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A
Absolute voltage level 68
Access roads in outdoor 

installations 179, 514
Accessories for safe working in 

switchgear installations 706
Accumulators, see battery
Acoustics 29
Admittance 12, 54
AGI datasheets 183
Air-blast breaker for high voltage 454
Air-blast generator circuit-breaker 416
Air-conditioning unit (HVAC) 165
Aisle widths 174, 178, 182
Aldrey wire 622
Alternating current filter 544
Alternating current impedance 59
Alternating current quantities 52, 56
Alternators 83
Altitude compensation 117
Altitude factor 116
Aluminium

–  busbar load 596
–  electrical engineering 837
–  specifications 617, 837, 851
–  stranded conductor 617
–  wrought alloys 587

Aluminium-steel stranded wire
619, 620

Angular acceleration 7
Angular frequency 7
Angular velocity 7
Apparent power 52, 54
Arc-extinguishing principle 445
Areas 46
Arrester 482
Asynchronous motors

–  current input 66
–  fuse protection 66
–  individual p.f. correction 575
–  short-circuit current 78
–  short-circuit impedance 86

Attenuation, acoustic 31
Attenuation constant, transmission
systems 68

Autoreclosure relays (AR)
384, 459, 715

Autotransformer 551
Auxiliary contactors 324
Auxiliary installations general 797, 806 
Auxiliary switches 320, 329, 427, 769
AWG (American Wire Gauge) 693

B
Back-of-hand contact prevention 198
Backup fuses 333, 342
Bar 8
Bar conductors 

–  aluminium 596
–  continuous load capacity 590
–  copper 592
–  copper-sheathed 602
–  correction factors 604
–  inductive resistivity 102
–  limit temperature 588
–  longitudinal expansion 169
–  profile selection 589
–  rating for short circuit 122
–  threaded fasteners 609

Bare conductors
–  load capacity 588
–  properties 588
–  longitudinal expansion 169
–  temperature limit values 588

Basic technical terms 1, 50
Battery

–  dimensioning 805
–  installation 187, 805
–  operating modes 804
–  rooms 187
–  types 798

Baud 765
Belted cable, see cable
Bending moment 38
Bending radii of cables 681, 688
Bending strength 38
Bolts 615, 849
Boltzmann constant 22
Brass 59
Breaking conditions 428, 445
Breaking current 

–  calculation 77

Subject Index
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–  definition 69
–  fuses 334

Breaking strength 37
Bridge circuit 61
Brinell hardness of conductor 

materials 587
Buckling strength 41
Bus system 749
Busbar layout

–  correction factor for therm. 
load capacity 604

–  for reducing eddy currents 589
–  influence on inductance 103

Busbar protection 715
Busbar systems 

–  conductors 593, 598, 600
–  continuous load capacity 588
–  design 270, 354, 490
–  general 509
–  short-circuit current-carrying

capability 122, 146
–  split-phase arrangement 590
–  stranded wire 617

Busbars and busducts
–  Al U-sections 598
–  correction factors 604
–  drilled holes 609
–  DURESCA busbar connection 407
–  flat bars 590, 592, 596
–  fully-insulated transformer 

connection 405
–  general 102, 559
–  high-current 418
–  impedance 80
–  inductance 102
–  joints 580
–  longitudinal expansion 169
–  moments of resistance 128
–  round conductors 595, 604
– SF6 insulated 406, 507
–  short-circuit current-carrying 

capability 122, 146
–  solid-insulated 405, 406
–  temperature rise 167
–  tubes 598, 600

C
Cable routing (EMC) 246
Cable terminations 145, 696
Cables and wires

–  AWG numbers 693
–  bending radii 681, 688, 811

–  calculation example 648
–  capacities 99
–  connections, plug-in 703
–  conversion factors 655
–  cross-section calculations 

with computers 281
–  current carrying capacity 647
–  designation 646
–  electrical field control 697
–  electrical utility load 647
–  end seals 665
–  fibre optic cables 751
–  fire compartments 193
–  fittings for power systems 696
–  for telecommunications 

systems 687
–  grounding effect 213
–  impedances 96
–  joints 699, 701
–  laying 185, 680, 807
–  laying in air 650
–  laying underground 649
–  layout planning, computer-

supported 281
–  maximum permissible lengths 684
–  mechanical stress 145
–  overvoltage protection 488
–  partial capacitance 100
–  project planning 281, 647, 672,

690
–  rating and protection 672
–  short-circuit current withstand

122, 133, 145
–  SWG standards 694
–  temperature rise 167
–  trenches 185, 515
–  types 646
–  VDE specifications 851
–  weights 690

CAD/CAE
–  applications 307
–  methods 301
–  standards 302
–  systems 304
–  terms 301
–  workstation 305

Capacitance 54
Capacitive currents (switching) 449
Capacitive voltage transformers 473
Capacitors 57
Cap-and-pin insulators 636
Centralised compensation 578
Centres of gravity 47
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Centre-to-centre distance of sub-
conductors 122

Charging batteries 802
Circuit diagrams

–  arrangement 296
–  circuit diagram 294
–  composite items 292
–  definition 294, 308
–  designation 282
–  designation letter 282
–  designation of equipment 288
–  general 282
–  installation designation block 283
–  overview diagram 294
–  terminal connection diagram 296

