lower explosive limit 252

Machines, centrifugal 122
Magnetic flux 99
Magnetic saturation knee-point 401
Magnetic saturation in generators 401
Magnetic saturation in transformers 401
Magnetising current 140
In induction motors 393
Of transformer 324
Magneto-motive force, MMF 63
Master load schedule 2
Materials
Cable insulation 188, 192
Cable sheathing 188, 192
Mathematical models
of machines and control systems 33
transient and sub-transient power equations
53
Maximum asymmetrical current in fuses 176
Melting time 174
Merz-price, see protection 333, 334
Differential current 340
Micro-computer based intelligence, for
switchgear 159
Micro-computer chips 347
Micro-computer control system 397
Modules
Electronic relay, in switchgear 159
Solid state, for use in switchgear 164
Molded case circuit breakers 144, 162, 163,
164, 165
Moment of inertia 11
Motor control center 143, 144, 155, 157, 158,
209
Motor feeder cable 123
Motor run-up time 318
Motors
AC commutator 388
Commutator 385
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Motors (Continued)
DC shunt, series and compound wound 385
Pole amplitude modulation 390
Pole changing 388, 390
Synchronous 385
Multi-generator system 306
Multiplying factors for peak fault currents
292
Mutual coupling 67, 406
Mutual inductances 374, 481, 485, 493
Between winding in D-axis 480
Between winding in Q-axis 480
Mutual or magnetising flux 131
Mutual reactances
Between winding in D-axis 480
Between winding in Q-axis 480

Nameplate
Rating of loads 437
Total power 439
Voltage of motors 210
Nameplates,
markings for hazardous area equipment
266
Navigation aids 463
Aircraft warning lights 465
Buoys 465
Echo-sounding devices 466
Flashing marker lights 464
Identification panels for offshore platforms
465
Synchronization of flashing lights 465
White and red flashing lights 464
Neutral busbars 146
Neutral earthing resistance 80, 355, 357, 585,
596
Neutral earthing
High impedance 355
Resistor 333, 355, 370
Noise
As harmonic currents and voltages 387
Electromagnetic 372, 379
Pick-up 373, 382
Voltages in current source inverters 423
Nomographs for voltage drop when starting
motors 571
Non-drive end 78, 80, 120
Non-essential load 3
Non-hazardous area 253
Normal load 3
Notation,

Cable composition 192
Earthing and grounding 355
Numbering system of transformer windings

137
Transient and sub-transient impedances of
motors 493

Notching distortion 406

Overhead
Earthing conductor 370
Power lines 329
Line pole and fences 367, 369
Transmission line 422, 432, 585
Operating temperature of a gas turbine 437,
441

Parallel redundant uninterruptible power
supplies 457

Partial discharging in insulation 373

Peak asymmetrical current 151

Peak let-through current in fuses 176

Permanent magnet 89

Per-unit
System base parameters 579
Torque 486

Phase-to-neutral emf 407
Phase angle displacement 137
Phasor diagram 64, 275
Philosophy, N-1 9, 12
Phosphor bronze, in cables used as armouring
185
Plants
Land-based 78, 353, 354
Land-based, earthing systems 367
Land-based installations 363
Liquified natural gas, emergency generators
325
Liquified natural gas, large compressors in
336
Off-shore 138
Off-shore and marine installations 363
Self-contained generating 273
Utility power 332
Plastic 184, 188
Point of connection, to a utility supply 356
Poles 99
Portable lambs and torches 460
Power
Active 69, 441, 443
Active, in harmonic systems 410
Active, summation in estimating load 199



Amplifier 54, 84
Consumption 9
Factor of load 5
Factor of the fundamental current 410
Invariance in generalised machines 484
Management system 435
Net available from the power turbine 26
Reactive 69, 83, 443
Reactive in harmonic systems 410
Reactive, summation in estimating load
199
System frequency 441
System, fully loaded 311
System, lightly loaded 311
Systems, national grid 431
Transistors and thyristors 385, 402
Transistors controllers 391, 394
Utility company 328
Potential gradient, maximum in cable
insulation 373
Potential difference in earthed systems 355
Power angle chart 72
Power factor 64, 85
Power factor leading 73
Power factor of a transformer 140
Power factor of short circuit current 174
Power-to-weight ratio 20
Power-to-weight ratio, high 19, 20
Power turbine 19
Power utility company 8, 20
Pre-arcing time 174
Pressure drops 32
Combustion chamber 33
Compressor discharge 33
Turbine exhaust 33
Pressure ratio 31, 33
Prime-movers 13, 304
Gas turbines 41
Under and over frequency 325
Upgrading 13
Projects, new 5
Prospective current in fuses 176
Prospective fault current 79
Protective relays
Admittance type 320
Buchholz 139, 398
Coordination 312
Differential stator current 80, 318, 326
Earth fault 124
Earth leakage current 451
Earth leakage detection 242, 323
Electronic 336
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Field winding earth fault 326

