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The paper presents an analysis of the results of monitored on-line Enercon E40/6.44 wind turbine with gearless
designed synchronous generator and a nominal power of 600 kW. In recent months, this plant underwent with high
frequency emergency stopped, the source of which was the acceleration control system located in the nacelle. This
situation causes signi�cant and unnecessary overload of the power plant components but most of all causes signi�-
cant losses of production of renewable energy due to operational downtime. This article analyzes the circumstances
of errors reported by the turbine control system associated with the acceleration sensor based on data recorded
during several months of using on-line SCADA system. An assessment of the impact of a number of indicators
related to the wind speed and direction of the nacelle on the operation of the safety system of the turbine has been
carried out. Also the possible causes of irregularities were proposed, which may be the subject of further research,
especially with the use of advanced diagnostics based on vibroacoustic method.
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1. Introduction

The basic components of a wind turbine safety system
may include the following subsystems: automatic turbine
stopping subsystem based on the hydraulic brake system,
emergency battery powered blade angle control system
(pitch control) and a set of measuring sensors. The group
of sensors relevant to the safety and reliability of the tur-
bine are: temperature sensors, current measurement sys-
tems of the powered devices, limit switches of rotary el-
ements but also vibration and acceleration measurement
systems placed in the nacelle. These factory-mounted
sensors ensure mainly the safety of the mechanical con-
struction of the whole turbine especially during periods
of high wind [1].
The source of the historical data under analysis for

purpose of this article was an on-line SCADA system,
that meets the basic tasks in the �eld of data acquisition
of power plant control system [2] and data transmission
using widely available technology based on GSM/GPRS
standards [3].
The results presented in this paper constitute a �rst

research step of the analyzed turbine failures and their
goal is to try to identify the circumstances of their occur-
rence. The next phase of the diagnostics should include
advanced vibroacoustic methods with additional special-
ized equipment used in such works as [4�13] and advanced
numerical data analysis techniques introduced in [14�16].

2. Calculation of energy losses

For the purposes of this article data archived in the
SCADA system were exported and then have been sub-
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jected to a suitable numerical analysis. The total num-
ber of measurement data points included 210676 mea-
surements averaged over each measurement period cor-
responding to one minute.
Data length: 210676 min = 146 days = about

5 months.
The vector of measurement data consisted of the fol-

lowing values (related to 1 min): minimal, mean, and
maximal wind speed, mean rotor speed, minimal, mean,
and maximal output power, acceleration error status (bi-
nary), wind and nacelle direction di�erence and nacelle
position. In the period of 5 months the mentioned accel-
eration error occurred 104 times (Fig. 1).

Fig. 1. Occurrences of acceleration error (value = 1)
in the whole analyzed data period encompassing above
210 000 data points.

Total time of turbine error: terror = 475 min =
about 8 h.
Total time of production losses: terror2 = 2126 min =

35.4 h (includes the time to restart the machine and nor-
mal power production state � Fig. 2).
At the maximal output power (Pmax = 600 kW) the

energy losses were: Eloss = 21240 kWh = 21.2 MWh
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(≈ 20�40% of monthly production and ≈ 4�8% of total
production in the whole analyzed period of time).

Fig. 2. The time chart of momentary generated power
� A, wind speed � B and error signaling � C at se-
lected moment.

Figure 2 magni�es the di�erence between the value of
terror and terror2 indicators. It is clear that the signaling
time of wind turbine failure is much shorter than the total
downtime of the machine and thus does not represent all
losses of electrical energy production as a consequence of
its occurrence.

3. The in�uence of several factors on the

occurrence of vibroacoustic error

The importance of the problem described in this ar-
ticle is indicated by the amount of energy losses includ-
ing from 20 to 40% of the monthly production, which
can reduce the long-term economic viability of the whole
investment. It was found that the primary task of en-
abling the identi�cation of the source of vibroacoustic
fault signal reported by the wind plant control system
is the analysis of the circumstances at the moment of
its occurrence. In the following sections an attempt was
made to analyze the circumstances through the impact
of the following process variables available in the SCADA
system: mean wind speed, nacelle position, mean rotor
speed, mean output power, and wind and nacelle posi-
tion di�erence. The analysis of one-minute minimum and
maximum values for wind speed and momentary power
production showed no signi�cant di�erence in relation
to the analysis of one-minute average, and therefore was
abandoned completely in this article.

3.1. The in�uence of mean wind speed
on vibroacoustic error appearance

The primary characteristic parameter of wind tur-
bines is the momentary wind speed measured using an
anemometer mounted at the nacelle. In the considered
period of time, values in the range from 0 to 26 m/s were
observed.
Figure 3 plots a histogram of mean wind speed at

which the error signal called by the accelerometer oc-
curred. From the diagram it can be seen that the event

Fig. 3. The histogram of the mean wind speed at the
time of an error reported by the accelerometer.

occurs mostly at wind speed of about 12 m/s which may
suggest problems with the own frequency resulting from
the modi�cation of the mechanical construction of the
tower or even foundations, problems with the bearing of
the generator or the nacelle itself and blades problems
related with their calibration or parameterization of its
control system.