Circuit-breakers 
–  compressed air 415, 454, 821
–  current limiter 380
–  direct current 545
–  extinguishing principle 382, 454
–  general 441
–  generator 409
–  HVDC 545
–  high voltage 441
–  important switching cases 445
–  low-voltage 320
–  mechanisms 384, 455
–  medium voltage 382
–  number of switching cycles 827
–  puffer pistons 452
–  self-blast 385, 453
–  SF6 medium voltage 385
–  SF6 outdoor 442
–  SF6-enclosed 444
–  small oil volume 382, 454
–  standardised values 321, 429
–  vacuum 382

Circuits for 
–  compensation 364, 571, 576, 578
–  current limiting coils 566
–  fast-load transfer 792
–  high- and medium-voltage switch-

gear installations 490
–  rectifiers 583
–  three-phase transformers 554
–  uninterruptible power supply

systems 785
Civil construction requirements

–  battery rooms 187
–  fire prevention 191
–  indoor switchgear 184
–  load conditions 183
–  outdoor installations 186
–  SF6 installations 185

–  special installations 187
–  transformers 189

Clearances in switchgear 
installations 174

Climatic stress 254
Colour of lights 817
Compensation 

–  asynchronous motors 575
–  reactive current 572
–  transformers 576
–  welders 577

Compressed air systems
–  calculation 826
–  compressors 821
–  design 824
–  distribution systems 828
–  humidity 821
–  rated pressures and pressure 

ranges 825
–  receiver-type compressed-air

systems 824
–  requirements 821
–  switching cycles 827

Compressive strength 37
Computer programs 267
Computerised calculation aids 265
Conductance 54
Conductivity of materials 59, 587
Conductor 

–  centre-to-centre distance 123
–  cross sections 63
–  material 587, 837
–  melting point 588
–  permissible stresses 124
–  properties 587
–  short-time current density

148, 579
–  temperature 588

Conductor displacement 142
Conductors for busbars 594, 598, 600
Construction types

–  high-voltage switchgear installa-
tions 272, 504, 517

–  low-voltage switchgear installa-
tions 279, 346, 348

–  medium-voltage switchgear in-
stallations 274, 386, 387, 392, 
396

Contactors
–  low-voltage 323
–  vacuum 386

Continuous current rating 159
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Control cabinets 509, 723
Control cables 245, 684, 732
Control engineering 745, 760
Control ground electrodes 213
Control rooms 745, 760
Control system for 

–  low-voltage systems 365
–  medium-voltage systems 404
–  switchgear, general 747

Control wire length of contactors 327
Control-discrepancy switches 722
Controller technology 720
Controllers

–  automatic 740
–  direct 723
–  microprocessor 746, 747, 755
–  remote 724
–  selection 723
–  transformer 742

Convection 27
Cooling of transformers 560
Copper 

–  busbars 588
–  properties 597, 837
–  sheetmetal 845
–  stranded wire 617

Core identification 645, 687
Correction factors for bare 

conductors 604
Corrosion 23, 25, 254
Corrosion protection 

–  earth electrodes 214
–  electrochemical 23
–  general 23, 261
–  material selection 23

cos ϕ 52, 54, 64, 556, 573
Coupling of ripple control systems 775
Cross sections of 

–  busbar conductors 590
–  cables 685
–  conductors 693
–  stranded wires 617

Current limiting 322, 336, 378, 380
Current transformers

–  ANSI values 470
–  classes 460
–  design 464
–  IEC values 466
–  optoelectric 477
–  power requirement 468
–  rated burden 460

–  selection 466
–  terms 460

Current-carrying capacity
–  busbars 592, 596
–  cables and conductors 647
–  conversion factors 655
–  correction factors 604
–  stranded wires 624

Current-carrying capacity 
(continuous current)
–  busbars 588
–  generator bus ducts 421, 422, 425
–  isolated wires and cables 647
–  stranded conductors 624
–  transformer neutral 554
–  transformers 559

Cut-off current 322, 378, 380

D
Data acquisition 712
Data processing 712, 756
Data transmission 749, 754
DC secondary supply in power 

plants 738
Decibel 68
Deep earth electrode 213
Deflection 39
Deflection of tubular busbars 156
Demand factor g 277
Density of materials 59
Designation 

–  cables 646
–  circuit diagrams 282
–  electrical equipment 282

Device benches 514
Dielectric constant 51
Dielectric loss factor 52
Dielectric withstand 113
Diesel engine 780
Differential relays 714
Dimensional systems 1
Dimensioning

–  bare conductors 122
–  capacitors 570
–  continuous current 159
–  current limiting reactors 566
–  grounding systems 217
–  insulation 113
–  mech. short-circuit current 

capability 120
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–  stranded conductors 133, 142
–  therm. short-circuit current 

capability 146
Dimensioning installations 113, 271
Direct contact 197, 207
Direct current

–  component of an undulatory 
current 53

–  extinguishing principle 445
–  HVDC transmission 541
–  line calculation 62

Direct current resistance 59
Directional earthfault relay 716
Disconnectors

–  commutating suspended 
contact 436

–  earthing switches 376, 438
–  general 427
–  high voltage 432
–  knife-contact switch-disconnec-

tors 375
–  low-voltage 329
–  mechanisms 376, 439
–  medium voltage 375
–  rod-type switch-disconnectors 376
–  rotary disconnectors 432
–  SF6 installation 500
–  single-support disconnectors 434
–  standardised values 429
–  switch-disconnectors 330, 375
–  tested terminal zones 387
–  two-column vertical break 

disconnectors 437
Dissipation resistance 212, 220
Distance relay 715
Distribution board 346
Drawings

