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An innovative research field lies in the deployment of
Unmanned Aerial Vehicles (UAVs) for industrial structural
inspections, such as remote non destructive testing of boilers
in power generation plants, to increase safety and reduce
downtime. The inspection UAVs realize remote controlled
and (semi-)autonomous robotic aiding systems, which are
required to physically interact with their surrounding envi-
ronment. This opens up research possibilities for integrated
onboard mechanical devices to stably interact with and
manipulate the environment.

A new tool manipulation system for structural inspection
UAVs has been developed, as shown in Figs. 1 and 2. It is
required to have a preferred workspace of at least5× 5× 5

cm. Moreover, it should be compact and lightweight so to
be placed horizontally on the edge of the UAV.

The chosen design is based on Delta kinematics [1],
which provides Cartesian motion of the modular end-effector
through three rotary motor motions. The lengths of the upper
arms (connected to the motor) and of the lower arms are
5 and 7 cm, respectively. The kinematic diameter of the
end effector ring, where the sensing system is placed, is
effectively 4.5 cm. The actuators of the manipulator are
on the base close to the UAV center of gravity to induce
a smaller torque disturbance on the UAV. A consequence
of parallel kinematics is its lightweight, which ensures a
high mechanical bandwidth. The angles of the manipulator
arms are limited by mechanical design and control, hence the
manipulator can be used outside of any singular configuration
with a unique kinematic mapping of the actuator angles
to end-effector position. The force it can generate due to
interaction with the environment is in the order of 5 to 10 N,
which is configuration dependent. The forward and inverse
Delta kinematics can be solved analytically with a projec-
tive geometry approach [2]. The velocity and acceleration
kinematics also have closed form solutions that are used in
computed torque control [3].

The current end-effector is comprised of an ultrasonic
thickness gaging sensor for non destructive testing purposes.
An extra actuator is placed on the end-effector to make
the roll movement of the cylindrical sensor. Two1 DOF
rotational joints near the front of the sensor form a Cardan
joint, i.e., a double gimbal, inside the end-effector so it can
correct itself to curvature of the surface during interaction.
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Fig. 1: CAD drawing of the Delta manipulator attached to an UAV.

Fig. 2: CAD drawing of the Delta manipulator.

A weak spring loading is used to define an equilibrium and
to counteract gravity.

The design has been realized in a190 g prototype [4].
To make it lightweight, the prototype is composed of an

aluminum alloy for all custom made parts. Pultruded carbon
fiber tubes make up necessary axial parts. Brass is used in
the end-effector in combination with conical steel set screws
to create a low friction Cardan joint. Double sealed steel
ball bearings are used in all other joints to provide rotational
degrees of freedom. To measure motor torque, the bottom
component of the thigh has a thin mill-out section to facilitate
a strainε of 0.0008 in the highest load circumstance. To
facilitate an additional degree of rotation of the sensor, it is
rotated through a couple of spur gears.
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