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GREETING

It is very encouraging to observe that ForWind is making rapid progress in becoming an important wind energy 
research organization, not only on the German stage, but in particular on the European stage.

In a relatively short period ForWind, as a relatively young organization, has been able to establish itself as a focal 
point for wind energy research. 

Its international orientation is reflected by the fact that ForWind is represented in the Board of the European Wind 
Energy Association, plays an active role in the European Technology Platform Wind Energy and has become one of 
the motors behind the European Academy for Wind Energy.

Despite the organizational changes and the effects of the international financial crisis, the volume of the research 
activities grew considerably and became more and more focused on the hot topics of present day wind energy 
research: the offshore wind energy technology. 
 
Nothing is more frustrating for modern researchers than being confronted with a lack of industrial interest in the 
results of their work. The probability that this will happen to ForWind staff and co-workers has become negligible 
with the start of the Alpha Ventus offshore testing programme, its associated research prgogramme RAVE and the 
appearance of the first commercial projects in Germany. Reading the descriptions of the research activities carried 
out in 2009 leads to the conclusion that virtually all research has a relationship with the needs of the offshore 
sector. This focus, combined with the educational activities, reflected by the impressive number of PhD students 
(about 50) at the participating universities of Oldenburg, Hannover and Bremen provides confidence in the essen-
tial role ForWind will continue to play in the future.
.

Dr. h.c. Ir. Jos Beurskens
Chairman of the ForWind Scientific Advisory Board
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PREFACE

The year 2009 was overshadowed by an exceptional economic situation caused by the global finance system. 
Other than most industrial sectors, the wind energy industry continued on its path of growth and has been only 
little affected by this crisis. Nevertheless, available funding for new wind energy projects was steadily decreasing. 
Problems such as the global environmental crisis or the future availability of nuclear and fossil energy resources 
are still among the main public concerns, leading to a general agreement that the global energy system is in need 
of fundamental changes. Consequently a world wide substantial growth of wind energy application is expected in 
the forthcoming decades.

Research in wind energy is facing a growing demand as can be seen by many new research facilities and new research 
groups on both, national and international arenas. 2009 has been an important period of transition to ForWind.  
Having already started the change in 2008, ForWind has adopted a new organisational structure. A new partner, the 
University of Bremen, has been added thus increasing its strength and its international visibility as a research center in 
the North West of Germany. Furthermore several new groups in Oldenburg and Hanover became member of ForWind. 
With more than 50 PhD students ForWind is one the biggest academic centers for wind energy research world wide. 
ForWind has widened its research activities significantly which is documented by the many projects that are funded 
by sources besides the basic ForWind funding. 

Beyond the institutional reorganization the developement of ForWind has been substantially influenced by the 
foundation of the Fraunhofer Institute IWES. ForWind acts as academic partner of IWES and will establish two 
groups of the Fraunhofer institute at the Universities of Hannover and Oldenburg, while the head of the IWES 
Institute will also hold a chair at Leibniz Universität Hannover. 

We are very grateful to the State of Lower Saxony for its continuous support. This forms the basis to develop new 
research aspects leading to further applied projects and developments with partners from industry. The successive 
developments of joint research projects with industrial partners are mainly financed by the Bundesministerium für 
Umwelt, Naturschutz und Reaktorsicherheit (BMU) or directly through industrial cooperations as is documented 
in this report.

We would like to thank all ForWind personnel for their commitment to the center and their outstanding contri-
butions to its success, our business and research partners for many fruitful collaborations, and  the members of 
ForWind‘s advisory board for their always stimulating work.  

      
 Prof. Dr. Joachim Peinke     Prof. Dr.-Ing. habil. Raimund Rolfes
 Academic Speaker      Deputy Speaker
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ForWind, the Center for Wind Energy 
Research of the Universities of Olden-
burg, Hannover, and Bremen combines 
scientific know-how with research 
geared towards the industry. ForWind 
bundles the competencies of the three 
universities and is an adept industry 
contact. The administrative office of 
ForWind is located in Oldenburg. 

Executive Board

ForWind is led by a four member execu-
tive board consisting of two members of 
the Carl von Ossietzky Universität Olden-
burg and the Leibniz Universität Hannover 
respectively. All members have equal 
authority. 