–  formats 312
–  labelling 315
–  microfilming 315
–  preparation 318
–  standards 313
–  types in substation design 317

Drop force 136
DURESCA busbar trunking 407
Dynamic stress on

–  busbars 122
–  cables 145
–  conductor wires 133
–  insulators 125

E
Earth electrode 210
Earth fault

–  arc behavior 112
–  general 212
–  in low-voltage installations 201
–  influence of neutral point treat-

ment 111
Earth fault current 111, 212, 217
Earthing

–  area rule 215
–  conductor 210
–  contact resistance 201
–  control electrodes 213
–  corrosion 214
–  current 213
–  current penetration 92
–  deep earth electrodes 213
–  device (manual) 708
–  dissipation resistance 212
–  impedance 212, 213
–  lightning protection 212, 222
–  material 214, 218
–  measurements 222
–  natural earth electrodes 213
–  potential control 212
–  protective earthing 212
–  resistance 201
–  resistivity of soil 220
–  specific earth resistivity 210
–  standard cross sections 213
–  step voltage 212
–  surface earth electrodes 213
–  system earthing 212
–  total resistance 201

Earthing switches
–  general 427
–  high voltage 432
–  medium voltage 376
–  SF6 installations 500
–  standardised values 430

Effective conductor clearance 123
Effective power 52, 54
Electric shock protection 197, 207, 

243, 264, 311, 339
Electrical conductivity 59
Electrical resistances 59
Electrical surface-field strength 158
Electrical threads 850
Electrical utility load (cable) 647
Electrochemical equivalents 24
Electrochemical series 23
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Electrodynamic force 123
Electrolytic corrosion 23
Electromagnetic compatibility (EMC)

–  bonding system 242
–  cable routing 246
–  decoupling 241
–  interference quantities 237
–  interference sinks 237
–  measures 238
–  origin 233
–  propagation 233
–  shielding 244

Elementary charge 22
Elt-Bau-VO (electrical structural 

regulations) 187
Emissivity 28
Enclosed switchgear 349, 387, 392,

396, 497
Enclosure current 420
Endurance (fatigue) strength 37
English dimensions 16, 18, 19, 20
Entropy 11
Equipotential bonding 203, 206, 239,

247
Equipotential bonding conductors 203,

206
Equivalent DC value 53
Ergonomics 760
Escape paths 178, 184, 192
Escape routes 184, 192
Expansion of busbars 169
Exposed conductive parts 201
External insulation 113

F
Factors for short-circuit current 

calculation 74
Factory-assembled (type-tested) 

switchgear installations
–  high voltage 497, 536
–  low-voltage 348
–  medium voltage 392, 396

Faraday constant 22
Faraday's laws 23
Fast-load transfer HV motors 792
Fault current (Fl) 

–  circuit breaker 340
–  protective circuit 200

Fault loop 200

Fault recorders 738
Fencing of switchgear installations 516
Fibre-optic cables 751
Field constant, electrical 22
Finger-proof arrangement 198
Fire protection measures 191, 819
Fixed-mounted switching device 394
Fl-(RCCB) circuit breaker 340
Foundation earth electrodes 213
Foundations for outdoor installations

186, 514
Frequency 53
Frequency relay 716
Full-range fuses 333
Fully insulated transformer link 405
Functional extra-low voltage 202
Fundamental physical constants 21
Fuse-disconnectors 330
Fuses

–  backup fuses 333
–  breaking current 334
–  characteristics 378
–  current limiting 378
–  cut-off current 336
–  duty classes 333
–  full-range fuses 333
–  general 333, 377
–  holders 336
–  HRC fuses 333
–  HV fuses 377
–  links 336
–  melting fuses 338
–  rated currents 334
–  selectivity 337, 342
–  time/current characteristics 335

Fuse-switch disconnector 330

G
Gas-insulated switchgear installa-

tions (GIS) 497
Gauge piece 338
Generator bus ducts 418
Generator circuit-breaker 409
Generator unit protection 717
Geometry 46
Glass insulators 636
Gravity constant gn 135
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H
Harmonic content

–  term 53
–  with capacitors 574

HVDC installations 541
Heat transfer coefficient 160
Heat units 11
Heatload in enclosed switchboards

159, 368
Heights of conductors 177, 180
High-current bus ducts

–  dimensioning 422
–  earthing system 424
–  generator bus ducts 418
–  magnetic field 420
–  pressure-retaining system 425
–  principle 420
–  requirements 419
–  structural design 423
–  structural types 425
–  system selection 421
–  ventilation 422

High-current circuit-breaker 409
High-current switchgear 409
High-voltage direct-current trans-

mission 541
High-voltage installations, see switch-

gear installations
Hook's law 36
HRC fuses 379
H-type (Höchstädter) cables 98
Humidity, relative 255, 822
HVAC (heating, ventilation, air-con-

ditioning) 165
Hybrid design for HV installations 534
Hydraulic spring-operating mecha-

nism 455

I
Impedances 

–  asynchronous machines 80, 86
–  busbars 102
–  cables 96
–  equipment 83
–  general 54
–  overhead lines 89
–  reactor coils 88
–  synchronous machines 84
–  system infeed 83
–  three-phase overhead lines 89, 95

