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Acceleration 60
 
Acceleration torque
 

drive train 108
 
generator 107
 
wind turbine 107
 

Acquisition costs 388
 
Active power 301
 

drooping characteristic 311, 312
 
Active power flow 288
 
Active power operation 22]
 
Active stall regulation 24
 
Adjustment motor 69
 
Adjustment processes
 

at the rotor blades 334
 
Adjustment system 69
 
Adjustment task 300
 
Aerodynamic brakes 91
 
Air damping 75
 
Air-gap reactance 128
 
Airflow 37
 
Airflow behaviour at the rotor blade
 

laminar flow 100
 
stalling 100
 

Airflow direction 55
 
Airstream 33
 
Airstrip turbulence 138
 
Amplitude spectra of output 250
 
Anisotropy
 

of the rotor 149
 
Annual available power 373
 
Annual energy yield 376
 

Annual monetary yields 391
 
Annual yield 379
 
Annuity method 393
 
Area utilization plan 400
 
Assessing
 

harmonic feedback 134
 
Asynchronous generator 123, 162
 

with dynamic slip control 324
 
with oversynchronous 320
 
3-phase short-circuit 153
 
power converter cascades 322
 

Asynchronous harmonic rotary field torque 139
 
Asynchronous machine
 

with adjustable reactive 131
 
efficiency 193
 
no-load current 192
 
nominal slip 137
 
power delivery 133
 
power factor 193
 
starting current 192
 

Asynchronous three-phase motor 94
 
Availability 122
 
Available wind energy 375
 
Axis
 

horizontal 47
 
vertical 47
 

Back-up plants 123
 
Bearing currents 174
 

caused by the pulse-controlled a.c. converter 174
 
in frequency converter operation 174
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Bearing forces 75
 