Inverse time 124

Lock-out 436

Long time delay characteristic 163

Negative phase sequence current 322, 326

Nominal current 348

Overvoltage 318

Restricted earth fault 323

Reverse power 448

Sensitive earth current 596

Short time delay characteristic 163

Synchronising check 158

Thermal 124, 337

Undervoltage 159, 318, 335

Voltage restrained overcurrent 316

Protective relays and devices 311

Cascaded devices 451

IEEE numbers 313

Notation used for 313

Protection schemes and systems

Back-up 318, 333

Cold and hot thermal, for motors 340, 344

Coordination 312

Coordination of earth fault devices 333

Core-balance 242, 333, 345

Core-balance for fluorescent lighting 346

Core-balance for static loads 346

Core-balance for welding socket outlets
346

Definite time 316

Differential busbar zone 334

Excessive vibration in motors 342

Fuses 333

High-set overcurrent for static loads 346

High-set current 330

High bearing temperature of motor 342

High speed differential current 333

Instantaneous current 330, 332

Instantaneous overcurrent for static loads
346

Instantaneous tripping function 339

Inverse square law 330

Loss of excitation 320

Merz-price scheme 333

Multi-zone distance 332

Of high voltage motors 336

Overcurrent and overvoltage in battery
charger 452

Overcurrent in cables 332

Overcurrent in inverters 450

Overcurrent in the bus-section circuit 335

Overloading for motors 336
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Protection schemes and systems (Continued)
Over-temperature 540
Repeated starting of motors 341
Single-phase for motors 344
Thermal image 343
Thermal image for motors 336, 343
Time delayed overcurrent for static loads
346
Underfrequency 11, 540
Underfrequency multi-stage 540
Undervoltage at high voltage busbars 335
Pumps 385, 386, 402
Centrifugal 108, 396
For transformers 138
Submersible 394
Variable speed drives for 433, 495
Purging systems for motors 386

Radial interconnecting circuits in relation to
earthing 277, 382

Radial, stress pattern in the insulation of cables
373

Radiator, for transformers 138

Ratings

Motors 13

ISO for gas turbines 37
Ratio

Dynamic to static 306
Generator to motor ratings 581
Power to weight 19
Starting to rated current of an induction
motor 107, 280, 573, 584
Three-speed induction motors 391
Two-speed induction motors 390
Voltage-to-frequency, control of air gap flux
399
Ratio, X-to-R, see X-to-R ratio 108
Reacceleration of motors 159, 210, 335, 447,
540
Reactance
Commutating 407
D-axis sub-transient 488
D-axis synchronous 488
D-axis transient 488
Derived 62, 491, 492, 495
Direct axis 62
Direct axis sub-transient 63
Direct axis synchronous 62
Direct axis transient 63
External 492
Field leakage 68

Inductive 99, 174
Negative phase sequence 489
Q-axis sub-transient 488
Q-axis synchronous 488
Quadrature 274
Quadrature axis 62
Quadrature axis sub-transient 63
Quadrature axis synchronous 62
Quadrature axis transient 63
Rotor leakage 101
Series connected external 481
Stator winding leakage, armature leakage
67
Sub-transient 79, 153, 273, 274, 501, 502
Synchronous 71, 87, 273, 479
Transient 273, 274, 479, 502, 573
Zero-phase sequence 489
Reactive power 4,5
Reactors
Use of 294
Air-cored 299
Dry-type 299
Liquid immersed 299
Fault current limiting 295
Iron-cored 299
Zig-zag connected for earthing 358
Receiving end of a cable 333
Receiving end of a transmission link 301
Receiving end of voltage 303
Reciprocating compressors 345
Reciprocating machinery 307
Rectifier-inverter system for soft starting
motors 127, 397
Reference
Voltage 84
Points in earthing 382
Refrigeration, LNG plants 3
Regulation 84
Speed 106
Feedback 389
Of speed 325
Voltage 89
Voltage, of a transformer 135
Relative vapour density 252
Relay coordination, see Protection
Relays, under and over frequency protective
11
Reluctance 67
Residual magnetism 88
Resistances
Armature or stator winding 480
D-axis damper winding 480



