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In the search for a suitable flight system configuration
for airborne wind energy, no configuration has yet pre-
vailed. The use of "flying wings" in these specialized
wind energy systems is a promising approach in terms
of system performance. Because these flight systems
have less drag intensive components, they are expected
to have particularly high aerodynamic performance. In
addition, when designed as tailsitters, they o�er verti-
cal takeo� and landing capabilities. However, the han-
dling of these particular flight systems, especially at low
airspeeds during vertical takeo� and landing, as well as
during the transition from such a thrust-borne state to a
wing-borne state, poses great challenges in terms of con-
trollability [1].

In order to safely operate such a flight system during
this transition, a guidance controller must take into ac-
count the controllability at highwind speeds and the con-
straints imposed by the tether. In accordance with [2], a
curvedyaw-rollmaneuver is selected tooperate theflight
system through this transition. As shown in Fig. 1, when
performing this maneuver, the flight system accelerates
with a yaw motion in a tangential upwind direction until
su�icient airspeed is reached and it initiates a roll domi-
nantmotion. In doing so, it transitions from thrust-borne
to wing-borne flight while the tether is sagging and the
flight is considered to be close to untethered. Subse-
quently, the transition toa fully tetheredflight is achieved
by increasing the turn radius. A trim calculation with an
element-basedflightdynamicsmodel of theflight system
is used to determine the flight envelope for this maneu-
ver at di�erent wind speeds. Based on this specific en-
velope, an appropriate guidance controller is developed.

This guidance controller forms the top level of the cas-
caded flight controller, while the lower levels consist of a
translational and a rotational Incremental Nonlinear Dy-
namic Inversion controller. The control performance of
theoverall controller is analyzedusingmodel-in-the-loop
simulations. It is shown that the developed controller ar-
chitecture allows the control of thismulti-axial transition
maneuver at di�erent wind speeds.

Illustration of the circular yaw-roll transition followed by a transi-
tion to a tethered flight.
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