Betz 33
 
Biot-Savart 32
 
Bipolar transistors 206
 
Blade angle 38
 
Blade axis 70
 
Blade axis of rotation 70
 
Blade bending 72
 
Blade contour 54, 55
 
Blade element method 34
 
Blade outline 55
 
Blade pitch angle 55, 70
 

definition 36
 
variation 69
 

Blade pitch control 308
 
Blade pitch control circuit 345
 
Blade pitch control mechanism 80
 
Blade pitch regulation 81
 
Blade pitch speed control circuit 344
 
Blade positioning model 77
 
Blade positioning system
 

design 92
 
electrically driven 88, 89
 

Blade stall 59
 
Blade tip 38, 55
 
Blade tip speed 50
 
Block diagram 271
 

dynamic slip control 330
 
BPT, see Bipolar transistors
 
Breakdown moment 137
 
Breakdown slip 135, 137
 
Breakdown torque 134
 
Building laws 400
 
Bypass control 305
 

Cage rotor 125
 
Capacitive coupling 174
 
Capacitive earth currents 174
 
Capacity utilization 288
 
Capital value method 393
 
Centrifugal force regulator 82
 
Centrifugal governor 303
 
Centripetal acceleration
 

due to blade rotation 63
 
due to yawing 62
 

Change in grid voltage 154
 
Characteristic adaptation
 

generator frequency variation 146
 
Characteristic values of synchronous
 

machines 193
 
Circle diagram 163, 168
 

asynchronous machine 130
 
synchronous machine 130
 
u; 163
 

Class yield 375, 379
 

Clock frequency 208
 
Combined grid 287
 
Combined operation 300
 
Commissioning 200
 
Commutation 208, 209
 
Comparison of parameters of motor and
 

generator-type asynchronous 
machines 170
 

Compatibility level 262
 
Compensatory measures 399
 
Complex
 

landscape structures 381
 
orography 379
 

Component loading 309
 
Components
 

tangential 36
 
Connection
 

antiphasal 151
 
cophasal 151
 
excited 152
 

Connection conditions 200
 
Constraints on the generator 119
 
Construction
 

asynchronous generators 125
 
synchronous generators 126
 

Consumption values 298
 
Control
 

of double-fed asynchronous generators 320
 
of fixed-speed wind turbine 332
 
in isolated operation 309, 310
 

Control characteristics 297
 
Control circuit for blade pitch adjustment 343
 
Control circuits 342
 
Control concepts 309
 
Control dynamics 303
 
Control principles 302
 
Control procedures 60
 
Control range 306
 
Control system types 300
 
Controlled rectifier 217
 
Controlled wind energy supply 299
 
Controller design 331
 
Controller parameters 334
 
Conversion stages 28
 
Converter designs 212
 
Converter systems 20 I, 213
 
Coriolis acceleration 64
 

of a rotor blade 64
 
Coriolis moment 64
 
Cost relationship 189
 
Costs
 

of asynchronous machines 190
 
of synchronous machines 191
 

Cumulative curve 376
 
Cumulative yield 379
 

Current circle diagram
 
asynchronous machine 130
 
synchronous machine 130
 

Cut-in procedures 147
 
Cut-in speed 38
 
Cut-out procedures 147
 

Damping 
of the moved air 75
 

Damping cage 149
 
Damping coefficient 79
 
DCIDC converter 217
 
Delay time 127
 
Delivery of energy 122
 
Demands
 

on generator 119
 
on generator use 119
 

Design aspects 162
 
Design tip speed ratio 54
 
Desired value correction 313
 
Diesel unit 298
 
Differential equation 77
 
Dimensioning issues 147
 
Dimensioning of controllers 3·
 
Direct-axis reactance
 

of synchronous machines I' 
Direct-axis subtransient reactant 

of synchronous machines I(
 
Direct converter 125, 203
 
Directives
 

FGW 291
 
VDEW 297
 

Disturbance factor 32
 
Double air gap designs 188
 
Double-fed
 

asynchronous generators 31: 
asynchronous machine 319
 

Double generator configuration
 
Downwind 46
 
Drag coefficient 38
 
Drive moment
 

generator 107
 
Drive torque
 

wind turbine 37
 
Drive train
 

conventional 104
 
data 1/0
 
gearless 104
 
junctions 172
 
loading 138, 141
 
mechanical 102
 
shock moments 121
 

Dwell torques 122
 
Dynamic effects at the turbine
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Current circle diagram
 