–  transformers 86
Inch-centimetre conversion tables 21
Indirect contact 199, 208
Indoor insulators 627
Indoor switchgear 184, 497
Inductance 57
Induction constant 22
Induction loss 420
Inductive voltage transformers 472
Influence quantities when calculating
short circuits 73, 111
Initial symmetrical short-circuit current

–  calculation 72
–  definition 68
–  fuses 336, 378

Installation fencing 516
Installation layouts

–  HVDC installations 546
–  indoor switchgear 184
–  outdoor installations 517
–  SF6 installations 497

Installation of
–  batteries 187, 805
–  power capacitors 571
–  reactor coils 569
–  transformers 189, 565

Installation planning 265
Installation systems 807
Instantaneous switchover 795
Instrument transformers 

–  ANSI standard values 470
–  application 460
–  capacitive voltage transformers

473
–  classes 460, 461, 463, 469, 470
–  current transformers 464
–  error limits 461, 463, 469
–  IEC standard values 468
–  inductive voltage transformers 472
–  non-conventional 475
–  position in feeders 495
–  rated burdens 467
–  selection of current transformers

466
–  SF6 transformers 500 

Insulated busbar connections
–  medium-voltage 405
–  SF6-insulated 406, 507

Insulated conductors 645, 683
Insulation co-ordination 114
Insulation level 118



900

Insulation materials 
–  gaseous 845
–  liquid 844
–  solid 839

Insulation monitoring device 200
Insulation rating 113
Insulators 627
Insulators 628
INSUM control systems for low-

voltage installations 365
Interior lighting 813
Interlocking 721
Internal arcing withstand 389
Internal arc-tested MNS switchgear

353, 370
Internal overvoltage 113
Internal short-circuit arc 389
International system of units 1
Inverter 787
Is-Limiter 380
IT system 200

J
Joule 9
Joule integral 150

K
κ-factor 74

L
Lambda factors 75
Let-through power 150, 323
Lighting installations 813
Lighting intensity 814
Lighting systems 813
Lightning protection

–  equipment 222
–  grounding 212
–  methods 223
–  rods 227
–  stranded wire 154, 225

Lightning-sphere method 223
Limit frequencies (EMC) 230, 240
Limitation of overvoltages 482
Linck method for lightning protec-

tion 224
Line-protection 

–  fuses 333, 335

–  miniature circuit-breakers 339
Loadings on beams 39
Longitudinal dimensions 2
Longitudinal expansion of busbars 169
Long-rod insulators 630
Long-time transfer 795
Loop impedance 200
Loss angle 56
Low-voltage fuses 333

M
Magnetic quantities 12, 51
Main equipotential bonding 199
Marine switchgear 373
Material coefficients for protective con-
ductors 205
Measuring devices 727
Mechanical spring-stored energy-opera-
ting mechanism

–  high-voltage devices 455
–  low-voltage devices 321
–  medium-voltage devices 376, 384

Mechanical strength of conductor 
materials 587, 837

Mechanisms
–  circuit-breakers 455
–  disconnectors 439

Melting point of conductive 
materials 588

Metal-clad switchgear 383, 392
Meter panels 346
Metering 732
Metrology 460, 725
Microprocessor control systems 

–  comparison to conventional 
technology 746

–  fibre-optic cables 751
–  function 746
–  solution structure 747

Minimum clearances 174
Minimum cross sections 203
Minimum height 

–  indoor switchgear 181
–  outdoor installations 180
–  live parts 177

Minimum short-circuit current 81
Minimum switching delay 70
MNS switchgear system 353
Modular withdrawable parts 356
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Module of elasticity 36, 37
Moisture content of air 259, 498, 823
Moment of resistance

–  composite main conductors 129
–  flat bars 130
–  general 39, 45
–  steel sections 832
–  U-section busbars 131

Moments of inertia
–  calculation 129
–  flat conductor 130
–  general 5, 45
–  tubes 45
–  U-section busbars 131

Monitor 761
Monitor device 304, 756, 760
Mosaic-type mimic display 763
Mosaic-type mimic panel 761
Motors 

–  circuit breakers 329
–  fusing 66
–  output 66, 357
–  power consumption 66
–  protection devices 324
–  rated currents 66
–  starters 329
–  start-up 324

Multiple conductors
–  conductor layout 89
–  electrical surface-field 

strength 158
–  equivalent radius 89
–  impedance 89

Multiple-computer configurations 759

N
Negative-sequence impedance 70
Negative-sequence system 70
Neper 68
Nesting of busbar conductors 590
Network automation 759
Network control systems 753
Network image 761
Network management 755, 762
Network protection relays 713
Network protection technology, see pro-
tection technology
Neutral conductors 199, 203
Neutral grounding 80
Neutral system 70

Neutral treatment 111
Noise damping 29
Noise measurement 29
Nominal system voltage 69
Non-conventional instrument 

transformers 475
Non-ferrous metals 837
Normal potentials 23
Numbers of equipment 282

O
Ohmic resistances 57
Open circuit release 329
Operating accesses 178, 182, 184
Operational reactance of

–  cables 98
–  three-phase overhead lines 91

Optoelectronic instrument transfor-
mers 475

Outdoor installations, see switchgear
installations

Outdoor post-type insulators 629
Overcurrent protection 333, 839, 717
Overcurrent relays 714
Overcurrent releases 320, 327, 339
Overhead earth wire 219
Overhead line towers, influence on 