D-axis field winding 480
Q-axis damper winding 480
Series connected external 480
Resistance armature 71
Resistance of the human body 352
Resistance temperature detectors 139
Resistance to earth 368, 590
Resonance 402
Restarting of motors 159
Retardation angle 404
Ring interconnecting circuits in relation to
earthing 382
Ring main station 277, 369
Ripple, average voltage 408
Ripple number 408
Rotationally induced 483
Rotor, see induction motors 61
Field 61
High resistance, induction motor 389
Pole face 294
Wound type, induction motor 389
Rotor angular position 306, 484
Rotor bars 101
Rotor bars, caged 78
Rotor poles and damper bars 322
Rubber 187
Natural 187
Silicon 196
Synthetic 187
Vulcanized 187
Rubber, mats used in switchrooms 367
Rule-of-thumb,
Auxiliary power 37
Dirty engine losses 38
Drop terminal voltage 122
For cascaded devices 451
For charging current of batteries
454
For extra capacity in switchgear
149
Letters and numbers for windings
136
Losses due to silencing and filtering 39
Power factor of bridges 413
Ratio of motor kW to supply kW capacity
124
Ratio of ratings of generators to motors
442
Sizing induction motors 14
Spacing of cables to avoid harmonic
coupling 406
Run-up time, long 325, 329
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Safety 234
Safety of personnel 3
Saliency of the pole surface, sub-transient
current due to 150
Saliency, sub-transient 492
Salient pole rotor construction 61
Safety 325
Salient pole generators 322
Saturation constants 93
Saturation function 89
Scheduling the shutting-down of main
generators 445
Scheduling the starting-up of main generators
445
Screening
Aluminium foil in cables 381
Braided armouring 379
Braided armour in cables 381
Common circuit conduction 373
Cut-off at high frequencies 380
Eddy currents 381
Effectiveness 379
Electromagnetic or mutual inductive
coupling 373
Electrostatic discharging 380
Electrostatic or capacitive coupling 373
Fault currents 374
Harmonic currents 374
High frequency attenuation 379
Holes in braiding 381
Low frequency interference 379
Noise cancellation 379
Oft-shore signal cables 379
Pick-up of noise 382
Shield transfer impedance 380
Signal conditioning units 382
Surge currents 374
Source of interference 375
Unbalanced core and screen currents 379
Unbalanced currents 374
Virtual earth in an electronic amplifier 379
Self-excitation 88
Sending end of a cable 333
Sending end of a transmission link 301
Sending end voltage 303
Sensitive earth leakage current detectors 356
Series reactor for starting motors 128
Series resonant branch of a filter 433
Set-points
For the inverter 399
Of automatic voltage regulation 448
Of speed governors 448
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Shaft torque and shaft power 486
Sharing of active power 444, 448
Sharing of reactive power 444, 447
Short circuit current 223, 269
Current doubling 283
DC part 150, 502
Double frequency AC part 150
Fundamental AC part 150
Impedance 99
Instantaneous 492
Peak 145, 274, 293
Peak let-through 176, 225
RMS 274, 293
Short circuit,

Line-to-line-to-line or three-phase 282, 492

Not involving earth 333
Short delay setting 348
Short delay time 348
Shutdown, of gas turbine generators 20
Signals
Raise and lower 84
Least selector device 59
Silencing, inlet and exhaust 32
Silicon controlled rectifiers 385
Single line diagram 14
Single-phase protection 155
Single-phase transformer 131
Slewing characteristics in control systems 56
Slip 104
At harmonic frequencies 423
Full-load 101
Rings 88, 490
Slip energy recovery 388
Slots, in induction motor stator 129
Soft starting of submersible pumps 396
Soil resistivity 367, 368
Solidly earthed secondary winding 328
Solidly earthed start points 358
Source of ignition 251
Spare
Feeder 8
Generator 8
N-1 philosophy 9
Sparks, electrical and mechanical 251, 252
Spark, in a neutral circuit 365
Specifications
Abbreviated tests 474
Desirable requirements 470
Essential requirements 470
Hazardous areas 472
High ambient temperatures 471, 472
Incidental requirements 470

Ingress protection 473
Inspection and testing 474
Modes of operation of the power system
472
Performance tests 474
Production tests 474
Routine tests 474
Short circuit withstand performance
473
Special tests 474
Temperature rise limits 473
Type tests 474
Typical format 470
Specific heat
At constant pressure 26, 27, 31
At constant volume 26
Speed governing 39
Closed-loop 41
Derivative damping 56
Droop control 43, 44
Gain 52
Integral control 44
Isochronous control 43, 44
Load sharing 46
Open-loop 39
Power or load sharing between gas turbines
44
Proportional control 44
Transfer function gain 43
Speed or frequency versus load sharing
between gas turbines 46
Speed regulation in a variable speed drive
system 400
Stability
And hunting 295
Limit of transient 306
Of relays 319
Steady state 300
Studies 300
Stalling time, maximum for an induction motor
125, 341
Steel wire braid armour 186
Steel wire armour 186
Standard voltages 191
Standby redundant uninterruptible power
supplies 457
Standing load at a switchboard 312
Star, connected winding 100
Star connected motors 192
Star-delta stator winding 388
Star-delta transformer 328