3.2. The in�uence of nacelle position
on vibroacoustic error appearance

Another characteristic parameter analyzed is the posi-
tion of the nacelle, which is also an approximate indicator
of the direction of the wind. These characteristic peaks
can be seen in the histogram in Fig. 4.

Fig. 4. The histogram of the nacelle position at the
time of an error reported by the accelerometer.

3.3. The in�uence of mean rotor speed
on vibroacoustic error appearance

Based on the histogram of mean rotor speed depicted
in Fig. 5 it can be concluded that the errors always oc-
cur at the nominal rotor speed of about 32�33 rpm. Few
values below are due to a sharp deceleration of the ro-
tor and the impact of lower velocity values on one minute
averaging of this parameter. In conjunction with the pro-
posals for the wind speed at which it comes to emergency
stop of wind turbine caused by the accelerometer there
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can be assumed that it comes to it during the phase of
starting or ending phase of working pitch control system.
These circumstances may indicate problems with the cal-
ibration parameters of the blades or some irregularities
in the control and regulation system.

Fig. 5. The histogram of the mean rotor speed at the
time of an error reported by the accelerometer.

3.4. The in�uence of mean output power
on vibroacoustic error appearance

The results presented in Fig. 6 illustrate the full range
of produced power from 0 to 630 kW according to the
wind turbine controller factory settings. More precise re-
sults are showed in the histogram of average momentary
power production at the moment of the fault indicator
reported by the accelerometer included in Fig. 6. It is
clearly visible that the emergency stop of wind turbine
occurs mainly at power productions close to the nomi-
nal value of wind turbine. This situation is not directly
related to the cause of irregularities, but is the direct
cause of large losses of renewable energy which cannot
be produced.

Fig. 6. The histogram of the mean generated power at
the time of an error reported by the accelerometer.

3.5. The in�uence of wind and nacelle position
di�erence on vibroacoustic error appearance

One of the main tasks of the wind turbine control sys-
tem is to adjust the nacelle rotation direction to the di-
rection of the wind velocity vector at a given time. The

setup value of the controller is set to 0, which means
the overlapping of both operational directions, and the
measured value is wind and nacelle position di�erence.
Figure 7 shows the dependence of the error signal re-
ported by the accelerometer in the nacelle, depending on
the di�erence in wind and the nacelle direction at the
time of its signaling through the construction safety sys-
tem of the wind turbine. The drawing shows a certain
asymmetry in the distribution of data points relative to
the 0 value. This asymmetry is clearly visible on the his-
togram of the di�erence in wind and nacelle direction.
Such a symptom may indicate irregularities in the bear-
ing system of the generator, construction and calibration
of the blades itself or incorrect parameterization of the
pitch control system. This situation can also be further
a�ected by strong one-sided lateral wind gusts occurring
at the location of the wind turbine.

Fig. 7. The histogram of the wind and nacelle posi-
tion di�erence at the time of an error reported by the
accelerometer.

4. Summary

In conclusion, the analyses carried out using the
process variables available in the SCADA system and
averaged at one minute periods, such as: mean wind
speed, nacelle position, mean rotor speed, mean output
power, and wind and nacelle position di�erence, made
it possible to de�ne the circumstances under which it
comes to fault signaling whose source is an accelerometer
mounted in the nacelle of wind turbine. The circum-
stances of the error reported are as follows:

Wind speed:

• at mean wind speed = 11.7 m/s errors occur very
often,

• at mean speed < 9 m/s and > 14 m/s no error
occurred.

Nacelle position:

• two dominant nacelle positions: −200◦ and +190◦.

Rotor speed:
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• at rotor speed ≥ 32 rpm.

Output power:

• at power production > 500 kW.

Wind and nacelle direction:

• a clear asymmetry is visible on wind and nacelle
direction di�erence.

Power curve:

• starting or ending of pitch system activity.

5. Conclusion

Error signaling reported by the supervisory and control
system of wind power plant as a result of some irregular-
ities is a key element of its safety system. The sources of
signaling error may concern the electrical grid, defective
elements and electrical components as well as a number of
activities related to the normal operation of wind turbine
such as twisted cables as a result of multiple rotation of
the nacelle. But much of signaled errors are critical and
are responsible for the stability and safety of mechanical
construction of the wind turbine itself. It constitutes the
safety of operations of any wind power plant.
The main object of the introduced analysis is the er-

ror signaling reported by the accelerometer located in the
nacelle and its circumstances. The results presented in
the paper do not allow to clearly identify the cause of
the irregularities but they provide a very important di-
agnostic information and bring the diagnostic team much
closer to the precise location of the source of the prob-
lem. Based on the collected data, we can predict the
possible causes of their occurrence, which include: wrong
calibration parameters or operation of blades, blade un-
derweight, abnormal values of parameters of the wind
turbine pitch control system, improper own vibration
parameters resulting from the modi�cation of the steel
tower segment, possible problems with foundation, pos-
sible problems with the generator and azimuth bearing
or whole azimuth itself.

The next steps require a need of further research, es-
pecially with the use of advanced diagnostics based on
vibroacoustic method.
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