–  conductor phase-to-ground 
capacitance 94

–  positive-sequence and negative-
sequence impedance 89

–  zero-sequence impedance 91
Overhead lines

–  DC resistance 94
–  earth current penetration 92
–  electrical surface-field 

strength  158
–  inductance per conductor 89
–  inductive reactance 90
–  insulator strings 637
–  insulators 627, 630, 636, 643
–  multiple conductors 89
–  positive-sequence reactance 92
–  radians 89
–  stranded wire 133, 142, 617
–  zero-sequence impedance 91

Overload protection 320, 333, 339,
564, 672, 714

Overview diagram 294
Overvoltages 113
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P
Parallel coupling 776
Parallel operation of 

–  auxiliary power generators 783
–  inverters 790
–  transformers 562

Parallel resistance of earth electro-
des 221

Parallel switching 60
Peak short-circuit current 69, 74
Peak short-circuit factor 74
PEHLA Guide 390
PEN conductor 199
Permissible stress

–  conductors 128
–  insulators 126
–  steel components 837

Personnel protection 
–  general measures 197
–  MS-Installations 390
–  protective switchgear 340

pH value 26
Physical units 1
Physical values 23
Plug connectors for power cables 696
Positive-sequence impedance/positive-

sequence reactance 
–  cables 96
–  overhead lines 89
–  terms 69
–  transformers 86

Positive-sequence system 70
Potential control 212
Power consumption of electrical 

machines and transformers 66
Power converter substation 545
Power factor 54
Power flow calculation 758
Power loss on conductors 63
Power requirement 254, 762
Power-line carrier telecommunications

509, 518, 766
Premises, electrical 197
Pressure relief 184, 389
Pressure withstand of switchbays 389
Process computer 755
Procontic 740
Programmable controller 740, 746
Properties of conductor materials 587

Proportionality limit 37
Protection against contact by solid 

bodies 263
Protection range of overvoltage 

arresters 487
Protection relays 713
Protection systems

–  busbar protection 715
–  generator unit protection 717

Protection technology 713
Protective barrier clearances 174, 177
Protective measures

–  additional protection 198
–  against direct contact 197, 207
–  conductor cross sections  203
–  conductors  203
–  degrees  263
–  device 177, 207
–  earthing  210
–  equipment  200
–  equipotential bonding conduc-

tors  203
–  for electrical equipment  263
–  for persons and installations 197
–  insulation  201
–  lightning protection  223
–  PEN conductors  203
–  protected zone (lightning protec

tion)  226, 228
–  protective switchgear 339
–  with indirect contact 199, 208

Protective switchgear for household 
and similar uses 339

Puffer-type breaker 452
PYRAMID, substation control system

749, 750

Q
q factor 78
Quick-starting standby generator 

set 784

R
Radiant 3
Radiation constant 22
Rated current 368, 428, 429
Rated fault current 340
Rated pressures of compressed air 

systems 825
Rated torques 615
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Rated values 
–  fuses 334, 379
–  supply voltages 321, 721
–  switchgear 321, 429

Rated voltage 114, 429, 430
Reactance 

–  busbars 102
–  cables 98
–  calculation 80
–  formulas 54
–  induction motor 80, 86
–  overhead lines 90
–  reactor coils 88
–  synchronous machines 84
–  transformers 86

Reactive power 54
Reactive power capacitors 570
Reactive power compensation 571
Reactive-power compensators 

static 547
Reactor coils

–  circuits 568
–  installation 569
–  reactances 88
–  standardised values 88
–  throughput power 567
–  voltage variation 566

Recorders 730, 738
Rectifiers 581
Redundant parallel operation 790
Reference number for transformer 

windings 554
Regulations (directives)

–  AGI worksheets 189
–  IEC and DIN VDE 851
–  PEHLA guide 389

Relay kiosks 486,509
Relays 713
Remote-control switches 323
Residual voltage switchover 795
Resin insulators 628
Resistance

–  alternating current 54
–  conductor materials 59
–  conductors 64
–  electrical 59
–  general 54
–  overhead ground wires 94
–  specific 59
–  various circuits 60

Resistance per unit length of conduc-
tors 65

Resistances
–  additional with cables 97
–  cables 65
–  capacitive with cables 96
–  capacitive with overhead lines 93
–  conductors 102
–  frequency dependence 604
–  ohmic terms 59
–  overhead wires 91
–  temperature dependence 62

Resistor units 579
Ripple control systems 

–  command centre 774
–  coupling 776
–  frequency planning 773
–  impulse 773
–  receivers 777
–  telegrams 772
–  transmitter 775

Ripple-control technology 771
rms value of the alternating current 52
Roadways in switchgear installa-

tions 179, 514
Rod-type switch-disconnectors 375
Room climate conditions 166, 254
Rotary disconnector 432
Round conductor

–  aluminium 604
–  copper 595

S
S.P.I.D.E.R. automation control 

system 760
Safety clearance 177
Secondary installations

–  batteries (fixed) 798
–  compressed air systems 821
–  fast switchover 792
–  fire alarm system 819
–  installation systems 807
–  lighting 813
–  stand-by generating plants 779

Secondary technology 720
Sections for busbars

–  centre-to-centre distance 123
–  current load 592, 596
–  moments of resistance 45
–  resistance, mech. 122, 130

Selective control 723
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Selectivity
–  general 342
–  limit currents 343

