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AC transformer 446-452
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antenna systems 389
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back-up lighting 416
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central battery systems 423-427
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for asynchronous motors 359
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for discharge lamps 359-360
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correction factors
for deviating ambient temperatures
285
creepage distance 345
current carrying capacity 263, 270
of cables 276-280
current selectivity 309, 312, 314
current transformers 121, 123, 124, 133,
135, 140-141, 457
cut-off condition 223
IT system 227
TN system 222-223
TT system 224-226
cut-off currents of overcurrent protective
equipment 229-230
cut-off times  228-229

d

Dahlander circuit 480, 481

damp areas 399

data blocks 405-412

DC current installations

DC cut-off 237

decrement factors 181

differential protection 121, 129-133,
138, 140, 141, 459

differential relays 131-133

direct switch-on 243, 468, 473-475

disconnect switches 260-261

distance protection 121, 130, 133-137,
141, 489

distribution of luminous intensity
405

DMT 129-131

documentation 16, 28, 30, 122, 351

double earth fault 51, 161, 164-166,
188

down conductors 375

dry rooms 399, 400

duty classes 254

21-24

e

Earth 155
current 170-172
electrode 155
fault current 156
resistance 155
rods 175-177

short-circuit current 156

earthing arrangement 21-22, 155

earthing calculation 199-217

earthing conductor 155, 165, 168, 169,
177-178, 189-191

earthing switches 7

earthing system 155, 156, 158, 159, 161,
163-165, 169, 170, 172, 173-175,
178, 183, 184, 186, 187, 193, 217,

347
economic analysis 409-412
efficiencies 406, 412, 459

electric arc 22, 235-241, 249, 251, 257,
259, 260, 315, 476
electrical operating areas 421, 422
electrical water heating 294-300, 15
EMC lightning protection zones
392-395
emergency light fixtures 417, 430
emergency lighting 403, 417, 425, 430
emergency lighting circuits 403
energy law 443
Engineering Services Manual 27
equivalent voltage source 68, 70-72, 488
errors of measuring instrument 228-229
exposure distance 371, 387-389
exterior lighting 413-415
exterior lightning protection 371,
374-392

f

factorn 272

filter circuits 355, 365, 366

floating circuit 417, 432

flood law 441, 442

foundation earthing 157,177, 186-187

frequency transformer 458-459

function class 251, 254

functional descriptions 29

fuse links 260, 261, 312, 348

fuses 13,15, 16, 66,101, 104, 129, 138,
166, 235, 242, 243, 245, 248,
250-257, 260, 261, 284, 309-312,
315, 316, 330, 331, 402, 473, 474,
480

)
garages 400

generator behavior 469
generator node 68, 69, 143, 144, 154



generators 3, 6, 31, 32, 36, 50, 57, 58, 61,
68,72,74,75,79, 87,123,131, 149,
160, 239, 240, 355, 435-440
glare restriction 401
ground electrode
buried ground electrode 381-382
concrete-footing ground electrode
383-385
minimum length 385-386
ring ground electrode 382-383
surface ground electrode 380
ground potential rise 199, 372, 373
ground reference plane 372
ground resistance
buried ground electrodes 380
of ring ground electrodes 382-383
ground termination network 372
grounding resistance 175, 176,
190-192, 224-228, 379, 385,
386-387, 488
grounding system 159, 199-204,
206, 371, 372, 374, 375,
379-386, 389
grouped battery systems
groups of motors 76, 78

427-429

h
harmonics 11,13, 168, 355-365, 367
hoisting gear 403

I

idle voltage 448, 449

IEEE Std. 80 157, 178-182, 190-194,
199, 203-217

illuminance distribution curves
407

illumination level 400, 401

impedance corrections 58, 79-81,
111-112

impedance phase angle 224

induction law 31, 442

inductor-capacitor units

influenced short-circuit current

initial short-circuit 67

initial symmetrical short-circuit 12, 58,
59,71, 73, 74, 76, 78, 79, 82, 89,
161, 272

