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Electrical Parts Electrical Parts 
of the Wind Turbineof the Wind Turbine

•• GeneratorGenerator
•• ConverterConverterConverterConverter
•• Power Control Power Control 
•• CablesCables
•• TransformerTransformer•• TransformerTransformer
•• Power CollectionPower Collection
•• Lightning ProtectionLightning Protection
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1887, Cleveland, USA1887, Cleveland, USA

•• Inventor, CharlesInventor, Charles

, ,, ,

Inventor, Charles Inventor, Charles 
Francis BrushFrancis Brush

•• ManufacturedManufactured•• Manufactured, Manufactured, 
Cleveland USACleveland USA
T bi Di 17T bi Di 17•• Turbine Dia 17mTurbine Dia 17m

•• 144 blades144 blades
•• 10 rev/min, 10 rev/min, 

variable speedvariable speedvariable speedvariable speed
•• Power Output, Power Output, 

12kW12kW
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1980, California, USA1980, California, USA

•• Result of Californian Result of Californian 
environmental lawsenvironmental laws

•• Small turbines <100kWSmall turbines <100kW
•• Turbine diameters, 10Turbine diameters, 10--

15m15m
•• 7070--80 rev/min, 80 rev/min, 

depending on turbine depending on turbine 
design, fixed speeddesign, fixed speed
P l i dP l i d•• Poorly sitedPoorly sited

•• Blade failures commonBlade failures common
i li bilii li bili
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2003,2003, Modern ProductModern Product

•• ManufacturerManufacturer

,,

•• Manufacturer, Manufacturer, 
DeWindDeWind

•• ManufacturedManufacturedManufactured, Manufactured, 
Loughborough, UKLoughborough, UK

•• Turbine Dia 70mTurbine Dia 70m
•• 3 blades3 blades
•• 17 rev/min, variable17 rev/min, variable17 rev/min, variable 17 rev/min, variable 

speedspeed
•• Power Output, 2 Power Output, 2 p ,p ,

MWMW
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Types of Turbine Types of Turbine 
& their Control& their Control

Fixed Speed
Geared 
DriveDrive

Variable
Speedp

Direct 
Drive
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Types ofTypes ofTypes of Types of 
Turbine Turbine 

& & 
their their 

GeneratorsGenerators
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Changing TechnologyChanging TechnologyChanging TechnologyChanging Technology
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Induction MachineInduction MachineInduction MachineInduction Machine
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Induction MachineInduction MachineInduction MachineInduction Machine
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Induction MachineInduction Machine
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Induction MachineInduction MachineInduction MachineInduction Machine

Synchronous Speed

Depends on machine 
pole pairs and gearbox 
ratio
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Fixed Speed TurbineFixed Speed Turbine
Induction GeneratorInduction Generator
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Variable SpeedVariable Speed
Broad Speed RangeBroad Speed Range
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Variable SpeedVariable Speed
Narrow Speed RangeNarrow Speed Range
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Variable Speed TurbineVariable Speed Turbine
ConverterConverter
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Variable Speed TurbineVariable Speed Turbine
Geared DriveGeared DriveGeared DriveGeared Drive

Induction Generator Induction Generator 
Fully Rated ConverterFully Rated ConverterFully Rated ConverterFully Rated Converter
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Variable Speed TurbineVariable Speed Turbine
Induction GeneratorInduction Generator
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Geared Wind TurbineGeared Wind Turbine
Induction MachineInduction MachineInduction Machine Induction Machine 
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Geared Wind TurbineGeared Wind Turbine
Doubly Fed Induction MachineDoubly Fed Induction MachineDoubly Fed Induction Machine Doubly Fed Induction Machine 
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Geared Wind TurbineGeared Wind Turbine
D bl F d I d ti M hiD bl F d I d ti M hiDoubly Fed Induction MachineDoubly Fed Induction Machine
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Direct Drive Wind TurbineDirect Drive Wind Turbine
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Direct Drive Wind TurbineDirect Drive Wind TurbineDirect Drive Wind TurbineDirect Drive Wind Turbine
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Power CollectionPower CollectionPower CollectionPower Collection
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Power CollectionPower CollectionPower CollectionPower Collection
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Power Collection OffshorePower Collection OffshorePower Collection OffshorePower Collection Offshore
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Maintenance Offshore Maintenance Offshore 
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Reliability & Subassemblies, EUReliability & Subassemblies, EU
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