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Intnandettion
Airborne wind energy

1 Wind energy through
BFlying object
BHigh altitude
BCheap construction

Makani Power SkySails
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Intnaadigttion
Simulated example



Intnaadheation

The HIGHWIND project




Intnaadheation
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Intncadgttion
Original goal of the thesis

+ Designing, selecting, purchasing and testing
BPower electronics for the winch motor
BPower electronics for the carousel motor
BA petrol powered generator
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Nthaohgation
Has evolved in

1 Designing, selecting, purchasing and testing
BCarousel drive
BWinch drive
BPlane power electronics
BOverall electrical system

y Stuyts, J., Horn, G., Vandermeulen, W., Driesen, J., & Diel2Q M) (Effect of the
Electrical Energy Conversion on Optimal Cycles for Pumping Airborne Wind Energ
IEEE Transactions on Sustainable Enéry), 211. doi:10.1109/TSTE.2014.2349071

} - Stuyts, J.;Geebelen, KVandermeulen, W., Driesen, J., & Diehl, R01(5). Electrical
Energy Conversiofystem for an Experiment@umping Airborne Win&nergy Set
up. IEEE Transactions &mergy Conversionnder review
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Intnaedigttion
Important terminology

1+ Drive = motor + motor controller / convertor

1+ Winch motor
BControls the tether

BGenerates power

1 Carousel motor
BRotates the carousel
BRequired for launching
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Intnaatheation

Winch motor
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Powerimg the plamne
Electrical design

. Power for onboard electronics
v Power for servos

1 AC connection

BPower connection

BPLC (power line communication)
} Onboard battery

BBack- up
BTether cut possible
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System procurement
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Powerinyg tihe plkamne
System procurement
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Electinicd| syst@mdissign
Winch motor
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1 Fast response time
; Lightweight

1 Holding torque

1 Encoder

O.Permanent: magnet: synchronous: machine
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Electnizl syst@m abssign
Carousel motor

1 Y T Tt A
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1 Simple
1 Robust
1 Encoder

O.Inductionn machine
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Electnizl syst@m abssign
Other requirements

1 Weather proofing
1 Grid connection
1 Sliprings



actnicd| syst@m assign
Drives
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Wired
Switches
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Flectnizal sysi@maissign

Safety

1 Mechanical safety /
BDonot be nea r\'\\ Safety Logic

} Operational safety \ /
Blntentional procedure \\ Manual Control
BEmergency switches \ éomputer

} Electrical safety . Set-points
BRCDs \/
BMCDs
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Electnizd| systemdiesign
Overlaying architecture
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Syst@masssign
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Electnizl syst@m abssign

s omse B0 0 OQCOROY & Q2
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Efficiency (%)
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Efficiency (%)
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Winch drive - motor mode
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Efficiency (%)
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Winch drive - generator mode
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| rAfedtoyy reQpimazadion
Effect of drive properties on the optimal
trajectory

1 Adding drive efficiency
1 Adding motor constraints
} Comparing results :

} Optimized trajectory 1 Optimized trajectory
for mechanical energy for electrical energy
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| rRECoYY reomummazadon
Modellng Pelec = f(Pmech)

} Smooth curve required
} Power loss calculation
} Least squares solution for measurements
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rajfedtoyy reoptimrzadion
Curve fit results
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| rRECoYY reomummazadon
Curve fit results

Efficiency map of the curve fit for the winch drive
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| raEdtoyy reopummzadion

Trajectory
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