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Service Robot for Inspection of Vertical Structures at Solar
Power Plants - EU Project MAINBOT

Motivation

An efficient and effective inspection of capital-intensive large-scale systems, such as chemical, steel
and power plants, creates the pre-conditions for a high level of technical plant safety. Practice-
relevant information for maintenance is generated through regular inspections to ensure the
planned availability and the efficiency of the system. Thus, the regular inspection has a significant
impact on the operating costs throughout the operating period of an industrial plant. Typical
examples of capital-intensive plants are concentrating solar thermal power plants to generate
electricity. These power plants extend over huge areas and have a high number of individual
components.

The inspection of large-scaled plants requires the expenditure of considerable time and staff effort.
There are special requirement and challenges with regard to the high complexity and enormous
dimensions of these plants.

- dangerous or difficult to reach work environment
- tight timeframe for inspection

- high number of inspection points

- use of manifold inspection technologies

Objective / Description of tasks

In the MAINBOT project, which is funded by the EC in the 7th framework, service robots for
autonomous inspection of solar power plants will be developed. The robots must carry out various
tasks, of which the most important are the following:

- safe and autonomous movement and navigation in structured environment of horizontal and
vertical inspection areas

- mobile manipulation of different tools and testing equipment for maintenance and
inspection

- fusion of sensor data for comprehensive evaluation of the sensor data

The service robots will be used in two different types of solar power plants, a parabolic trough power
plant and a central solar tower power plant. The project partner Torresol Energy operates several
plants of this kind in the south of Spain. The extensive installations present a major challenge to the
inspection task.
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The solar power plant of GEMASOLAR — a central tower plant - has about 2.650 heliostats (panel
mirrors which can automatically rotate to track the sun) and a 140 m high receiver tower. An
absorber to convert the solar radiation in thermal energy is located at 130 m height at the receiver
tower. The absorber has a polygonal structure consisting of 16 panels. Each panel is composed of
over 60 special metal tubes. Molten salt is pumped through the tubes to transfer and store the
thermal energy in big tanks.

The surface temperature of the tubes can reach up to 700°C and lead to strong stress of the tubes
material and plant component. The absorber must therefore be regularly inspected for surface wear
and damage to the deeper structure of the tubes.

Technical approach

Within the MAINBOT project two different robot systems for the inspection of solar power plants will
be developed:

- amobile robot for the inspection of parabolic mirrors
- aclimbing robot for the inspection of the receiver tower

The Fraunhofer IFF is responsible for the development of the climbing robot for the central tower of
the GEMASOLAR power plant. The main function of the climbing robot is to position the inspection
system at the desired tube panel of the Gemasolar tower.

The vertical movement of the climbing robot at the tower is realized through the existing crane
winch on top of the receiver tower. The robot system comprises a stepping mechanism, which can be
synchronized with the crane winch to bring the robot in the desired position. The robot is attached to
the tower by an array of vacuum suction cups. Four arrays are fixed the robot frame and one array is
integrated into the stepping mechanism. Each of the oval suction cups has to be aligned to the tubes
of the panels by each stepping process. Therefore an optical sensor scans the profile of the panel to
determine the position of the tubes.

For a successful implementation of the climbing robot design the movement and behavior were
simulated on the basis of a virtual tower model. Due to the undercut of the panels located at the
receiver tower special attention is needed in order to bring the inspection system in the start
position.

For the non-destructive inspection of the panels visual cameras and eddy current sensors were
integrated into the service robots. The handling and positioning of the sensors along the tubes is
done using the stepping kinematics of the robot. The robot remains in its current position during the
data acquisition of a tube area, and then proceeds to the next area. The robot functions are
controlled by an on-board PLC-controller. A higher level control allows the selection of the inspection
panel and the choice of inspection tasks.

Conclusion

Service robots allow the comprehensive evaluation of large industrial plants. The robot systems can
detect leaks and check surfaces as well as internal structures. In addition to the exemplary use of the
climbing robot on the receiver tower, further applications are possible in the solar power plant, e.g.
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for the inspection of the molten salt tanks or the water tanks. Furthermore, the robot can also be
used on other objects, e.g. for the inspection of dams, bridges, facades or similar structures. The
operation of the fully automated inspection robot increases the efficiency of the entire plant,
reduces operating and maintenance costs and improves the safety and working conditions of the
service personnel.
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Figure 2: service robot for inspection of absorber panels



