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PresentationPresentation outlineoutline

•• IntroductionIntroduction Wind Wind EnergyEnergy Research Group (WERG)Research Group (WERG)

•• TheThe directdirect drivedrive evolutionevolution

•• TheThe WERGWERG--85 85 inin--hubhub generatorgenerator

•• TheThe WERGWERG--85 85 turbineturbine

•• TheThe coolingcooling systemsystem

•• Tower Tower headhead massmass in in comparisoncomparison
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IntroductionIntroduction Wind Wind EnergyEnergy Research Group (WERG)Research Group (WERG)

1990 1990 Foundation by Prof. KlingerFoundation by Prof. Klinger

1997 1997 Developing Developing GenesysGenesys 600 kW 600 kW 

2000 2000 Foundation Foundation VensysVensys

2003 2003 VensysVensys 6262

2004/05 2004/05 VensysVensys 9090

2008 2008 Chinese 2 MWChinese 2 MW

2009 2009 European 2.2 MWEuropean 2.2 MW

Genesys 600 kW, 1997

Vensys 62 (1.2 MW), 2003



DEWEK 2008DEWEK 2008 www.windwww.wind--energyenergy--research.deresearch.de 44

Wind Wind EnergyEnergy Research Group WERG 2008Research Group WERG 2008
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Wind Wind turbineturbine evolutionevolution:: EnerconEnercon 30/40/5330/40/53…… 19931993

Inner rotor
Wound rotor
Forced air cooling
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Wind Wind turbineturbine evolutionevolution:: ZephyrosZephyros 20002000

Inner rotor
Permanent magnet excitation
Passive air cooling
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Wind Wind turbineturbine evolutionevolution:: VensysVensys 62/70/7762/70/77 20032003

Outer rotor
Permanent magnet excitation

Passive air cooling
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Wind Wind turbineturbine evolutionevolution:: DirectDirect drivedrive WERGWERG--8585 20082008

In-hub generator

Outer rotor
Permantent magnet excitation
Active evaporation cooling

Wind Energy Research Group
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TheThe inin--hubhub generatorgenerator conceptconcept



DEWEK 2008DEWEK 2008 www.windwww.wind--energyenergy--research.deresearch.de 1010

TheThe inin--hubhub generatorgenerator WERGWERG--8585

Diameter max. 5m
Mass 50 t
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ToothTooth beltbelt pitchpitch drivedrive
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WERGWERG--85 85 turbineturbine
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WERGWERG--85 85 turbineturbine
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T = 20°C

T = 25°C

T = 26°C

T = 46°C

T = 46°C

Insulator

PrinciplePrinciple of of thethe newnew coolingcooling systemsystem usingusing COCO22

Condensing

Evaporation
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Hollow conductor winding systemHollow conductor winding system
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Advantages of inAdvantages of in--hub generator WERGhub generator WERG--8585

•• DirectDirect drivedrive

-->> no no gearboxgearbox problemsproblems

•• Permanent Permanent magnetmagnet

-->> no no energyenergy forfor excitationexcitation

•• AdvancedAdvanced bearingbearing conceptconcept

-->> minimizedminimized airair gapgap deformationdeformation

•• ReliableReliable pitchpitch systemsystem usingusing toothtooth beltbelt

-->> nearlynearly no no maintenancemaintenance

•• PitchPitch controlcontrol boxesboxes cancan bebe reachedreached fromfrom nacellenacelle

-->> maintenancemaintenance friendlyfriendly
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Advantages of COAdvantages of CO22 coolingcooling

••Compact, Compact, fullyfully closedclosed generatorgenerator

--> > No corrosive ambient No corrosive ambient 
air in generatorair in generator

--> > ideal ideal forfor offshoreoffshore applicationapplication

••Low winding temperature levelLow winding temperature level

--> > Increased winding life timeIncreased winding life time
--> > Reduced winding Reduced winding ohmicohmic resistanceresistance

••CO2 evaporates in hollow conductorsCO2 evaporates in hollow conductors

-->> No hot spotsNo hot spots

-->> heat is directly absorbed where it heat is directly absorbed where it 

is producedis produced

-->> Low winding temperatureLow winding temperature

-->> Increased lifetime of insulationIncreased lifetime of insulation
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Total Total towertower headhead massmass WERGWERG--85 110 t85 110 t

Nacelle 30 t
Generator 56 t

Blades 24 t

Total tower head mass 110 t
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Tower Tower headhead massesmasses of of directdirect drivesdrives

Enercon

Enercon

Other direct
drives
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Tower Tower headhead massesmasses in in comparisoncomparison

Gear turbines

V120

V90

5M

Gear turbinesGear turbines

Enercon

Other direct
drives

Enercon

Gear turbines
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Gear turbines

V120

V90

5M

Gear turbines

Enercon

Other direct
drives

Enercon

Gear turbines

Tower Tower headhead massesmasses in in comparisoncomparison
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DirectDirect drivedrive turbineturbine marketmarket playersplayers

PlayerPlayer CountryCountry Rotor Rotor diametersdiameters

•• EnerconEnercon GermanyGermany 40, 53, 66, 70, 82, 112, 12640, 53, 66, 70, 82, 112, 126

•• VensysVensys GermanyGermany 62, 70, 77, 90, 10062, 70, 77, 90, 100
–– GoldwindGoldwind
–– CKDCKD
–– EozenEozen
–– ImpsaImpsa
–– IndiaIndia

•• ZephyrosZephyros NetherlNetherl.. 7070
–– HarakosanHarakosan
–– XEMCXEMC

•• Leitwind Leitwind ItalyItaly 62, 70, 7762, 70, 77

•• MTorresMTorres SpainSpain 8282

•• ImpsaImpsa ArgentiniaArgentinia

•• Mitsubishi Mitsubishi JapanJapan 7575

•• UnisonUnison KoreaKorea 50, 54, 5750, 54, 57

•• ScanwindScanwind NorwayNorway

•• Siemens Siemens Germany (!)Germany (!)
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