installation schedule 30

interior lighting  399-400

363-365
343

Index

interior lightning protection 371,
392-397

iron 10, 141, 443, 445, 446, 449, 451, 459,
460, 463, 465, 466

iron losses 10, 449, 451, 459, 465

Isolated earthing 162-163

IT Systems 222, 226-228, 333, 487
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lamps 399
discharge lamps  359-360
low-voltage halogen lamps
415-416
layout of overload protection equipment
265, 266
let-through energy 249, 267, 303
light fixtures 399, 400, 402-409,
412-414, 417,419, 421, 424, 426,
428-430, 432
lightning protection class
388, 390
lightning protection system 15, 27, 199,
217, 371-397
line length 92, 266, 294, 295, 321,
330-335, 416
liquid-level circuit -breakers 259
load factor 10, 275, 276, 302, 349-351,
459, 486
load interrupter switches
load node 68, 69, 143-151
load profiles 9-10
load switch 242
loading 239, 241, 249, 251, 260, 263, 275
284, 306, 355, 356, 358, 415, 454,
472
loading capacity
under fault conditions 271-273
under normal operating conditions
270-271
localized lighting 400
location diagram 29
loop impedance 83-85, 134, 222-226,
229, 487, 488
loop resistance 90, 228-232, 293, 485
low-voltage halogen lamps
415-416
low-voltage systems 9, 10, 197, 217, 235,
324,347, 383, 397
luminous flux distribution 405-406

371, 373-374,
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magnetic dispersion 443

main earthing bar 156

main protection equipment 248-249

main switch 242, 244, 249, 251

mark of origin 401, 408-409

material lists 30

medium voltage 1, 3,5, 6,8, 28,29, 73,
120, 138, 140, 141, 184, 197, 260,
261, 312, 329, 441, 488

meter mounting boards 248, 249-251,
294, 295, 297, 299, 334, 335

modelling 401

motor behavior 469

motor gear system 472-473

motor protection 103, 105, 138, 243, 244,
473,482

motor protective relay 474, 477, 479,
480

motor protective switches 242-244

n

negative-sequence 76, 83

network diagram 29

network feeders 73-74

neutral earthing 156, 158, 160-166,
173

Newton-Raphson procedure 151-154

normal lighting 400, 417

normal workplace-oriented lighting
400

Numeric Protection Relays 122-123

o

open air systems 399

operating areas subject to explosion
hazards 400

operating areas subject to fire hazards
400, 403

operating errors of measuring instrument
228, 229

overcurrent 263

cut-off currents  229-230
protection 4, 16, 22-23, 29, 81, 86, 87,

90, 97, 122, 124-129, 130, 135, 222,
232,235-262, 296-298, 305, 306,
329, 330, 339,473

overhung constructions

overview diagram 29

403

overvoltage arresters 240, 393-395,
397

overvoltage protection 371, 395, 459

p

parallel resonant circuit
PE conductor 84,157
peak short-circuit 12, 59, 65-66, 71, 76,
85, 88, 251, 255
peak short-circuit current
71, 76, 85, 251, 255
planning values for networks 14, 15
positive-sequence 75, 76, 78, 79, 82, 83,
331
potential control 156
potential grading ground electrode 372,
373
power
apparent 356
effective 356-357
reactive  356-357
power circuit-breaker 256-258, 264, 266,
302, 310, 312-319
power demand 12
power factor 12, 148, 242, 257, 260, 324,
355, 356, 359, 366, 368-370, 449,
459, 480, 489
power flow 143-154, 196
power loss 10, 349, 350, 351-353, 355,
412, 416, 443, 449, 488
power station blocks 80, 81
protection
by cut-off 222-234
against electric shock 219-234
against overload 263
against short-circuit 263
protective circuit-breakers 244
pull-up torque 470

360, 362

12, 59, 65-66,

r

radial system 8,9, 11

rated

short-time current 264

rated current 140, 161, 222, 231, 242,
243,247,251, 253, 254, 256, 263,
264, 271, 279, 280, 294, 296-299,
309-312, 315, 321, 329, 331, 333,
338, 344, 345, 349, 350, 352, 353,
454, 477, 486



rated current rule 264
rated load 281, 282, 348, 451, 471

rated short-time current density 263, 303

rated torque 29, 471, 480

rated voltage 28, 76,117, 163, 221,
223-225, 227, 241, 242, 253, 257,
269, 343, 347, 358, 446, 455, 457,
460

RCD (residual current protective device)
245-247

reactive current
469

reactive power
97-101, 143-146, 153, 355-370,
435,439, 443

recognition width 417, 419

reflection factors

relays 119-124, 126-130, 133, 134, 141,
161, 310, 457, 480, 489

remuneration guidelines 27-28

residual earth fault current 156

resonant circuits 360

resonant earthing 163-164

room shielding 392

rooms with limited conductivity 402

rotor frequency 471

routing diagrams 29

97,99, 355, 357, 467,

L)

safety and standby lighting 416-422,
432

safety lighting 417-421, 423, 425-427,
429, 430, 432

sauna facilities 402
selecting light fixtures 402
selectivity 4,15, 16, 101, 121, 124, 126,
130, 133, 141, 226, 248, 299,
309-319, 401
series resonant circuit
series resonant filter circuits
shielding
building shielding 392
equipment shielding 392
room shielding 392
shielding angle 373, 375
shock hazard protection 331
short-circuit
category 258-259
current 57,263, 343, 451