Series
–  electrochemical 23
–  thermoelectric 25

Series connection 60
Series coupling 776
Series motors 324
SF6

–  busbar connection 406, 507
–  circuit-breakers 385, 443
–  components 500
–  gas 452, 498
–  generator circuit-breakers 412
–  GIS ranges 498
–  puffer-type breakers 452
–  self-blast breakers 385, 453
–  switches 500
–  switchgear installation design 503

Shear strength 43
Sheet metal, dimensions and 

weights 845
Shipping dimensions 195
Short-circuit 

–  overhead line conductors 139
–  reactor coils 88, 566
–  stresses 122, 133, 145, 146
–  terms 69

Short-circuit breaking capacity
322, 411, 428

Short-circuit current calculation 
–  computer-supported 267, 279
–  examples 103
–  general 69
–  installations 71

Short-circuit current of transformers
86, 556

Short-circuit impedance 
–  asynchronous motors 86
–  calculation formulas 80
–  generators 83
–  network 83
–  reactor coils 88
–  transformers 86

Short-circuit power 73
Short-circuit protection 335, 340, 

342, 345, 380
Short-circuit voltage of transformers

86, 556
Short-circuit withstand current

–  (RCCB)-circuit-breaker 340

–  bar conductors 122
–  cables 145, 149
–  mechanical 122, 133
–  stranded conductors 133
–  thermal 146

Short-line fault 428,447
Short-time current 146
Short-time current density 148
SI base units 1
Single compensation

–  asynchronous motors 575
–  reactive power 571
–  transformers 576

Single-column disconnectors 434
Single-column earthing switches 438
Snap-action mechanism for switches

376
Solid bodies

–  surfaces 48
–  volume 48

Solid-insulated busbar connection 406
Sound pressure level 29
Sound propagation 29
Specific earth resistivity 210
Specific heat 27
Specific heat of conductors 588
Specific resistivity 58, 50, 588
Specific resistivity of soils 220
Specific weight (density) 4, 58
Specifications (standards)

–  AGI datasheets 183
–  IEC and DIN VDE 851
–  PEHLA directives 390

Sprinkler system 194
Stand-by generating plants

–  bypass circuits 790
–  inverters 785
–  stand-by generating set 783
–  standby types 779

Star connection 61
Static reactive power compen-

sators 547
Steady-state short-circuit current

–  calculation 75
–  definition 69

Steel bars 830
Steel conduit thread 850
Steel sections 830
Steel tubes 831
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Steel-angle sections 832
Step voltage 212
Stored-energy mechanisms 364, 

376, 455
Strain portals 514
Stranded conductors 133, 142, 

150, 617
Stranded wire sag

–  busbars 152
–  device connections 154
–  drop force 136
–  earth wire 154
–  horizontal cable displacement 142
–  in outdoor installations 150
–  in the vicinity of terminals 156
–  wire connections 154
–  with insulator breakage 153

Stranded wires (stranded conductors)
–  “hot-wires“ 625
–  Aldrey 622
–  aluminium 618
–  aluminium/zirconium-alloy 625
–  aluminium-steel 620
–  copper 617
–  current-carrying capacity 624
–  E-Al Mg Si 622
–  electrical surface-field strength 158
–  in switchgear installations 509
–  lightning protection 225
–  self-blast breakers SF6 385, 453
–  short-circuit current-carrying 

capability 133
–  technical values 617

Strength of materials 36
Stress on materials 587
String insulators 627
Structural steels 829
Subtransient reactance 70
Supplementary equipotential 

bonding 199
Supplementary resistance with 

cables 97
Support stress

–  factors α, νF 126, 127
–  permissible stresses 124

Support structures 514
Surface earth electrodes 213
Surface treatment 262
Surge arresters

–  characteristic 486
–  in installations 509

–  in SF6 installations 501
–  insulation co-ordination 113, 484
–  MO arresters 482
–  neutral point 486
–  protection range 487
–  selection 484
–  typical values 486

Susceptance 54
SWG (Standard Wire Gauge) 694
Switch, switch-disconnector 

–  fuse links 330, 377
–  general 440
–  high voltage 440
–  low-voltage 330
–  medium voltage 375
–  SF6 installations 500
–  standardised values 430

Switchboards 
–  low-voltage 346, 353
–  marine switchgear 373
–  fix-mounted switching device 386,

396
–  switch-disconnectors 394
–  withdrawable circuit-breakers 392

Switch-disconnector panels 393, 394, 
401, 403

Switchgear apparatus
–  electrical rated values 428
–  high voltage 432, 440, 441
–  low voltage 319
–  medium voltage 375
–  utilisation categories 324, 331

Switchgear assemblies 346
Switchgear installations and distribution

boards for low-voltage 
–  aisle widths 182
–  circuit documentation 282
–  circuit-breakers 320
–  climatic stress and corrosion 

protection 254
–  contactors 323
–  control systems 365
–  design of MNS system 353
–  distribution boards 346
–  fixed part 348
–  fuse-switches 330, 336
–  fuses 333
–  high-power (HRC) fuses 336
–  IEC standards 320, 346
–  insulation rating 113
–  marine switchgear 373
–  MNS modular switchgear 

system 353
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–  motor protection switches 329
–  motor starters 329
–  project planning 275, 371
–  protective switchgear for house-

hold use 339
–  removable part 348
–  requirements 346
–  residual current-operated circuit-

breakers 341
–  selectivity 342
–  switches 319, 330
–  switchgear apparatus 319
–  switchgear assembly 346
–  VDE specifications 320
–  withdrawable part 348