Star point
At the sending end 333
Connection to earth 323
Earthing of 224
Earthing through an impedance 328, 333,
358
Low voltage system 355
See also neutral point 80
Starting
Auto-transformer method 126
Korndorfer method 126, 573
Part winding method 129
Reduced voltage 126, 573
Series reactor method 128
Soft-start method 127
Star-delta method 126
Starting and run-up current 107
Starting current 106
Starting gas turbines,
DC motors, air motors, batteries 39
Starting or run-up time, induction motor 125,
225, 329
Starting times, long 336

States
Dynamic 64
No-load 108
Steady 64

Sub-transient 70
Transient 70
State, dirty engine 439, 445
Static resistance bank, for slip ring motors
391
Stator 99
Armature 61
Slots 67
Stator current
Peak-to-peak value 63
Root-mean-square value 63
Stator current versus speed 100
Steel
Carbon 185
Galvanised 185
Mild 185
Stiction 108
Still air conditions 252
Structures
Made of concrete and brick 353
Made of steel 353
Studies
Preliminary 73
Transient stability 73
Studies, stability 300, 335
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Submarine cable 73, 185, 402
Submersible pumps 394
Sub-system, unearthed 353
Sulphur,
Hexafluoride gas 147
In cables 187
Switchgear 143
Metal clad type 144
Neutral busbars 146
Switching devices 154
Switchboard 3
Switchboard, main 277
Symmetrical component theory 483, 585
Synchronising facilities 3
Synchronous
Generators 72, 83, 273, 479, 480
Machines 62
Motors 61, 294
Reactance 62, 85
Reference frame 487, 496
Source and sink 302
Speed 55, 63, 100, 487, 496
System
Control and data acquisition, SCADA 159,
336, 435, 448
Earthing 356
Frequency 48, 540
Governor control 322
Grids and rods for an earthing 352
Interconnected 305
Interconnected, tightness and looseness 306
Meshed or looped 277
Modes of operation 472
Multi-machine 306
Power management 435
Radial 276, 292, 311
Ring-main 277
Selv and Pelv, in relation to earthing 364
Solidly earthed low voltage 365
Three-phase star connected 356
Transmission 72
Unearthed 329
drilling rigs and low voltage supplies
323
System control and data acquisition,
interfacing with switchgear 159
Systems and schemes
Interlocking 16
Synchronising 16
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Tacho-generator for feedback of speed
399
Temperature
Ambient 471, 472
Ambient air 199
Ambient for batteries 456
Cable conductors 199, 223

Class, in hazardous area classification 252

Combustion 11, 26
High ambient 121
Initial, for cable conductors 222
Maximum surface, for cable conductors
222
Operating, of a gas turbine 437, 441
Standard ground 199
Temperature rise 473
Insulation Class B, Class F 79
Teredo worms, damage to cables 185
Terminal boxes 80
Terminal voltage 64, 85, 315, 324
Transformer at full-load 135
Transformer at no-load 135
Termites and ants, damage to cables 185
Thermal withstand time of neutral earthing
resistors 323
Thermocouples 342
Thermodynamic
Adiabatic compression 24
Entropy 24
Joule cycle or simple cycle 24
Relationships, P, V, T and S 24
Third harmonic current 323
Three-phase
Fault 80, 492
Fault inside a terminal box 123
Transformer 140
Winding 99, 129
Threshold limit of fibrillation 351, 367
Throttle valve control for pumps 397
Thyristor 385, 422, 450
Controllers 387
Controllers for DC motors on drilling rigs
394
Inverters 387, 450
Rectifier 392
Rectifier-inverter 392
Time characteristics of relays
Definite 329
Extremely inverse 329, 330, 333, 347
Standard inverse 329, 330, 333, 347
Very inverse 329, 330, 333, 347

