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A fast design tool that allows shape optimization can in-
crease aerodynamic performance and hence the energy
production of airborne wind energy systems. Most mem-
brane kite design tools are too computationally expen-
sive or not accurate enough. Deformations occur at large
and are relevant because they substantially change the
aerodynamic characteristics [1]. Asymmetric actuation
twists the kite, which contributes to its ability to turn.
Symmetric actuation bends the wing in spanwise direc-
tion, thereby changing the generated aerodynamic force.

The tubular frame of the V3 kite of TU Delft is fully bridled
on both the leading and trailing edges [1]. Therefore, the
deformation is regarded as caused by the changing ge-
ometric layout of the bridle line system. The line attach-
ment points formawireframe representation of thewing,
consisting of nine plates. Each plate has three edges
of constant length, each being a rigid representation of
a tube segment. The plate models have varying trail-
ing edge lengths when including the effect of canopy bil-
lowing. A photogrammetry analysis provided kite width
change for different symmetrical actuation settings and
empirical relations, used to model canopy billowing.

We developed a particle system model (PSM), in which
each bridle line connection is represented by a point
mass. The particles at the plate corner points are subject
to a discrete aerodynamic force, which is scaled based on
the respective plate width and local angle of attack. The
aerodynamic force is balanced by the spring and damper
forces of the bridle line system, plate edges and plate

diagonals. For asymmetric actuation, the orientation-
basedaerodynamic force scaling leads to the requireddy-
namic stabilization.

The PSM can predict the change in width due to sym-
metrical actuation within, on average, 1% of the exper-
imentally obtained width. Due to its accuracy, rela-
tively low-computational cost and ability to predict both
main deformation modes, the PSM is considered an ex-
cellent building block towards the development of next-
generation design models.

The PSM for a fully powered kite. Red lines are bridles attached to
the trailing edge and black to the leading edge.
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