asynchronous machine 130
 
synchronous machine 130
 

Cut-in procedures 147
 
Cut-in speed 38
 
Cut-out procedures 147
 

Damping 
of the moved air 75
 

Damping cage 149
 
Damping coefficient 79
 
DCIDC converter 217
 
Delay time 127
 
Delivery of energy 122
 
Demands
 

on generator 119
 
on generator use 119
 

Design aspects 162
 
Design tip speed ratio 54
 
Desired value correction 313
 
Diesel unit 298
 
Differential equation 77
 
Dimensioning issues 147
 
Dimensioning of controllers 342
 
Direct-axis reactance
 

of synchronous machines 195
 
Direct-axis subtransient reactance
 

of synchronous machines 196
 
Direct converter 125, 203
 
Directives
 

FGW 291
 
VDEW 297
 

Disturbance factor 32
 
Double air gap designs 188
 
Double-fed
 

asynchronous generators 318
 
asynchronous machine 319
 

Double generator configuration 173
 
Downwind 46
 
Drag coefficient 38
 
Drive moment
 

generator 107
 
Drive torque
 

wind turbine 37
 
Drive train
 

conventional 104
 
data 110
 
gearless 104
 
junctions 172
 
loading 138, 141
 
mechanical 102
 
shock moments 121
 

Dwell torques 122
 
Dynamic effects at the turbine 333
 

Economic considerations 387
 
Economic operation 372
 
Economic potential 383
 
Economic viability 391
 
Efficiency
 

of asynchronous machines 193
 
of synchronous machines 195
 

Elasticity 137
 
Electrically driven turbine yaw system 66
 
Electricity generation costs 390, 392
 
Electricity supply systems 298
 
Electrohydraulic speed regulation 304
 
Electromagnetic compatibility 225
 
EMC, see Electromagnetic compatibility
 
Emergency shut-down 363
 
Employment figures 387
 
Energie-Wirtschafts-Gesetz (EnWG) 291
 
Energy conversion 300
 
Energy conversion systems
 

mechanical-electrical 124
 
Energy converter systems 123
 
Energy costs 393
 
Energy draw 298
 
Energy feed 297
 
Energy flow 298, 299
 
Energy input 298
 
Energy management 297
 
Energy predictions 373
 
Energy transmission 298
 
Energy yield 371,378,379
 
Energy yield forecast 375
 
Energy yield prediction 373
 
Environmental testing 395
 
Equations of motion 77
 

of the blade 77
 
Equivalent circuit
 

asynchronous machine 128
 
asynchronous machine, simplified 129
 
synchronous machine 128
 
synchronous machine, simplified 129
 

Equivalent circuit diagram 
for synchronous machine in short-circuit 176
 

Erection of wind turbines 403
 
Erneuerbare Energien Gesetz 390
 
European Wind Atlas 379
 
Excitation current 128, 129
 
Excitation device 125
 
Excitation status 131
 
Exciter 126
 
Exciter losses 123
 
External rotor design 183
 

Family of characteristics 144
 
Fast positioning procedures 96
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I converter 204
Fault indication 299 Generator torque 142
 
IGBT, see Insulated gate bipolar 

Fault shut-down 363 Generator voltage 
Fault prediction 368 Generator-type design 163
 

IGCT, see Integrated gate comrm
 

Faults 363 sinusoidal 179
 Immission protection 396
 

Feed tariff 394 trapezoidal 179
 Immobilization 362
 

Field-oriented currents 321 Global wind conditions 371
 Impedance path 272
 
Improving the control characterisl 
Increase of short-circuit power 

Filter design 276 Graph showing grid voltage 290
 
Filters 274 Grid abnormalities 153
 

Indirect converter 204, 214
 Fixed-speed wind turbine 307 Grid connection 150, 154, 168, 200, 20 I,
 
Flicker 252, 259 305, 384
 Inertia 69
 

Flicker disturbance factor 259 fixed-speed 324
 Inertia of accelerating air masses
 
Infrasound 397
Flicker phase angle 260 of wind turbines 200, 230
 

Flow
 Initial symmetrical short-circuit pcGrid connection rules 291
 
around blade roots 38
 Inputs 32
Grid connection time 10I
 
around blade tips 38
 Inspection procedure 401
Grid control 284, 285
 

Flow cross-section of the turbine 59
 Installation 109
Grid control unit 290
 
Forces 37
 Installation of turbines 395
Grid coupling
 

dri ve torque-generating 36
 Insulated gate bipolar transistors rigid 123
 
on the rotor blade 333
 Integrated gate commutated thyrist Grid disconnection 228
 

Forecasting 247
 Integration 297

Grid disturbance 147
 

Form parameter 374
 Internal rotor design 183
Grid effects 236
 
Four-generator configuration 173
 Inverter coupling 123


Grid feedback 200
 
Frequency 123,301
 Inverter mode 210


Grid operation 300, 304
 
Frequency behaviour of wind power plants 248
 Inverter stability limit 211


Grid protection 228
 
Frequency control 313
 Investment costs 388


Grid reactions 309
 
Frequency converter
 Iron losses 128
 

Grid regulation unit 286
 
Isolated operation 234
grid-commutated 125
 Grid short-circuit 153
 

self-commutated 125
 Grid short-circuiting power 229
 
Frequency converter concept Jet effect 379
 

with sinusoidal voltage 224
 
Grid-side pulse-controlled inverter 319
 
Grid-specific filter layout 278
 

with step-up converter 225
 Grid state variables 301
 
KloB's equation 136
with trapezoidal voltage 225
 

Grid support 285, 321
 
Frequency-converter-dependent circulating 

Grid surveillance 366
 
currents 175
 Labour-intensity 387
Grid voltage 

Frequency fluctuations 303
 Landscape 398
changes 154

Frequency maintenance 300
 

Landscape conservation 398
Grid voltage desired value 311

Frictional moment Landscape structure 379
GridCode 2000 291


in blade bearings 74
 Large-scale test 377
GTO Thyristor, see Gate turn-off 
load-dependent 73
 Leakage 136
thyristor

