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A drag power kite [1] is a tethered electric aircraft which harvests wind energy by flying in
crosswind motions such as figure eights or circles. The kite is like a tip of a rotor blade of a
conventional wind turbine. Those blade tips harvest the majority of the energy, because they sweep
the largest area and experience the highest (true) airspeed. Similar to the generative braking of the
rotor of a conventional wind turbine, the kite brakes generatively, with small onboard wind turbines.
Hence, a drag power kite uses only the most effective parts to harvest wind energy. Particularly the
tower and the majority of the foundation are replaced by a lightweight tether, with which also
higher altitudes with stronger and steadier winds are reachable. Electrical power is transferred
between kite and ground via electrical cables integrated in the tether. The kite launches and lands
like a multicopter, for which the onboard turbines and generators are reused as propellers and
motors. A drag power kite with 600kW nominal power is currently under development at the
company Makani/X Development [2].

A challenge is the design of the drag power kite plant. Not only the optimal flight altitude and tether
length are obscure, but also many other design variables like the optimal voltage and diameter of
the electrical cables in the tether. The latter incorporates e.g. the trade-off between low ohmic loss
(large diameter optimal) and low overall aerodynamic tether drag (low diameter optimal). Similarly,
a longer tether enables higher flight altitudes with stronger winds, but also increases the
aerodynamic drag of the tether as well as the resistance of the electrical cables in the tether.

In this talk, the design sensitivities of an optimized MW-scale drag power kite plant are presented,
with surprising and unexpected results. One example is, that the optimal tether voltage is around
7kV, but the optimum is very flat, i.e. the sensitivity is low. Therefore, also a much lower voltage
may be used, which may greatly simplify the design of the power electronics at the negligible costs
of an overall only slightly off-optimal power plant design. Such sensitivities can be of high value
for a kite development team, because investment- and design decisions can be well-substantiated.
The presented results are based on a comprehensive and multidisciplinary systems engineering
model, which covers dominant effects of all involved disciplines: mechanical engineering (flight
dynamics, aerodynamics, materials, structure, and thermodynamics), electrical engineering (power
conversions through electrical drives and power electronics, and electricity transmission through
tether), control engineering (power curve with actuator limitations, as well as reliability and safety
issues due to rotor failures), meteorology (wind resource), and business administration (power plant
economics). Preliminary results were presented in [3, 4]. All details on the model derivation, model
validation, and results are currently being summarized in the corresponding author's dissertation.
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