Switchgear installations for high voltage
–  access roads 186, 189
–  aisle widths 178, 182
–  altitude compensation 117
–  arresters 482, 509
–  availability 266, 269
–  busbars 509
–  cable trenches 187, 515
–  cap-and-pin insulators 636
–  circuit configuration 490
–  circuit documentation 282
–  circuit-breakers 441
–  climate resistance 261
–  control cabinets 509, 723
–  corrosion protection 261
–  current transformers 461, 464, 477
–  DC power supply 721
–  DC switchgear installation 541
–  deflection of tubular conductors

156, 510
–  design of outdoor installations 509
–  design of SF6 gas-insulated 

installations 503
–  designs 517, 522
–  dimensioning 271
–  disconnectors 432
–  electrical surface-field strength

158
–  fencing 516
–  fittings 627
–  foundations for outdoor installa-

tions 186, 514
–  grounding switch 427, 438, 439
–  grounding system 210
–  HVDC installation 541
–  HV terminals 511
–  indicators 724
–  instrument transformers 460
–  insulation co-ordination 114, 484

–  insulation rating 119
–  insulators 627
–  layout of hybrid installations 534
–  layout of outdoor installations 517
–  layout of SF6 installations 504
–  lightning protected zone 227
–  lightning protection 222
–  line heights 178, 180, 181
–  long-rod insulators 630
–  measurement 725
–  minimum clearances 175, 176
–  non-conventional transformers

475
–  outdoor installations 508
–  overhead earth wire 219, 221
–  overhead wire 509, 617
–  overvoltages 113
–  power-line carrier communication

509, 518
–  project planning 269
–  protection screens in outdoor

installations 180, 516
–  protective clearances 177, 180,

181, 182
–  rated currents 428, 429
–  rated voltages 428, 429, 430
–  safe working accessories 706
–  sag of stranded wires 150
–  sag of wire conductors 150
–  secondary installations 779
–  secondary technology 720
–  SF6 gas-insulated installations

497
–  SF6 isolated busbar connections

507
–  short-circuit calculation 69
–  strain portals 514
–  stranded wire 509, 617
–  structural requirements 183
–  support structures 514
–  surge arresters 482
–  switching apparatus 427, 432,

440, 441
–  synthetic insulators 628, 643
–  tubular busbars 510, 594, 598,

600
–  voltage transformers 472, 473,

475
Switchgear installations for medium 

voltage 
– accessories 706
–  aisle widths 178, 182
– arcing pressure withstand 389
–  circuit documentation 282
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–  circuit-breakers 382
– compressed air generator circuit-

breaker 415
–  connecting links 405
–  control systems 404
– cubicles 394
–  designs 386
– disconnectors 375
–  distribution network 273
– earthing 708
– earthing switches 376, 392, 708
–  earthing system for high current

424
– enclosed 387, 392, 396
–  fix-mounted switching devices

386, 394
–  fully insulated transformer link 405
–  gas-insulated technology 396
–  generator bus ducts 418
–  generator circuit-breakers 409
–  high-altitude installation 117
– HV fuses 377
–  instrument transformers 460
–  insulation co-ordination 114
–  insulation rating 113
– internal arcing 389
–  Is –limiters 380
– main dimensions 393, 395, 399,

400, 402
– metal-clad and compartmented

386, 392
–  network forms 273
–  PEHLA guides 390
–  personnel protection 399
–  project planning 272
–  safety clearances 177
– SF6 circuit-breakers 385
– SF6 generator circuit-breakers

412
–  SF6 isolated busbar connection

406
–  short-circuit calculation 69
–  short-circuiting accessories 706
– small-oil-volume circuit-breakers

382
–  solid-insulated busbar connec-

tions 406
–  specifications 386
–  structural requirements 183
–  surge arresters 482
– switch-disconnector panels 393, 

394, 401
–  switch-disconnectors 375
–  temperature rise in enclosed 

busbars 167

–  terms, regulations 386
– type-tested 387
– vacuum circuit-breakers 382
– vacuum contactors 385
–  ventilation 161, 164, 425
–  withdrawable circuit-breaker 

technology 383, 393
Switchgear installations, general 

–  AGI worksheets 183
–  air-conditioning 164
–  aisle widths 178, 182
–  altitude compensation 117
–  battery 798
–  busbars 102, 587
–  cable trenches 187, 515
–  circuit documentation 282
–  circuits 490
–  civil construction requirements 183
–  climate resistance 254
–  climatic stress 254
–  compressed air systems 821
–  control 722
–  cooling 164
–  corrosion protection 261
–  degrees of protection 263
–  drawing types 317
–  electrolytic corrosion 23
–  equipment designation 289
–  hybrid design 534
–  installation designation 283
–  instrument transformers 460
–  insulation co-ordination 114
–  insulation rating 113
–  interlocking 721
–  limitation of overvoltages 384, 484
–  minimum clearances 174
–  overvoltages 113
–  PEHLA guide 390
–  project planning 265
–  protective clearances 175
–  secondary installations 779
–  short-circuit current calculation 69
–  surge arresters 482
–  temperature rise 26
–  ventilation 164

Switchgear truck 383, 385, 392, 394
Switching cycles of compressed air

systems 827
Switching overvoltages 113, 384, 484
Symbols, electrical engineering 51
Symmetrical components 70
Synchronizing 731
Synchronous generators 83
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Synthetic-composite insulators 643
System control 753
System control centre 755
System control technology 712, 753,