Froude's theorem 34
 Leakage reactance Gustiness 372

Full-load operation 360, 361
 rotor 128
 
Functional chain 28
 stator winding 128
 
Functional structures 19, 29
 Harmonic absorber filters 277
 Legal aspects 395
 
Fundamental frequency 134
 Harmonic behaviour 326
 Lift 36
 
Fundamental-frequency field 134
 Harmonic distortion factor 264
 Lift coefficient 37, 38
 
Fuses 228
 Lift force 36, 72
 Harmonic voltage 280
 
Fuzzy controller 347
 Harmonics 123,260,261 Lightning protection 366
 

Hellman exponent 46
 Line commutation 209
 

Gate turn-off thyristor 205 Hub
 Linearizing 338
 

Gaussian normal distribution 374 cone-hinge 51
 Lines of development 178
 

General development plan 400 rigid 51
 Load characteristic 284
 

Generator 119 teetering 51
 Load flow 286
 
Load management 298
 

Generator short-circuit 147, 152 Hydraulic blade pitch adjustment 82-5
 
with power converter 142 Hub design 50
 

Load moment
 

Generator simulation 155 Hydraulic turbine yaw system 66
 at the asynchronous generator 16
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I converter 204
 
IGBT, see Insulated gate bipolar transistors
 
IGCT, see Integrated gate commutated thyristor
 
Irnmission protection 396
 
Immobilization 362
 
Impedance path 272
 
Improving the control characteristics 346
 
Increase of short-circuit power 231
 
Indirect converter 204, 214
 
Inertia 69
 
Inertia of accelerating air masses 75
 
Infrasound 397
 
Initial symmetrical short-circuit power 229
 
Inputs 32
 
Inspection procedure 40 I
 
Installation 109
 
Installation of turbines 395
 
Insulated gate bipolar transistors 206--7
 
Integrated gate commutated thyristor, 205-7
 
Integration 297
 
Internal rotor design 183
 
Inverter coupling 123
 
Inverter mode 210
 
Inverter stability limit 211
 
Investment costs 388
 
Iron losses 128
 
Isolated operation 234
 

Jet effect 379
 

KloB's equation 136
 

Labour-intensity 387
 
Landscape 398
 

Landscape conservation 398
 
Landscape structure 379
 
Large-scale test 377
 
Leakage 136
 
Leakage reactance
 

rotor 128
 
stator winding 128
 

Legal aspects 395
 
Lift 36
 
Lift coefficient 37, 38
 
Lift force 36, 72
 
Lightning protection 366
 
Line commutation 209
 
Linearizing 338
 
Lines of development 178
 
Load characteristic 284
 
Load flow 286
 
Load management 298
 
Load moment
 

at the asynchronous generator 161
 

Local wind conditions 373
 
Long-time behaviour 243
 
Longer-term flicker level 259
 

Machine cost
 
per kW 115
 
per m2 116
 
per Nm 116
 

Machine data 188
 
Machine-dependent losses 46
 
Machine mass 110
 
Machine-side pulse-controlled inverter 319
 

Machines
 
brushless 126
 
concentric 47
 

Main generator 126
 

Maintenance and repair costs 388
 
Maintenance cost 128, 388, 389
 
Managementrange 306
 

Management system 297,352,353
 
Marginal vortex 38
 

Marginal vortex loss 38
 
Mass
 

of asynchronous machines 189
 
of synchronous machines 190
 

Mass relationship 189
 

Material costs 185
 
Maximum moment
 

nonsalient pole machine 152
 
Maximum noise level 396
 
MCT, see Metal oxide semiconductor-controlled
 

thyristor
 
Mechanical regulation processes 309
 
Mesoskala model 379
 

Metal oxide semiconductor-controlled thyristor 206
 
Metal oxide semiconductor field-effect
 

transistor 206
 
Model
 

simplified 81
 
Moment of inertia 94
 
Moments
 

damping 107
 
due to the acceleration of air masses 76
 
due to air damping 76
 

due to blade bending 73
 
due to lift forces 72
 
due to rotor teetering 72, 74
 
on the rotor blade 69, 333
 
for rotor blade pitch adjustment 78
 
torsion--elastic 107
 

Monitoring systems 364
 
MOSFET 206
 
Motorized run-up 148
 

of synchronous generators 149
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Nacelle 2
 
