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Outline 

Ʒ  Futuristic Wind Turbine Concepts 
Ʒ    Airborne Wind Turbine Electrical System 
Ʒ    Multi-Objective Optimization  
Ʒ    Controls Aspects 
Ʒ     Conclusions 
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Conventional 100kW Wind Turbine 

Ʒ  Characteristics 

-  Tower            35m/18 tons 
-  Rotor            21m / 2.3tons 
-  Nacelle               4.4 tons  

ƴ  Large Fraction of Mechanically 
     Supporting Parts / High Costs 

Ʒ
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Revolutionize Wind Power Generation  
Using Kites / Tethered Airfoils 

ƴ  Wing Tips / Highest Speed Regions are the Main Power Generating Parts of a Wind Turbine 
 

[2] M. Loyd, 1980 
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Controlled Power Kites for Capturing Wind Power 

ƴ  Wing Tips / Highest Speed Regions are the Main Power Generating Parts of a Wind Turbine 
 

Ʒ  Replace Blades by Power Kites 
Ʒ  Minimum Base Foundation etc. Required 
Ʒ  Operative Height Adjustable to Wind Conditions [2] M. Loyd, 1980 
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Ʒ  Wind at High Altitudes is Faster and More Consistent 
Ʒ  Operate Kites at High Altitudes or Even in the Jet Stream 
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Controlled Power Kites for Capturing Wind Power 

Ʒ  Wind at High Altitudes is Faster and More Consistent 
Ʒ  Operate Kites at High Altitudes or Even in the Jet Stream 



9/63 

Pumping Power Kites 

ƴ   Generated Force Could be  
      Converted into Useful  
      Power by Pulling a Load / 
      Driving Turbines via a  
          Tether 

Ʒ  KiteËs Aerodynamic Surface Converts Wind Energy  into Kite Motion 

Source: M. Diehl / 
K.U. Leuven 

Ʒ
 

Ʒ 
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Pumping Power Kites 

Ʒ  Maximum Power 

Source: M. Diehl / 
K.U. Leuven 

[2] M. Loyd, 1980 
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Pumping Power Kites for Capturing  
High Altitude Wind Power 

Ʒ Lower Electricity Production Costs than Current Wind Farms  
Ʒ Generate up to 250 MW/km2, vs. the Current 3 MW/km2 

Ʒ Research at  the   
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Pumping Power Kites for Capturing  
High Altitude Wind Power 

Carousel 
Configuration  

Ʒ Lower Electricity Production Costs than Current Wind Farms  
Ʒ Generate up to 250 MW/km2, vs. the Current 3 MW/km2 

Ʒ Research at  the   
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Alternative Concept  ̧Airborne Wind Turbine 

Ʒ   Power Kite Equipped with Turbine / Generator / Power Electronics 
Ʒ  Power Transmitted to Ground Electrically [2] M. Loyd, 1980 

 

Ʒ 
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Alternative Concept ̧ Airborne Wind Turbine 

Ʒ   Power Kite Equipped with Turbine / Generator / Power Electronics 
Ʒ  Power Transmitted to Ground Electrically 

Source: 

[2] M. Loyd, 1980 
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Basic Physics of Wind Turbines 

Ʒ       Maximum Achievable acc. to Lanchester / Betz  
Ʒ  High Crosswind Kite Speed Ą Very Small Turbine Area 

Ʒ
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Comparison of Conventional / Airborne Wind Turbine 

ƴ   Numerical Values Given for 
     100kW Rated Power 
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SkyWindPower AWT Concept  

Ʒ     Tethered Rotorcraft ̧ Quadrupole Rotor Arrangement  
Ʒ  Inclined Rotors Generate Lift & Force Rotation / Electricity Generation 

ArtistËs Drawing of 
240kW / 10m Rotor System 

ƴ  Named as One of the 50 Top Inventions in 2008 by TIME Magazine 
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Ʒ Reinforced Tether Transfers MV-Electricity to Ground 
Ʒ  Composite Tether also Provides  Mechanical  Connection to Ground 

AWT Concept  
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AWT Basic Electrical System Structure 

Ʒ     Rated Power                           100kW 
Ʒ  Operating Height         800µ1000m 
Ʒ  Ambient Temp.                          40ÁC  
Ʒ  Power Flow             Motor & Generator 

ƴ   El. System Target Weight            100kg 
ƴ   Efficiency (incl. Tether)                90% 
ƴ   Turbine /Motor                2000/3000rpm 
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Design of Electrical Power System  

Ʒ     Clarify Practical Feasibility of AWT  Concept 
Ʒ     Clarify  Weight/Efficiency Trade-off / Multi -Objective Optimization / Pareto-Front 
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Tether Design 
DC Voltage Level 
ɖ-ɔ-Pareto Front 
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Tether DC Transmission Voltage Level 

Ʒ   Pth,1 = 100kW /  lth = 1000m   
Ʒ   Strain Relief Core ̧ Kevlar (Fth = 70kN, d=5mm) 
Ʒ  Cu or Al Helical Conductors - ½ Uth Isolated 
Ʒ    Outer Protection Jacket (3mm) 
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Ʒ Tether Voltage   Vth,1 = 8kV  

Tether  ɖ-ɔ-Pareto Front 

ƴ  Total Weight of  
       Tether:  320kg 
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V 

System Overview 
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Possible AWT Electrical System Structures  

Ʒ
 

Ʒ
 

Ʒ Low-Voltage or Medium-Voltage Generators / Power Electronics 
Ʒ Decision Based on Weight/Efficiency/Complexity 

V 