755
System earthing 199, 212
System types 199

T
T bars, steel 833
Technical lighting quantities 14
Technical values

–  aluminium 8, 587 
–  conductor materials 58, 587
–  copper 58, 587
–  current-carrying capacity 588, 647
–  gaseous substances 35, 845
–  liquid substances 34
–  solid substances 32
–  stranded wires of aluminium 587
–  stranded wires of aluminium-

steel 619
–  stranded wires of copper 617
–  stranded wires of E-Al Mg 622

Telecontrol systems 
–  S.P.I.D.E.R. 766
–  time multiplex (TM) 764

Telecontrol technology 763
Temperature coefficient 58
Temperature distribution within switch 

cabinets 159, 368
Temperature influence 62
Temperature rise

–  enclosed busbars 167
–  insulated conductors 168
–  switchgear cubicles 159

Tensile strength 37
Tensile strength of conductor materials
587
Tension insulators 627
Terminal connection diagram 296
Terminal connections for MV switch-

gear installations 405
Terminal designation transformers 555
Terminal fault 446
Terms

–  CAD/CAE 301
–  grounding 210
–  short-circuit 69

–  switchgear and switchgear 
installations 427

Tested terminal zone 387
Thermal capacity 11
Thermal colors 588
Thermal conduction 27
Thermal conductivity 11, 27
Thermal conductivity of conductor 

materials 588
Thermal expansion of materials 169
Thermal radiation 27
Thermal transfer 27
Thermal withstand of

–  busbars 146, 588
–  cables 150, 641
–  conductors 147
–  transformers 556

Thermocouples 25
Thermoelectric series 25
Threads for bolts 849
Threads, electrical 850
Three-phase current

–  power 54, 66
–  power calculation 64
–  power consumption of machines

66
–  transferable power 64
–  voltage drop 64

Three-phase overhead lines 89
Thyristor-controlled inductance 

(TCR) 548
Thyristor-switched capacitance 

(TSC) 548
Time units 1, 6
Time/current characteristics 335, 340,

343, 378
Time-division multiplex telecontrol 

systems 764
TN system 199
Total grounding resistance 201
Touch voltage 200, 209, 212, 222
Transducers 729
Transformer substation modular, 

prefabricated 536
Transformers

–  assigned impedance 558
–  connection symbols 554
–  continuous short-circuit current

564
–  controller 742
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–  cooling 560
–  efficiency 560
–  fusing 379
–  general 551
–  installation 189
–  losses 559
–  main dimensions 553
–  noise level 565
–  no-load current 559
–  overload capacity 561
–  parallel operation 562
–  protection 564, 714
–  reactance voltage 556
–  resistive voltage drop 86
–  rooms 161, 189
–  short-circuit current 558
–  short-circuit duration 558
–  short-circuit impedance 80, 558
–  short-circuit voltage 80, 86, 566
–  station, see substation
–  structural fireproofing 191
–  terminal marking 555
–  three-winding 87
–  ventilation of transformer compart-

ments 161
–  voltage regulation 742
–  voltage variation 557
–  zero-sequence impedance 87

Transmission technology 766
Tripping characteristic 321, 340
TT system 200
Tubular conductors 

–  continuous current 598, 600
–  deflection 156
–  in installations 510
–  moments of resistance 45

Tubular rods 42
Twelve-pulse converter unit 544
Two-column disconnectors 433, 437
Type-tested switchgear assemblies

347, 352
Type-tested switchgear panels 387
Typical values for 

–  conductor materials 587
–  heat transfer coefficients 160

U
U sections

–  aluminium 598
–  centre-to-centre distance 124
–  current-carrying capacity 598

–  moments of resistance 131
–  steel 836
–  strength 131

Undervoltage release 321, 329
Undulatory current 53
Uninterruptible power set 783
Uninterruptible power supply 785
Unit connection of power plants 410
Units

–  basic units 1
–  electrical, magnetic 12
–  Engl. and US units 18
–  geometrical 3
–  heat 11
–  mass 4
–  mechanical 8
–  multiples and parts 1
–  other still current 16
–  radiological, nuclear-physical 1
–  time 6
–  viscosimetric 10

Units of pressure 8
Units, multiples, submultiples 1
UPS installations 785
US weights and measures 16, 18, 19, 20
Utilisation categories for 

–  contactors and motor starters 324
–  switchgear 332

V
Valency 24
Vector diagrams of AC circuits 55
Vector groups for 

–  three-phase transformers 564
Ventilation

–  high-current busbars 425
–  switchgear installations 161, 165
–  transformers 161

Ventilation of rooms 161
Voltage drop

–  conductors 64
–  reactor coils 566
–  transformers 556

Voltage factor c 72
Voltage regulation in transformers 742
Voltage relays 716
Voltage transformers

–  capacitive 473
–  inductive 472
–  SF6 500
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Voltage variation
–  conductors 64
–  reactor coils 556
–  transformers 556

Volume 30

W
Water content of air 823
Water protection 263
Water protection, oil-catcher

system 190
Water separator 822, 824
"Wenner Method” 222
Wire sag 150

Withdrawable circuit-breaker 392
Withdrawable parts for MNS switch-

gear assemblies 356
Withdrawable-part switchgear- 

design 392
Yield point 36

Z
Zero-sequence impedance 

–  cables 100
–  overhead lines 91
–  synchronous machines 84
–  terms 70
–  transformers 87