Nacelle mass
 

per kNm 113
 
per kW 112
 
per m2 112
 

Nature conservation 398
 
Neural network 351
 
No-load current
 

of asynchronous machines 192
 
No-load desired value 311
 
No-load losses 123, 162
 
Noise immission 397
 
Noise limit value 397
 
Noise propagation 396
 
Nominal slip 138, 168
 
Nominal torque 134
 
Nonsalient pole rotor 126
 
Normal positioning procedures 95
 
Normal wind year 374
 
Number of rotor blades 52, 54
 

Obstacles 379
 
Offshore 384
 
Offshore plant 385
 
Offshore wind power exploitation 385
 
Open-circuit current 128
 
Operating costs 389
 
Operating ranges
 

asynchronous generators 128
 
asynchronous machine with load
 

compensation 133
 
asynchronous machine with no-load
 

compensation 133
 
dynamic 103
 
synchronous generators 128
 

Operating states 353
 
steady-state 354
 
transient 354
 

Operator of the transmission grid 291
 
Optimum output 316
 
Optimum wind power 147
 
OptiSlip® 328
 
Ordinal number 134
 
Orography 373, 379, 383
 
Oscillation damper 142
 
Oscillation monitoring 366
 
Output behaviour 237, 248
 

of wind power plants 237
 
of wind turbines 237
 

Output fluctuations 237
 
Output gradients 237
 
Output power
 

electrical 130
 
Output smoothing 239, 242
 
Output variables 297
 

Output/rotational speed characteristics 103
 
Outputs 32
 
Overload protection 147
 
Overspeed 364
 
Overtemperature 364
 
Overvoltage 236
 
Overvoltage protection 319
 

Parallel operation of frequency converters 222
 
Parasitic torque 140
 
Part-load operation 358, 359
 
Peak moment 153
 
Performance characteristic 101
 
Performance characteristics from measurements 163
 
Performance coefficient 34,40,41,48,50, 142
 

approximating 44
 
determining 43
 

Performance control 123
 
Peripheral speed
 

of turbine 55
 
Permanent-magnet synchronous machine
 

with axial air gap field 183
 
with radial air gap field 180
 

Phase-control reactive power 211
 
Phase shifter 131
 
Pilot exciter 126
 
Pitch angle 55
 
Pitch regulation 24
 
Pitch-regulation mechanism
 

using rotating masses 82
 
Pitch regulator drive 80
 
Pitch-setting mechanism 88
 
Pitch setting system
 

moment of inertia 93
 
Pitch variation mechanism 69
 
Planning 401
 
Planning permission 401
 
Plants
 

with blade pitch adjustment mechanism 303
 
with load management 303
 
without blade pitch adjustment mechanism 302
 

Point of common coupling 254
 
Positioning drive 96
 

design 96
 
power 96
 

Potential 383
 
Potential for expansion 385
 
Power
 

for positioning 95
 
Power absorbed
 

mechanical 130
 
Power conditioning 201,226
 
Power control 60, 102
 
Power converter 202, 207
 
Power-dependent loss modelling 47
 

Index 

Power duration curves 245
 
Power factor
 

of asynchronous machines
 
Power factor 200
 
Power graph 377
 
Power limitation 59
 
Power reserves 297
 
Power-rotational speed character;
 
Power semiconductor 204
 
Power-speed diagram 176
 
Power supply 388
 
Power variation 46
 
Prediction model 246
 
Privileged plant 40I
 
Propeller moment 71,335
 
Protective gear 200
 
Protective measures 226
 
Pull-up torque 134
 
Pulse-controlled inverter 219
 
Pulse number 208
 
Purchase costs 388
 

Quality criteria 350
 

Rapid auto-reclosure 147, 154, 2
 
Rayleigh distribution 373
 
Rayleigh distribution function 37
 
Reactive power 123, 301
 

compensation 200, 221
 
control 123
 
delivery 123
 
flow 288
 
operation 221
 
power drooping characteristic 
regulation system 319
 

Rectifier mode 210
 
Rectifiers 216
 
Redemption period 393
 
Reduction of loads 123
 
Regulation 2
 

of a small wind turbine 315
 
of Variable-slip asynchronous ger
 
of Variable-speed turbines 316
 

Regulation processes
 
mechanical 309
 

Relative motion
 
of rotating blades 61
 

Remedial measures
 
against grid effects 274
 
against grid resonances 274
 

Remote interrogation 299
 
Repowering 385
 
Requirements 162
 

of conversion systems 178
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Power duration curves 245
 
