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Doubly-Fed Induction Generator Squirrel-Cage Induction Generator

slipsourcerotorp  

• Vestas

• Sinovel

• Gamesa

• GE Energy

• Siemens

 Mature technology, usually up to 3 MW

 Fast rotating, gearbox required


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Wound Rotor 

Synchronous Generator

Permanent-Magnet 

Synchronous Generator

sourcerotorp  

• Končar

• Enercon

• Vestas

• Goldwind

• Gamesa

 Newer technology, usually above 2,5 MW

 Slow rotating, direct-drive



• GE Energy

• Siemens
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Total: 526.95 MW

(Oct. 2017)
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 Below rated wind speed - control via torque

◦

 Above rated wind speed – control via pitch

◦ Proportional-integral(-derivative) gain-scheduling

controller

2* KTg 
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 Field-oriented control

Source: Damir Žarko, Teorija 
električnih strojeva i transformatora
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 Field-oriented control

Source: Damir Žarko, Teorija 
električnih strojeva i transformatora
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 Field-oriented control

ωe

Source: Damir Žarko, Teorija 
električnih strojeva i transformatora
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 SCIG model in dq rotating frame
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 Aligning with rotor flux linkage
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 Gearbox concept and direct-drive

Source: J. Ribrant 2007. (Swedish wind turbines 2000.-2004.)



 Electric machines failure frequency in wind turbines is 

about 10 times greater than in industry applications 

◦ harsh environment

◦ frequently varying operating conditions

 In industry applications:

◦ 35% of faults - stator related (e.g. insulation degradation)

◦ 30% of induction machine faults - rotor related (cage)

 Wind turbines are placed on hardly reachable, remote 

locations

 Lots of expensive monitoring and control equipment is 

already installed  great opportunity for diagnostics 

and control system interventions
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 Cage defects (squirrel-cage induction generator)

 Stator insulation faults

 Both kinds of faults can be related with 
instantaneous rotor flux linkage position

 Faults spread rapidly in normal operation
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Healthy conditions Damaged rotor bar

TU Wien, prof. Thomas Wolbank group
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short circuit
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short circuit

ik
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 xessx tt   sin)(

 Generally:

 xees
sx t
dt

td



 cos

)(



15.12.2017.Zagreb Energy Congress, V. Lešić 18

 Option A – reduction of     such that         is kept 
below the imposed limit

es s
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 Option B – modulation of stator flux magnitude
such that the imposed restriction is matched)(ts

FTC
sx K

dt
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
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 Triangular waveform of stator flux is achieved with 
FOC and current control loops:
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 Periodic strengthening and weakening of machine
flux in the air gap
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dSPACE 1103

Control cabinet

ControlDesk software
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Wound Rotor 

Synchronous Generator

Permanent-Magnet 

Synchronous Generator

Doubly-Fed Induction

Generator
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 30 WT equipment
manufacturers

 Teleconferences

 Brochure
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 30 WT equipment
manufacturers

 Teleconferences

 Brochure

 Aerospace industry
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www.lares.fer.hr