The current executive board is made up of: 

Prof. Dr. Joachim Peinke 
(Academic Speaker) 

Prof. Dr.-Ing. habil. Raimund Rolfes
(Deputy Speaker) 

Dr. Detlev Heinemann 

Prof. Dr.-Ing. Peter Schaumann

 FORWIND – CENTER FOR WIND ENERGY RESEARCH

The Organization

Prof. Dr. Joachim Peinke Prof. Dr.-Ing. habil. Raimund Rolfes

Dr. Detlev Heinemann

ForWind was founded in 2003 through the 
support of the Ministry for Science and 
Culture of Lower Saxony. 
Since 2006, a formal agreement of the 
Universities of Oldenburg and Hannover 
exists to form a corporate research center 
as a joint institution. The University of 
Bremen joined in 2009.

What continues to make ForWind 
unique in Germany is that it is a uni-
versity institution serving to pass 
along its broad spectrum of expertise 
to the industry by way of cooperating 
projects. Within the industry, ForWind 
has established itself as a competent 
research partner. 

Prof. Dr.-Ing. Peter Schaumann
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Scientific Advisory  Council   

Chairman:
Beurskens, Jos, Ir 
Energy research Centre of the Netherlands 
(ECN)

Members:
Clauss, Günther, Prof. Dr.-Ing. 
Technische Universität Berlin 

Hermsmeier, Jörg, Dr. 
EWE Aktiengesellschaft 

Hulek, Klaus, Prof. Dr.
Leibniz Universität Hannover 

Molly, Jens Peter, Dipl.-Ing. 
DEWI GmbH

Niemeyer, Matthias, Prof. Dr.-Ing. 
Salzgitter Mannesmann Forschung GmbH 

Schmid, Jürgen, Prof. Dr.-Ing. 
Institut für Solare Energieversorgungs-
technik e.V. (ISET)

Weiler, Reto, Prof. Dr. 
Carl von Ossietzky Universität Oldenburg

Schroeder, Hans, Dr. 
Ministry for Science and Culture of Lower 
Saxony

Schubert, Matthias 
REpower Systems AG

Tworuschka, Hartmut, Dr. 
HOCHTIEF Construction AG

Associated Members of ForWind

Endowed Chair of Wind Energy (SWE), 
Universität Stuttgart, 
Prof. Dr. Martin Kühn

Institute of Foundation Engineering and 
Soil Mechanics, 
Universität Duisburg-Essen, 
Prof. Dr.-Ing. Werner Richwien

Research Institutes

The following institutes and research 
groups belonging to the Universities of 
Oldenburg, Hannover, and Bremen are 
active in ForWind:

Bremen Institute for Metrology, Automa-
tion and Quality Science (BIMAQ), 
Universität Bremen, 
Prof. Dr.-Ing. Gert Goch

Department of Computing Science, 
Environmental Informatics, 
Carl von Ossietzky Universität Oldenburg, 
Prof. Dr. Michael Sonnenschein 

Franzius Institute of Hydraulics, 
Waterways and Coastal Engineering, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Torsten Schlurmann 

Institute of Building Materials Science, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Ludger Lohaus

Instiute of Concrete Construction, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Jürgen Grünberg

Institute for Drive Systems and Power 
Electronics, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Axel Mertens and 
Prof. Dr.-Ing. Bernd Ponick

Institute for Electrical Drives, Power 
Electronics and Devices (IALB), 
Universität Bremen, 
Prof. Dr.-Ing. Bernd Orlik and 
Prof. Dr.-Ing. Nando Kaminski

Institute of Electric Power Systems,
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Lutz Hofmann

Instiute of Fluid Mechanics and 
Environmental Physics in Civil 
Engineering, 
Leibniz Universität Hannover, 
Prof. Dr. Insa Neuweiler

Institute of Machine Elements and 
Engineering Design, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Gerhard Poll

Institute of Soil Mechanics, Foundation 
Engineering and Waterpower Engineering, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Martin Achmus

Institute of  Physics, AG Energy 
Meteorology, Carl von Ossietzky 
Universität Oldenburg, 
Dr. Detlev Heinemann

Institute of  Physics, AG Marine Physics, 
Carl von Ossietzky Universität 
Oldenburg, 
Dr. Rainer Reuter

Institute of  Physics, AG Turbulence, 
Wind Energy and Stochastics – TWIST, 
Carl von Ossietzky Universität 
Oldenburg, 
Prof. Dr. Joachim Peinke

Institute for Steel Construction, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Peter Schaumann

Institute for Structural Analysis, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. habil. Raimund Rolfes

Institute of Turbomachinery and Fluid 
Dynamics-TFD, 
Leibniz Universität Hannover, 
Prof. Dr.-Ing. Jörg Seume