Power factor
 

of asynchronous machines 193
 
Power factor 200
 
Power graph 377
 
Power limitation 59
 
Power reserves 297
 
Power-rotational speed characteristics 142
 
Power semiconductor 204
 
Power-speed diagram 176
 
Power supply 388
 
Power variation 46
 
Prediction model 246
 
Privileged plant 40 I
 
Propeller moment 71.335
 
Protective gear 200
 
Protective measures 226
 
Pull-up torque 134
 
Pulse-controlled inverter 219
 
Pulse number 208
 
Purchase costs 388
 

Quality criteria 350
 

Rapid auto-rec1osure 147, 154, 234, 363
 
Rayleigh distribution 373
 
Rayleigh distribution function 373
 
Reactive power 123,301
 

compensation 200, 221
 
control 123
 
delivery 123
 
flow 288
 
operation 221
 
power drooping characteristic 311
 
regulation system 319
 

Rectifier mode 210
 
Rectifiers 216
 
Redemption period 393
 
Reduction of loads 123
 
Regulation 2
 

of a small wind turbine 315
 
of variable-slip asynchronous generators 316
 
of variable-speed turbines 316
 

Regulation processes
 
mechanical 309
 

Relative motion
 
of rotating blades 61
 

Remedial measures
 
against grid effects 274
 
against grid resonances 274
 

Remote interrogation 299
 
Repowering 385
 
Requirements 162
 

of conversion systems 178
 

Resistance 
stator winding 128
 

Resonance effects 269
 
Restoring torque 71
 
Rotary field 123
 
Rotating field generator 123
 
Rotating pointer 319
 
Rotational flow 35
 
Rotor blade
 

bent 57
 
loading 50
 
transport 59
 
twist 56
 

Rotor blade acceleration 60
 
Rotor blade geometry 52
 

optimal 55
 
Rotor blade manufacture 56
 
Rotor blade moments 60
 
Rotor blade pitch variation 69
 
Rotor blade positioning 80
 
Rotor blade shape
 

optimal 55
 
rectangular 55
 
trapezoidal 55
 

Rotor current 128
 
Rotor performance coefficient 59, 60
 
Rotor voltage
 

field-oriented 319
 
Roughness 378
 

of the landscape 371
 
Run-up time 97
 
Run-up time constant 107, 110
 
Run-up torque 122
 
Running-up 356, 357
 

Safety monitoring 299
 
Safety systems 80, 365
 
Salient pole machine 153
 
Salient-pole rotor 126
 
Saturation state 162
 
Scaling factor 374
 
Scherbius principle 322
 
Screw connections 109
 
Secondary costs 388
 
Security of supply 122
 
Self-commutated systems 212
 
Self-tuning control system 349
 
Semiconductor diodes 205
 
Separately excited salient pole machine
 

with radial air gap field 179
 
Servicing costs 389
 
Shadow casting 397, 398
 
Shadow casting periods 398
 
Shadowing 399
 
Shadowing losses 379
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Shaft voltages 175
 
