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Airborne Wind Energy (AWE) : the concept 
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Ampyx Power : ground based generation with rigid wing 



Project at ABB 
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• Assess the technical and economical feasibility 
of take off for AWE.  

• Build and test a small scale prototype to 
accomplish take off and landing in a compact 
area. 

• Linear launch and on-board propulsion. 
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Simulation Study 
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• 6 degrees of freedom aircraft model 

• Aerodynamic coefficients obtained by numerical simulation 
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Simulation Study 

• Simulation study  
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-Linearised model of untethered glider 
-Hierarchical controller 
 
 
 
 
-LQR low level controller 
-Ground station and glider decoupled 



Objectives 

• PDM goals 

I. Manual tethered take-off 

II. Automatic flight 

III. Automatic tethered flight 

IV. Automatic tethered take-off and flight 
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Autopilot 
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Autopilot 

Software Architecture 
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Attitude and 
position 

(Global variables) 
Actuator Outputs 
(Global variables) 

Pilot inputs 
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Controller Design 

• Controller selected: 

– ‘Decoupled’ State Feedback (SFB) 
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Controller Design 

• Control inputs : standard 

– Ailerons -> Roll 

– Elevator -> Pitch 
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Ailerons -> Roll Elevator -> Pitch 



Controller Design 

• Parameter Identification for first order plant 
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𝑝𝑒𝑠𝑡 0 = 𝑝𝑚𝑒𝑎𝑠(0) 
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Identified parameters compared with model 

Roll rate answer to aileron input Pitch rate answer to elevator input 



Controller Design 

• State Feedback 
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Defining, 

K is deduced with pole placement technique 



Controller Design 

• High level 

– Heading controller 
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ψ𝑟𝑒𝑓 = arctan
𝑝𝑒,𝑊𝑃 − 𝑝𝑒
𝑝𝑛,𝑊𝑃 − 𝑝𝑛

 



Controller Design 

• Steering 
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𝑎𝑦 = 𝑘ψ(ψ𝑟𝑒𝑓 −ψ)V 

𝜑𝑟𝑒𝑓 = arctan
𝑎𝑦
𝑔

 



• High level 

– Altitude control, single proportional 
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∆𝑧 = 𝑧𝑟𝑒𝑓 − 𝑧 

𝜃𝑟𝑒𝑓 = 𝑘𝜃∆𝑧 
𝜃 

∆𝑧 

𝑧𝑟𝑒𝑓 

𝑧  

𝑘𝜃 =
5°

10(𝑚)
 

Xb 



Controller Design 

• Airspeed control 

– Proportional controller 

– Adjust the motor rotation speed to track a desired 
airspeed (measured by pitot probe) 

 

20.06.2016 32 



Controller Design 

• Take Off procedure 

– Ascent phase : climb in straight line until safety 
altitude 

– Transition to figure of eight 

– Point targeting switching between two way points 
to achieve figure of eight. 
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Simulation 
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Eight trajectory  
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Altitude control 
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Heading (°) 

Flight Results 

• Autonomous tethered take off and flight. 
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Flight Results 
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https://www.youtube.com/watch?v=UPiTiHPXciE 
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Flight Results 

Coupled effects with GS 
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• PDM goals 

I. Manual tethered take-off 

 

II. Automatic flight 

 

III. Automatic tethered flight 
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Conclusion 
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• Landing is missing: 

– Safety, precision, efficiency and compact area 

• Topic to study: 

– Short Take Off and Landing (STOL) Aircraft, distributed 
electric propulsion, dynamic stall. 

LEAPTech aircraft source: NASA Dynamic Stall Vortex 
Source : aerospace.illinois.edu 

STOL : Pilatus PC6 
Souce : pilatus-aircraft 
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