8

Carl von Ossietzky Universität Oldenburg, 
Institute of Physics, 
Pascal Knebel, Jörge Schneemann,
Joachim Peinke

Introduction

Atmospheric turbulent wind fields show 
intrinsic characteristics, which are differ-
ent from turbulence, generated by standard 
methods in the laboratory e.g. in the wake 
of cylinders or square grids. Analyses of the 
velocity increments show strong intermit-
tent behavior of atmospheric turbulence on 
all scales, whereas laboratory turbulence 
converges to Gaussian statistics for in-
creasing scales [1]. In reality wind turbines 
have to deal with much faster changes in 
the wind velocity vector than produced in 
standard laboratory experiments. These 
changes in the velocity vector can locally 
result in dynamic stall, which induces ex-
tra loads on the wind turbine blades.

Artificial Atmospheric Wind Fields Produced by 
Different Grids and Dynamic Stall Investigations  

Project Description 

This project is a conjunction of the three 
projects active grid, passive grids and 
dynamic stall. The goal is to produce ar-
tificial wind fields that match the statistics 
of atmospheric wind fields. The active grid 
consists of 16 axes with flaps fixed to them. 
Each axis is connected to a stepper motor 
to control the movement individually. This 
setup allows for production of turbulent 
flows as well as spatially defined velocity 
gradients like in the atmospheric boundary 
layer with increasing velocities for increas-
ing heights. Traditional ways to create such 
boundary layers need long sections with 
passive parts to condition the wind field to 
match the desired requirements (e.g. [2]) 
where the active grid does the condition-
ing right at the outlet of the wind tunnel. 
The active grid can operate in two modes, 
in active mode and in passive mode. The 
advantage of the active mode over the pas-

sive mode can be seen in figure 1. It shows 
a comparison of the calculated power 
spectra from velocity measurements of 
the respective turbulent flows. The power 
spectrum from the active mode holds a 
longer inertial range, which corresponds to 
larger spatial structures (bigger eddies) in 
the flow. The statistics of the velocity in-
crements on a time scale of 0.01 seconds 
(= 100Hz) show intermittent behavior 
for the active mode where for the passive 
mode the distribution already converged to 
Gaussian. These wind fields in combina-
tion with small wind turbine models can 
be used to investigate the resulting effects 
e.g. on loads. Continuing work will focus 
improving the algorithms that drive the 
axes in order to reproduce wind fields with 
different site conditions in the wind tun-
nel. These wind fields will then be used to 
characterize e.g. model wind turbines and 
different anemometers under atmospheric 
like flows.  
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Figure 1: Comparison of power spectra 
of wind fields produced by passive grids 
mode (blue) and active grid mode (red). 
The small pictures show the probability 
density functions of the velocity incre-
ments for the corresponding scales.

WIND AS A RESOURCE, Oldenburg
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So far the active grid has not been used 
in combination with the closed test sec-
tion of the wind tunnel at the University 
of Oldenburg. To characterize the lift 
behavior of an airfoil of type FX 79-W-
151a under turbulent inflow conditions, 
passive grids have been installed to create 
turbulent wind fields. Besides a standard 
square grid a so-called fractal grid has 
been used [3]. The basic shape of the used 
fractal grid is a square where at each cor-
ner smaller squares with a defined ratio of 
width and length to the next bigger square 
are added iteratively (for a detailed descrip-
tion see [4]). Statistics of time series from 
turbulent wind fields behind a fractal grid 
show intermittent behavior on more scales 
compared to conventional square grids. 
To characterize the angle depended lift 
of the airfoil the mean angle of attack of 
the airfoil with respect to the main wind 
direction was changed in the range from 
5° to 25°. Figure 2 shows the results for 
laminar inflow, for turbulent inflow gener-
ated by a standard square grid and for tur-
bulent inflow generated by a fractal grid 
with five iterations. The red curve for the 
laminar inflow condition shows the ex-

pected lift behavior for increasing angles 
of attack with a small standard deviation. 
The two curves for the situation with tur-
bulent wind field exhibit the characteris-
tics for dynamic stall measurements with 
an increased and shifted maximum of the 
lift where the angle of attack is actively 
changed with defined angular velocities 
[5]. The two turbulent flows differ in the 
statistical behavior of the velocity incre-
ment and in the turbulence intensity (Ti), 
which corresponds to a smaller standard 
deviation for identical mean velocities. 
Remarkably for this experiment is the 
increased standard deviation in the lift 
coefficient for the measurements behind 
the fractal grid with the smaller standard 
deviation in the velocity time series com-
pared to the square grid [6]. This shows 
that differences in the higher order statis-
tics of turbulent flows have direct impact 
on aerodynamic effects and have to be 
considered especially by designing wind 
fields as input for computational models. 
Ongoing work deals with improvement of 
the experimental setup and the statistical 
description of this measured stall effect in 
order to develop a model. 