in frequency converter operation 174
 

Sheet metal blades 50
 
Shock moments
 

to the drive train 121
 
Short-circuiting power 229
 
Short-circuits 364
 
Short-term flicker level 259
 
Short-time behaviour
 

in an isolated system 248
 
of a wind farm 237
 

Shut-down 362
 
Simpson's rule 39
 
Simulation results 157, 158, 160
 
Single-bladed turbine 54
 
Site analysis 383
 
Site category 374, 378
 
Site survey 373
 
Slip 123
 

increase 138
 
Slip control 325
 

dynamic 139
 
Slip ring 127
 
Slip ring rotor 126, 169
 
Smoothing
 

of output 239
 
Soft start 155
 
Specific annual energy yield 378
 
Speed of flow
 

swirl-free 33
 
Speed regulation 300, 303, 312
 
Speed variation 102
 
Sphere of management 298
 
Stall operation 99
 
Stall regulation 24
 
Standalone operation 300
 
Standard values for wind turbine systems III
 
Standardizing 338
 
Standstill 354
 
Start-up 354
 

speed 147
 
time 92
 

Starting current
 
of asynchronous machines 192
 

Starting devices 154
 
Starting torque 134
 
State determination 364
 
State monitor 350
 
State variable 32
 
Stator current 128
 

during the short-circuit of a synchronous 
machine 177
 

generator mode 131
 
motor mode 131
 

Stator voltage 128
 

Steady-state stability 145
 
Storage plant 122
 
Stromeinspeisungsgesetz 390
 
Structure
 

mechanical drive train 108
 
mechanical drive train (simplified) 109
 
for rotor blade pitch adjustment 78
 
synchronous generator 126
 

Studies on potential 384
 
Subharmonics 260
 
Summed frequency
 

of the wind speed 374
 
Supplier characteristic 284
 
Supply line 215
 
Surface structure 383
 
Surveillance computer 367
 
Swirl effects 39
 
Symmetrical optimum 346
 
Synchronization devices 154, 155
 
Synchronous generated voltage 129
 
Synchronous generator 123
 

gearless 178
 
for gearless plants 175
 
motorized run-up 148, 149
 
nonsalient pole machine 152
 

Synchronous harmonic rotary field
 
torque 140
 

System
 
gearless 125
 

System data 109
 
System-oriented controller design 349
 
System requirements 299
 

Tariff 388
 
Taylor expansion 339
 
Technical and economic potential 383
 
Theordorsen function 76
 
Thermal tower 47
 
Thermal turbine 49
 
Three-blade rotor 333
 
Three-bladed machine 54
 
Three-phase bridge connection 208
 
Thrust 35
 

axial 36
 
Thyristor inverter 218
 
Thyristors 205
 
Tip speed ratio 40, 50, 142
 
Tolerance band regulation 221
 
Topography 373
 
Torque 32
 

blade position-dependent 46
 
dynamic 133, 147
 
internal 135
 
nonsalient pole machines 141
 
pitch-dependent 46
 

salient pole machines 141
 
wind turbine 24
 

Torque determination 34
 
Torque development 136
 
Torque effects 104
 
Torque fluctuation 46, 137
 
Torque limiting values 142
 
Torque matrix 341
 
Torque oscillations 106
 
Torque parameter 144
 
Torque peaks 148
 
Torque-rotational speed characteristk
 
Torque/speed characteristic
 

of an asynchronous machine 135
 
Torsional moments
 

at the rotor blades 334
 
Torsional resetting moment 339
 
Torsional stiffness 109
 
Total harmonic distortion 264
 
Total moments 337
 
Tower effects 45
 
Tower mass 110
 

per kW 113,114
 
per m 115
 
per m2 114
 

Tower shadow 50
 
Tower wind-shadow effect 46
 
Tower windbreak effect 46
 
Transfer of electrical energy 199
 
Transient
 

currents 147
 
direct-axis reactance 196
 
torques 147
 

Transistors 206
 
Transmission losses 45
 
Trigger delay angle 209
 
Turbine
 

lift type 47
 
Turbine characteristics
 

modelling 43
 
Turbine control
 

by means of a bypass 304
 
Turbine data 110
 
Turbine design 50
 
Turbine efficiency 48
 
Turbine flicker coefficient 260
 
Turbine output 300
 
Turbine performance fluctuations J3;
 

