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Figure 1: Map of Germany showing

the location of the 3 sites

Wind Power is now a mature and established technology. There have

been several studies into the reliability of large wind turbines, but very

little focus on the root causes of failures and downtime. This paper

focuses on how turbine reliability varies between three different

German locations, shown in Figure 1 to identify how this affects failure.

There is also emphasis on how location affects specific sub-

assemblies. Each site has the same turbine model, Enercon E32, one

of the first variable speed turbines to utilise a fully rated converter.

ÅTo Identify correlations between weather phenomena and failures

ÅTo identify failure pattern differences between individual locations

ÅTo link weather phenomena with individual subassembly failures

MethodsMethods

The SitesThe Sites

Correlation Plots
ÅFigure 4 shows the circular

cross-correlation of daily

average humidity and failure

rate. The size of the samples

means all the correlations are

significant, and couldnôthave

arisen through random chance

ÅFigure 5 shows a correlation

for the electrical and

mechanical sub-assemblies.

The periodicity which is clear

in the electrical correlation is

absent in the mechanical

Fehmarn - Situated on an

Island in the Ostzee. Highest

average wind speed, lowest

temperature variation

Ormont ï Sited in a hilly

area well inland. The coldest

of the three sites in winter.

Relatively low wind speeds

Krummhörn ïApproximately

1km inland on the Nordzee

coast. Highest failure rate

per turbine
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ÅAll the sites have an unusually high proportion of electrical

failures. This is common in more modern variable speed drive

turbines, but was not common for turbines of the age of the E32.

This is because the E32 was an early variable speed turbine

using a fully rated converter, which was unusual at that time

ÅThe island site, Fehmarn, has a higher proportion of Electrical

and óBackof House or Internal Subassembliesôfaults than the

other two sites

ÅThe weather phenomenon which gives the highest cross-

correlation coefficient with failure varies from site to site.

Krummhörn is most affected by humidity, Fehmarn by high wind

speeds, and Ormont by the standard deviation of wind speed,

which is a measure of turbulence.

ÅWeather is affecting turbine failure root causes but it is difficult to

identify failure root cause without failure mode knowledge. To

improve turbine reliability further work is needed to determine

which root cause drives specific failure modes

Figure 2: Examples of cross correlation methods using Maximum

Daily Temperature at Fehmarn

Figure 4

Figure 5
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Equation 1: The cross correlation

of two discrete signals, f, failure &

g, weather phenomenon
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