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Problem formulation
Airborne wind energy systems during pumping mode ùñ Bidirectional power flow

reel in

phase

reel out phase

wind vector

tether

kite

ground winch with electric drive

energy dissipation

‚ machine: pm ą 0

‚ net/grid: pn ă 0

energy “production”

‚ machine: pm ă 0

‚ net/grid: pn ą 0
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Grid-side control
Overview

Control

Operation management

Turbine Gear Generator

SG/IG

Back-to-back converter

VSIVSI DC-link

DC

DC AC

AC

Filter PCC Trafo Grid

s
abc
m s

abc
n

ωm,ref

ωm

udc,ref

qpcc,refppcc,ref

ppcc qpcc

vw

i
abc
s

udc i
abc
f u

abc
0

pnpm
pdc

15.06.2015 “DC-link control for airborne wind energy systems during pumping mode”, C. Hackl 4/16



Munich School of Engineering Technische Universität München

Outline

2 DC-link control
Nonlinear dynamics of DC-link

Classical DC-link PI controller

Grid-side control structure in voltage orientation
Linearization and “structurally varying” system

“Structurally varying” system

Root locus and local stability analysis

Nonlinear DC-link PI controller
Grid-side control structure in voltage orientation

Controller design and local stability analysis

Simulation results

15.06.2015 “DC-link control for airborne wind energy systems during pumping mode”, C. Hackl 4/16



Munich School of Engineering Technische Universität München

Outline

2 DC-link control
Nonlinear dynamics of DC-link

Classical DC-link PI controller

Grid-side control structure in voltage orientation
Linearization and “structurally varying” system

“Structurally varying” system

Root locus and local stability analysis

Nonlinear DC-link PI controller
Grid-side control structure in voltage orientation

Controller design and local stability analysis

Simulation results

15.06.2015 “DC-link control for airborne wind energy systems during pumping mode”, C. Hackl 4/16



Munich School of Engineering Technische Universität München

Nonlinear dynamics of DC-link
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Classical DC-link PI controller
Grid-side control structure in voltage orientation with constant PI controller
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Linearized system [1]
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“Structurally varying” system [2]
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Root locus of linearized system
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Root locus (TV “ T
‹
V depends on equilibrium!)
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Local stability analysis
Hurwitz criterion

Transfer function of (linearized) closed-loop system
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Nonlinear DC-link PI controller
Control system in voltage orientation with nonlinear PI controller
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Nonlinear DC-link PI controller
Controller design and local stability analysis

Pole placement: Two tuning parameters VR & Tn; three poles λ1 & λ2 ˘ ıλi
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Nonlinear PI-control for DC-link voltage
Simulation results for 20 kW AWE system: constant PI, nonlinear PI
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Conclusion and future work

To take home:

‚ DC-link voltage control

˝ nonlinear system dynamics with structurally varying nature

˝ nonminimum-phase behavior during reel-in phase

˝ very conservative classical PI controller design necessary

‚ nonlinear PI controller

˝ design based on pole placement and online parameter adjustment

˝ faster tracking and disturbance rejection

˝ smaller DC-link capacitance feasible (Ñ cheaper)

Future work:

‚ Lyapunov-based stability analysis

‚ Measurement results (construction of test bench in progress)
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