Time constants 73, 83, 479, 488, 491
Armature 489, 493, 502
Armature, of AC machines 153
D-axis damper leakage 488
D-axis sub-transient open-circuit 488
D-axis sub-transient short-circuit 488
D-axis transient open-circuit 488
D-axis transient short-circuit 488
Q-axis damper leakage 489
Q-axis sub-transient open-circuit 489
Q-axis sub-transient short-circuit 489
Thermal, of high voltage motors 337
Thermal, of low voltage motors 343
Transient and sub-transient direct axis 332
Time
Critical, of motors 125
Disconnection 236
Margin between relays and devices 335
Stalling, of motors 341
Time multiplier setting 316, 318, 322, 348
Tin, in cables used with conductors and
armouring 184
Tolerances 78, 109
Data for computer programs 481
Level of harmonic voltages and currents
531
Of harmonics 398
Power system data 479
Wider for the Q-axis data 480
Torque 99, 103
Breakdown for an induction motor 106
Constant versus speed 108
Full-load 104
Maximum for an induction motor 106
Pull up an induction motor 106
Quadratic versus speed 108
Starting 104
Torque versus speed 108
Torque versus speed curve of a motor 399
Transformers 12
Current 83
Delta-star, in rectifier bridges 417, 419
Double-wound isolating 364
Equivalent 278
Feeders 326
Induction 63
Leakage reactance 402
Phase shift in rectifier 417
Single phase 131
Star point 328
Star-star, in rectifier bridges 419
Three-winding type 328



Voltage 83

Zig-zag connected for earthing 358
Transformer construction

Conservator type 139

Dry-type 137
Liquid immersed type 137
Oil 138

Resin insulated 138

Sealed tank type 140

Synthetic liquids 138
Transformer induced 482
Transient stability studies 70, 300
Transmission link 70
Transmission network 332
Transmission power, long distance 422
Transmission system 72

Capacitance charging current 72
Trending of

Active power 448

Engine parameters 448

Generator parameters 448

Reactive power 448
Turbine

High pressure 22

Low pressure 22
Typical data 73

For switchgear busbars 145

Impedances of a transformer 133

Unbalanced loads 145
Unbalanced stator currents 322
Unearthed systems 329
Uninterruptible power supplies, AC 449
Uninterruptible power supplies, DC 451
Uninterruptible power supplies, UPS 3
Upper explosive limit 352
Upstream

Coordination of contactor with its fuses

343, 344

Devices 348

Inverter 450

Source protection characteristics 332
Upsteam, fuses 330
Upstream switchgear 157, 163
Utility grid 72
Utility, large public 306

Vacuum 147
Variables
Receiving-end 68
Sending-end 68
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Variable pumping capability for
submersible pumps 396
Variable speed motors and drivers 471, 385,
495
Variable torque control for submersible pumps
396
Ventricular fibrillation of the human heart
351
Vertical rods 355
Virtual time 178
Vital load 3
Volt drop 64, 79
At main switchboard busbars 79
Calculation 559
Compensation in motor cables 399
Effect of generator impedance 577
Full-load running current of motors
220
Graphical estimation 125, 580
Harmonic 406
In a transformer 131, 135
In cables 209
In long cables 213
In long motor feeder cables 159
In motor feeder cables 220
In short cables 209
Maximum route length of a motor feeder
cable 220, 223
Nomographical method 125, 584
Per-unit 571
Reactive 295
Resistive 484, 490
Starting current of motors 220
Voltage
Control of the rectifier 399
Depressions 210
Dip at generator terminals 318
Driving earth fault current 366
Feedback 399
Magnitude error 447
Phase angle error 447
Phase-to-neutral 235, 339, 499, 502
Phase-to-neutral, for lighting circuits 460
Phase-to-phase 339
Receiving end 303
Recovery of system 307
Reference for AVR 84
Regulation 89
Restrained relay 324
Restraining element 326
Restraint of overcurrent relays 316
Sending end 303
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Voltage (Continued)
Standard 191
Transformer 83
To frequency ratio 399
Unbalanced 339
Voltage source, constant 269

Water table, burial of cables 186
Windings
Connections 136
Delta 136
Letters and numbers 136
Primary of machines 496
Primary of a transformer 131
Secondary of machines 496
Secondary of a transformer 131
Star 136
Zig-zag 136
Work done on the generator 32

Worst case situation

For DC off-set of fault current
For design of earth loop impedance 366
For fault making current 149, 492

For generator parameters
Fully asymmetrical current

73
174

287, 503

Maximum fault making duty 277

Overall derating of cables
Slip 122
Still air conditions 252

206

X-to-R ratio 108, 151, 174, 271, 274, 291,

293, 294, 320, 393

Zenor diodes 347

Zero reference potential 351
Zone 0 hazardous area 254
Zone 1 hazardous area 253
Zone 2 hazardous area 253



