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SUMMARY

Findings

Wind is one of the world's fastest-growing renewable
energy sources, supplying more new power generation
<10
than any other technology in 2015 [1]. As wind energy
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continuous to develop with increasing wind turbine
power capacities often deployed offshore, and existing
>15
wind farms constantly ageing, improving its reliability and
hence decreasing the cost of energy becomes crucial. In
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this framework, maintenance is required to make sure Figure 1. Age of Spanish wind farms. Source AEE.
that the components continue to perform the functions
they were designed for and to recover from breakdowns [2], hence guaranteeing its reliability.
The Operation & Maintenance costs of wind turbines might account for about 25% of the
overall energy generation cost for onshore wind turbines and 35% for offshore wind turbines
[3]. Current maintenance planning is not optimized; it is
possible to make wind turbine’s operation more efficient. This
becomes vital offshore where wind turbines might be
inaccessible for 1-2 months [4]. As part of the Operation &
Maintenance activities, Condition Monitoring plays an
essential role in scheduling maintenance strategies, preventing
catastrophic failures and, hence, extending the wind farm's
lifetime [5], which is key in those countries where wind farms
Figure 2. Wind Turbine. Source Vestas.
have reached their expected lifetime.

Development of a high performance condition
monitoring system:

• The acquired signals will be processed using advanced
techniques according to the state-of-the-art.
• New signal processing techniques will be developed in
order to extract symptomatic features.
• Fault detection algorithms will be implemented after
feature extraction in order to provide diagnostic and
prognostic of the wind turbine’s health.
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Figure 5. Historical FFT for the last 12 months (left) and detail of the peaks related to unbalance (right).
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Table 1. Amplitudes for left and right side bands (LSB, RSB) of unbalance related peaks for the past 12 months.
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Figure 3. System development flow diagram.

CASE STUDY
The Problem

Figure 4. Doubly fed induction generator and bearing.

The frequency components of the potential faults have been calculated for different states of
speed and load of the DFIG, and those related to shorted turns and rotor unbalance identified
in the spectra, although with low amplitude (more than 25dB difference with the supply
frequency). An analysis of the past year is presented as follows (Figure 5) for the state with
highest load and highest speed in order to study the change (if any) of those mentioned peaks.

Unbalance fault frequency components relate to those associated with the rotor’s turning
speed, hence they can be present even in a healthy machine. They will be fault indicators when
their amplitude is considered high (less than 25dB difference with the supply frequency
amplitude). An increment in the amplitude of the left or right side bands (LSB, RSB) is not
appreciated for the DFIG under study. The evolution found is detailed as follows (Table 1).

OBJECTIVE

• The electrical parameters of the generator will be
gathered under different conditions of load and
speed, and different states, steady and transient.

Current signals of the stator, rotor and rectifier sides were available from their database and
have been used for the present study. The spectral content of the stator current has been
analysed by applying Fast Fourier Transform (FFT) to the current in its waveform.

In collaboration with Ingeteam Service
S.A., a 1.5MW DFIG wind turbine has
been selected for a case study. The wind
turbine presented abnormal vibration
levels (too high) on the drive-end
bearing of the generator. The wind farm
operator decided to replace the
mentioned bearing. One week after the
replacement, the vibrations raised again
to the level as gathered before, and
have stayed constant (at high levels)
since. The mentioned facts have led to
suspect that there can be a fault in the
generator, possibly in the rotor.

CONCLUSIONS AND FUTURE WORK
Traditional FFT techniques do not provide
conclusive information on the existence of any
specific fault in the DFIG under study. Some peaks
related with specific fault frequencies can be seen
but their amplitude is too low to consider them as
fault indicators. Therefore, further analysis is
needed.
For that, advanced signal processing techniques
are under investigation in order to develop new
means of detecting incipient faults that the
current methods are not able to detect nor
predict nowadays. Novel techniques such as
Wavelets, Order Analysis, or Short Time Fourier
Transform (STFT) are being taken under
consideration to serve as the base for new
developments.

Figure 6. LabVIEW programming environment.

REFERENCES
[1] E. Warner, 2015. Global Wind Report. Annual market uptake, Technical Report, Global Wind
Energy Council.
[2] J. M. P. Pérez et al., 2013. Wind turbine reliability analysis. Renewable and Sustainable
Energy Reviews 23, pp 463-472.
[3] F. Q. Dinwoodie et al., 2012. Analysis of offshore wind turbine Operation & Maintenance
using a novel time domain meteo-ocean modelling approach. In: GT2012-68985, ASME Turbo
Expo 2012, Copenhagen, Denmark.

Approach
Current signature analysis has been used to investigate the induction generator’s health of the
DFIG under study. Current signature analysis is based on the recognition that an electric
machine driving a mechanical load acts as an efficient and permanently available transducer by
sensing mechanical load variations, large and small, long and short term, and converting them
into variations in the induced current generated in the induction machine windings. It is a
frequency information based technique in which one or various specific frequencies are used as
fault indicators. Because this fault detection scheme relies on the frequency information of the
current, an appropriate spectral algorithm must be used to identify the feature associated to
the fault.
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