Turbine tester 354
 
Turbine testing 355
 
Turbine torque 142
 
Turbine yawing 59
 
Turbine yield 375
 
Turbogenerator 126
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salient pole machines 141
 
wind turbine 24
 

Torque determination 34
 
Torque development 136
 
Torque effects 104
 
Torque fluctuation 46, 137
 
Torque limiting values 142
 
Torque matrix 341
 
Torque oscillations 106
 
Torque parameter 144
 
Torque peaks 148
 
Torque-rotational speed characteristics 142
 
Torque/speed characteristic
 

of an asynchronous machine 135
 
Torsional moments
 

at the rotor blades 334
 
Torsional resetting moment 339
 
Torsional stiffness 109
 
Total harmonic distortion 264
 
Total moments 337
 
Tower effects 45
 
Tower mass 110
 

per kW 113, 114
 
per m 115
 
per m2 114
 

Tower shadow 50
 
Tower wind-shadow effect 46
 
Tower windbreak effect 46
 
Transfer of electrical energy 199
 
Transient
 

currents 147
 
direct-axis reactance 196
 
torques 147
 

Transistors 206
 
Transmission losses 45
 
Trigger delay angle 209
 
Turbine
 

lift type 47
 
Turbine characteristics
 

modelling 43
 
Turbine control
 

by means of a bypass 304
 
Turbine data 110
 
Turbine design 50
 
Turbine efficiency 48
 
Turbine flicker coefficient 260
 
Turbine output 300
 
Turbine performance fluctuations 138
 
Turbine tester 354
 
Turbine testing 355
 
Turbine torque 142
 
Turbine yawing 59
 
Turbine yield 375
 
Turbogenerator 126
 

Turbulence 46
 
degree of 372
 

Turbulence intensity 378
 
Turning
 

the plane of rotation 60
 
Two-axis field coordinate system 319
 
Two-bladed machine 54
 

V converter 204
 
Vi circle diagram 163
 
Uncontrolled diode rectifier bridges 216
 
Uncontrolled supply 298
 
Uncoordinated feed 297
 
Unexcited connection 150
 
Upwind 46
 
Utilizing compensating effects 281
 

Variable-frequency operation 
of the wind turbine 146
 

Variable-slip asynchronous generators 172
 
Vector diagram
 

asynchronous machine 132
 
synchronous machine 132
 

Verband der Netzbetrieber (VDN) 291
 
Vertical speed gradient 46
 

effects 46
 
Visibility 399
 
Visibility map 399
 
Visualization of a wind farm 400
 
Voltage 123,301
 

asymmetries 250
 
change 162,252,253,254,256,
 

258, 286
 
induced 129
 

Voltage control circuit 313
 
Voltage fluctuations 252
 
Voltage graph 287
 
Voltage levels 250
 
Voltage regulation 311, 312
 
Voltage regulation procedures 127
 
Voltage response
 

in grid supply 249
 
Voltage rise 253
 
Voltage spectra
 

of wind turbines 265
 
Vortex turbine 48
 

Waiting mode 356
 
Wake
 

turbulent 38
 
WASP, see Wind Atlas Analysis Application
 

Programme
 
Weak wind generators 171
 
Weibull distribution 373, 375, 379
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Weibull frequency distribution 
of wind speeds 373
 

Weibull parameter 377
 
Wind Atlas Analysis Application
 

Programme 379
 
Wind atlas method 379
 
Wind class 374
 
Wind conditions 371
 
Wind direction distribution 378
 
Wind farm 271
 
Wind farm monitoring 368
 
Wind farm output measurement 247
 
Wind measurement systems 374
 
Wind measuring devices 365
 
Wind output measurement 247
 
Wind power predictions 245
 
Wind-pressure yawing 69
 
Wind speed 50
 

decelerated 55
 
height-dependent 45
 
measurement 374
 

Wind-speed profile 45
 

Wind turbine 2
 
with blade pitch adjustment 307. 308
 
without blade pitch adjustment 306
 
fixed-speed 307
 
monitoring 367
 
power 33
 
power (maximum) 33
 
variable-speed 308
 

Wind vane 69
 
Wind velocity 44
 

resultant 71
 
distribution 372, 378
 

Withstand ratio 229
 
Wooden blades 50
 
Working range
 

full-load generator 171
 
weak wind generator 171
 

Yaw acceleration 60
 
Yaw control mechanisms 65
 
Yaw-control system 60
 
Yaw moments 64
 
Yaw system 60
 




