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Abstract

The study of the structural integrity of elements related to power generation, such as
wind turbines or solar concentrator tubes, have gained great importance in recent days
due to their importance from the reliability, availability, safety, and cost points of view.
Maintenance of the elements related to power generation is crucial for the proper
management of power generation plants and in order to avoid lost productivity. In the
case of the wind turbines, this is more relevant when the offshore wind turbine is
considered. This work introduces a novel design of a Fault Detection and Diagnosis
(FDD) model based on guided waves and infrared thermography. The usefulness of UAVs
is exposed to smart and automatically analyze renewable energy plants with the help of

onboard sensors

Keywords: wind turbine, structural health monitoring, macro-fiber composite,

Maintenance Management.



Introduction
This graph shows the growth trend of the Renewable Energy implantation. The wind

energy and the solar energy had experimented a special growth for the last years, and it
is expected that this trend continue the next years. Especially, the implementation of
the Offshore wind turbines is being consolidated due the need of best environment
conditions for the power generation. In Figure 1 it can be observed that: On one hand,
offshore wind turbines in german waters produced more than 2 thousand megawatts of
electricity for the first time. On the other hand, the concentrator solar plants grew in
capacity of 27 percent. Spain remained the world leader in existing capacity. In addition,
in 2014 photovoltaic energy had another record annual growth, with 40 GW installed,
giving a total world capacity of about 117 GW.
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Figure 1 Renewable electricity generation by fuel type in the AE2015

Maintenance

Sometimes is difficult to increase the benefits for a given technology, so it is necessary to
focus in reduce the costs. The objective is to decrees the cost associated to failures and
downtimes. It is necessary to invest in new maintenance programs in order to minimize

the failure rates and downtime.
A Need to reduce costs
A Avoid failures
A Avoid Downtime
A increase inspections

There are three types of maintenance, the corrective, the preventive and the predictive.
The corrective maintenance is done when the failure occurs and then it is repaired. When
this happens, there are production losses due to the downtime and it results in high costs,
for example, to repair a wind turbine blade in a remote area or in an offshore wind

turbine.



The second one, the preventive maintenance is done when it is performance periodic
reviews, like to do oil changes or visual inspections. Other way is to replace those parts

of the plant after their life cycle.

The third one, is the predictive Maintenance. The aim of this type of maintenance is to
detect a potential failure before it occurs. The Nondestructive tests are a good option to
detect potential failures because they are not intrusive and doesn't modify the properties
of the inspected piece. These techniques are complementary with the common monitoring

system used today.

Inspection using Guided Waves

The guided waves are a nondestructive technique that uses ultrasonic waves that travel
through the inspected material. If there is any defect, the ultrasonic wave will be reflected
and an echo from the crack. The idea is similar to an echography but this guided waves
can inspect several meters. The transducers used are Macro Fiber Composite, and this
interdigited transducers can be suited for different pieces, for example curved pieces.
Ingenium Research Group has developed a new condition monitoring system able to

detect small cracks in pieces.

| 50cm |

|8 cm) 21,5 cm 1 12.5 cm | 3 cml

43 cm

Figure 2 Guided waves in a Wind Turbine Blade section

With this condition monitoring system, it is possible to detect the following disturbing
elements that affects to the performance of the power generation. The problem with the
ice in the cold regions for the wind power generation can be detected with this condition
monitoring system. Due to the ice affects to the transmission of the ultrasonic waves.
Other problem is the delamination between layers of the composite of the wind turbine
blades due to the fatigue. Other problem that reduces the efficiency of the wind power
generation is the accumulation of dirt and mud in the front edge of the wind turbine
blade, and we have been done experiments to detect it. And the last one is the detection
of welds and faults in the absorber pipes of the concentrator solar plants. The guided

waves can inspect several meters of the absorber tubes.



Figure 3 Captured Lamb wave in a WT blade section

When the system collects the signals, they need a signal processing to remove noise and
advanced techniques to extract the relevant information. Some of this methods are:

Wavelet transform, cross correlation, correction method and time reversal.

The Ingenium Research Group has built a test rig that simulates the work conditions of
a concentrator solar plant. Where different experiments have been realized and it has
been developed algorithms that identify the welds and de defects, and it locates and

determines the size of the fault,

Inspection using an Infrared Radiometer

Other nondestructive technique is the thermography. The sensors employed by Ingenium
Research Group are composed by a germanium lent. With this sensor it is possible to
inspect the surface of the pieces and determine if there is any element by measuring the
emissivity of the piece. For example, I is possible to inspect the surface of the wind
turbine blades and to know if the blade is frozen or not, and if the blade has accumulation

of ice or not.

Figure 4 Infrared radiometer

Use of drones for Icing detection by infrared radiometer
The trend is to automatize the maintenance in order to reduce costs. The drones are one
of the best options to inspect remotely the power generation plants due to their low

weigh, automation and capability to inspect big areas. Ingenium Research Group is



working actively with a DJI 900 to inspect with the infrared sensor the photovoltaic solar
plants. The data collected by the sensor is processed and transmitted by Arduino to the

condition monitoring system.

A drone with a thermo-camera can inspect a solar plant and search for hot points. The
hot points mean that this cell does not work properly. This operation allows to reduce
costs and to detect the problem quickly. It also can detect dirt and mud in the surfaces

of the solar panels, it can produce an alarm to clean them.

For inspecting the wind turbines, drones can be used for inspecting the blades, tower and
the nacelle. It is possible to use a drone with a high resolution camera with specialized

software that analyzes the images and give an alarm when it found any defect.

Figure 5 UAV for photovoltaic solar plants inspection.

Conclusions

1 The growth of the Renewable energies and the need to reduce maintenance costs
makes that predictive maintenance have a vital role in the production of this
energies.

1 Ultrasonic guided waves are a good option to inspect pipelines for concentrator
solar plants and Wind turbine blades.

1 Solar plants can be inspected automatically by a Drone with an infrared
radiometer
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