Summary 

The active grid gives the opportunity to 
produce wind fields with defined shear, a 
defined boundary layer and increment sta-
tistics right at the wind tunnel outlet. First 
results show the ability to produce bigger 
flow structures than the mesh size in pas-
sive mode. With this tests of for example 
wind turbine models and new anemometers 
are possible under more realistic and re-
producible wind conditions. Lift measure-
ments in turbulent flows created by passive 
grids show that airfoils exhibit dynamic 
stall like behavior even when they are not 
actively rotated. The fluctuations in the 
measured lift coefficient show sensitivity 
to the fine structured incoming turbulence. 
This shows the importance to understand 
and account for higher order statistics of 
turbulence expressed by intermittency.    

Figure 2: Measured lift coefficient with standard deviation for different inflow condi-
tions. Red: laminar inflow, Green: turbulent inflow generated by square grid with tur-
bulence intensity of 6.7%, Magenta: turbulent inflow generated by fractal grid with 
turbulent intensity of 4.6%.
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Carl von Ossietzky Universität Oldenburg, 
Institute of Physics,
Allan Morales, 
Patrick Milan, Tanja Mücke, Philip Rinn,
Matthias Wächter

Introduction

The conversion of wind energy into elec-
trical power necessarily takes place in the 
turbulent atmospheric boundary layer. As 
a consequence, the statistics of the wind 
resource is complex, exhibiting instation-
ary, non-Gaussian properties together with 
higher-order multipoint correlations and 
high levels of noise. The Turbulence, Wind 
Energy and Stochastics group has been de-
veloping methods for the treatment of such 
systems over the recent years. In 2009 
advances have been achieved in the fields 
listed in the following sections.

Project description

Advanced characterization of atmospheric 
turbulence
Common methods for analysis and char-
acterization of atmospheric turbulence are 
mostly restricted to basic statistical proper-
ties. It is known that in atmospheric flows 
more complex statistical features are present 
[1] and have a major impact on wind energy 
conversion. Two practical approaches have 
been developed to advance turbulence char-
acterization. First, for the probability den-
sity functions (PDFs) of wind speed fluctua-
tions u' = u(t) - <u> a superposition model 
based on Castaing's approach [2] has been 
worked out. By this model a significantly 
improved estimation of the probabilty of 
extreme fluctuations is achieved. Second, a 
comprehensive characterization scheme for 
atmospheric turbulence has been developed 
[3]. As one practical enhancement to tradi-
tional methods it suggests the characteriza-
tion of higher-order two-point correlations 

Stochastic Methods and Modeling

by the form parameter Lambda, which is 
straightforwardly estimated from meas-
ured data (see Fig. 1).

Stochastic modeling of atmospheric 
windspeed and electrical Power output:
A stochastic model has been proposed to 
reproduce the turbulent fluctuations ob-
served on atmospheric wind speed time se-
ries. It stochastically predicts high frequen-
cy (~1Hz) wind speeds from low frequency 
(~1mHz) atmospheric wind measurements 
or forecasts. The fast fluctuations are mod-
eled by a stochastic differential equation, 
the Langevin equation, cf. section.

Figure 1: (a) PDFs of wind speed differences for time lags of 2, 4, 10, and 60 s from 
bottom to top (symbols), and according Gaussian PDFs. (b) The same empirical PDFs 
modeled by the proposed approach.
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WIND AS A RESOURCE, Oldenburg

It serves as a simplified model for the com-
plex turbulent effects, which still reproduc-
es important statistical features such as in-
termittency and gusts. In the same fashion, 
a second stochastic model is proposed to 
simulate the high frequency (~1Hz) power 
output of a wind energy converter (WEC) 
by a Langevin equation. While it reproduc-
es the proper long-time behavior, the faster 
fluctuations are described correctly in a 
statistical sense, as shown in figure 2. This 
allows for a fast and flexible modeling of 
WEC power output based on site-specific 
wind characteristics [4]. 