360, 361
365, 366

13, 16, 38, 39, 45-47, 61,

401, 403, 404, 406, 412

Index

impedance 57, 65, 66, 72-81, 82, 84,
300, 451
strength 87-89, 197, 253, 265, 271,
272,275, 303-304, 348
short-circuit types 59
single-pole ground fault 59
three-pole short-circuit 59
two-pole short-circuit with contact to
ground 59
two-pole short-circuit without contact
to ground 59
short-line fault 240
single battery systems 429-432
single-phase 32, 38, 49, 51, 52, 68, 70,
82-83, 88, 114, 148, 329, 359, 449,
452,454, 468, 471
single-pole short-circuit 58, 78, 81-84,
91-94, 99, 114, 160, 196, 224, 268,
300, 304
slack node 143-147,152, 154
slip 31, 76, 435, 467-469, 471, 472, 479,
485
smart grid 1, 2, 25-26
soft starters 481-483
soil resistivity 182-184, 193, 199,
203-205, 372, 381, 382,
386, 387
source impedance 84, 223, 333-335
space allocation requirements for
distribution cabinets 261, 262
speed control 479-480
speed-torque characteristic 469-471
stand-by circuit 417
stand-by lighting 417
star connection 36-38, 41-43,
47-48, 452, 475-477, 479,
480, 484
star delta startup 468, 474-479
start-up 473-479
startup torque 470
static compensation 365
in series 367-368
thyristor-controlled 366
thyristor-switched 366-367
Static Protection Relays 122

steady-state short-circuit current 59, 76,
87, 88
step voltage 157,159, 162, 172, 192, 200,

204, 207, 212, 371, 373
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substation 6,119, 155-217, 368
substation earthing 155-217
superposition method 68, 69
swimming pools and baths 399, 402
switchgear combinations 343-353
switching angle 61
symmetrical breaking current 76,
85-87
synchronous machines
74-75, 86, 87
system power 25, 405
systems in furniture 403

31, 32, 58,

t
temperature limit 266, 352
terminal and cross-connection diagrams
29-30
thermal short-circuit strength
272,275
thermal strength 90, 168-169
thermistor protection 459, 481
three phase power 38-39, 369, 467
three-phase 49
system 31
transformer 452
three-pole short-circuit 59, 67-68, 70,
72,76, 81-82, 88, 96-97, 196, 240,
245, 268, 317, 488
time selectivity 309, 311-312
time-current characteristics
for circuit-breakers 245
for DIAZED (NH) fuses 254
for fuse links 261
for gG fuses 254
of power circuit-breakers 258
of selective circuit-breakers (SLS)
249
TN system 21, 101, 195, 222-224, 228,
230, 394, 488
torque 29, 438-439, 468-480, 489
touch voltages 155,157, 159, 169-173,
175, 179-180, 184, 192, 194, 207,
217, 219, 226, 228, 231-232, 242,
372, 487-488

transformer 119, 121, 123, 124, 133, 135,
140-141, 441-466, 489

transformer principle 443-444

transient voltage 240-241, 257

translation 448, 460

triangle circuit 37-38

tripping rule 264, 302, 305

TT systems 16, 222, 224-226, 231, 233,
247,394, 488

"4

vacuum circuit-breakers

VAr controller 355

vector group 452, 454-455, 460, 489

voltage drop 12, 16, 25, 44-45, 97-98,
101, 105, 107, 117, 265, 294,
298-299, 301, 307, 321-341, 358,
369, 416, 437, 443, 485-486, 488

voltage factor 58, 63, 72-74, 80, 82-83,
224,332,488

voltage quality 13, 68, 360-365

voltage ranges 221

voltage transformer
489

7,259

119, 121, 457-458,

w

warming 350

weak current systems 30

wet areas 399

winding 10, 31, 66, 67, 75-76, 78, 80,
119, 124, 140, 245-246, 360, 366,
436-437, 441-443, 445-447, 449,
451-454, 457, 459-460, 463-464,
467-469, 473-475, 479-481

X
XGSLab  199-200, 204

z
zero-sequence 75-76, 79, 83, 85, 93-94,
159, 226, 228, 331-332



