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ABSTRACT

Flight endurance is still a bottleneck for many
types of UAV applications. While battery tech-
nology improves over the years, for flights that
last an entire day, batteries are still simply in-
sufficient. Hydrogen powered fuel-cells offer
an interesting alternative but pose stringent re-
quirements on the platform. The required cruise
power must be sufficiently low and flying with
a pressurized tank poses new safety and shape
constraints. This paper proposes a hybrid tran-
sitioning unmanned air vehicle that is optimized
towards carrying a hydrogen tank and fuel cell.
Hover is achieved using twelve redundant pro-
pellers connected to a dual CAN network and
dual power supply. Forward flight is achieved
using a tandem wing configuration. The tan-
dem wing not only minimizes the required wing
span to minimise perturbations from gusts dur-
ing hover, but it also handles the very large pitch
inertia of the inline pressure tank and fuel cell
very well. During forward flight, eight of the
twelve propellers are folded while the tip pro-
pellers counteract the tip vortexes. The propul-
sion is tested on a force balance and the selected
fuel-cell is tested in the lab. Finally a testing pro-
totype is built and tested in-flight. Stable hover,
good transitioning properties and stable forward
flight were demonstrated.

1 INTRODUCTION

The advent of Unmanned Air Vehicles (UAV) offers many
great new opportunities for surveying and inspection tasks.
Many tasks however are requiring flight times of several
hours, as well as vertical take-off and landing [1, 2, 3, 4]. To
achieve very efficient forward flight, fixed wings have clearly
shown to be the most efficient way of flying [5]. But the re-
quirement for a runway or launch and recovery system limits
their applicability [6].

Several hybrid concepts have been proposed to merge the
advantages of hovering aircraft with efficient fixed wing air-
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Figure 1: NederDrone2 with 12 propellers of which 8§ are
fold-able and stop during forward flight. The 4 tip propellers
remain active during forward flight and have a higher pitch
for efficient fast flight. The large fuselage can accommodate
a 9 liter pressure tank and a fuel-cell.

craft [7, 8, 9]. The DelftaCopter [7] has proposed a con-
ventional helicopter rotor combined with delta-wings. While
good efficiency was obtained, the concept had a high center of
gravity and many single points of failures, which is not ideal
when more dangerous fuels are used. [10] has proposed to
use coaxial rotors to simplify control and remove the need for
tip propellers, but does not solve the issues of the previous
concept. Several researchers have proposed tilt-wing UAV
[9, 11]. These concepts are great but have difficult control
properties and require a complex wing actuation mechanism.

Many tandem tailsitter concepts have been proposed for
a long time already [12, 13]. [14] presents the design of a
tandem tailsitter and its control. [15] also describes the design
and control of tailsitter tandem wing UAV. While the tandem
configuration offers good properties for the installation of all
hydrogen systems, the fact that it sits upright and can fall over
is seen as a problem for a fuel-cell VTOL long endurance
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