(a)

(b)
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Figure 2: Comparison of 
measured (black) and 
modeled (red) power 
output for 30 minutes for 
a multi-MW WEC model, 
together with 10 minute 
mean values (horizontal 
full lines) and standard 
deviations (horizontal 
dashed lines). 
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Numerical modeling of wind 
energy converters
The previously developed Langevin power 
curve [5] can be used to quantify and validate 
also numerical turbine models and charac-
terize their dynamics. In 2009, we have suc-
cessfully applied the Langevin power curve 
to a numerical model of the virtual 1.5MW 
WindPact WEC [6] as a tool to characterize 
its performance [7]. The dynamics software 
FAST simulates the inner mechanics and the 
resulting power output for the virtual wind 
turbine placed into a measured wind field 
grid [8, 9]. As we simulate the dynamics of 
the WEC under turbulent, intermittent in-
flow conditions, the modeled power output 
displays the intermittent behavior observed 
in real conditions. The Langevin power 
curve is determined using the wind speed at 
hub height and the power output from the 
atmospheric full field simulations. The ob-
tained power characteristic is closer to the 
shape of an ideal power curve than a power 
curve following the current standard IEC 
61400-12-1. Under healthy conditions we 
obtain an initial reference Langevin power 
curve. Malfunctions of the WEC will spoil 
the conversion dynamics and are sensitively 
detected by the Langevin power curve.

Damage detection by stochastic 
modeling
In wind energy detecting damages be-
comes more and more important, espe-
cially offshore. Most current damage 
detection systems search for changes in 
eigenfrequencies. One drawback of this 
approach is that noisy excitation of the 
structure makes it harder to detect changes 
reliably, because peaks in the frequency 
spectrum are broadened due to the noise 
and changes can not be detected precisely. 
An approach to damage detection by re-
construction of a Langevin equation from 
measured data was developed as a diploma 
thesis. In contrast to other methods the de-
terministic and the stochastic part of the 
system are separated, as a damage changes 
only the determinism of the system. From 
data sets of damaged and undamaged 
beam structures in turbulent air inflow the 
drift coefficient, which characterizes the 
deterministic dynamics, is reconstruct-
ed. It is shown that the slope of the drift 

changes with increasing damage, allowing 
for an early and sensitive detection.

Summary

In the field of stochastic methods and 
modeling, advances have been achieved 
in the characterization of atmospheric tur-
bulence, the stochastic modeling of wind 

and power output time series, and damage 
detection by stochastic methods. Further-
more, numerical modeling of WEC could 
be successfully combined with the stochas-
tic approach of the Langevin Power curve. 
These results can be considered valuable 
for the advancement of wind energy usage, 
and have found positive resonance in the 
community. The work in this field is going 
to be continued.
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Introduction

The calculation of wind turbine aerody-
namics is up to now heavily dependent on 
empirical models. Although the physical 
principles of the fluid dynamics are thought 
to be fully understood, the resulting formu-
las cannot be solved analytically. So mod-
els were derived from basic wind tunnel 
testings and some numerical calculations 
– which imply strong simplifications of 
the flow phenomenon. Especially as most 
turbine rotors cannot realistically be inves-
tigated in wind tunnels, new methods are 
necessary for aerodynamic improvements.
Using computational fluid dynamics to 
solve the underlying equations gives us 
promising tools to improve the models and 
investigate complete flow fields around 
wind turbine blades. The drawback of the 
method lies in the contradiction between 
resolution of the flow vs. the accuracy of 
the calculation. Since the turbulent wind 
field around the turbine and the turbulence 
generated by the turbine involve a huge 
span of scales and the numerics need to 
resolve all scales completely to be correct, 
the computational cost can become inac-
cessible. Therefore for numerical calcula-
tions two approaches have been chosen: 
1. The reduction of the solved problem for 
very high precision calculations.
2. The implementation of models for some 
of the phenomenon to reduce the computa-
tional costs.

In ForWind we have mostly followed the 
first approach using high order spectral 
element methods for detailed simulations. 
Recently another focus on general averag-
ing models using the code OpenFOAM has 

Computational Fluid Dynamics 
for Wind Turbine Aerodynamics

been added to the field of research. The 
main focus of last years research has so far 
been on resolving difficult flow phenom-
enons with high order methods.

High Accuracy Aerodynamic 
Simulations

The unsteady flow over an oscillating 2D 
airfoil has been simulated using a high-
order numerical method associated with a 
moving frame of reference technique. Due 
to the fact that most of the numerical meth-
ods used in the scientific community are 
second-order accurate in time and space, 
we choose here to use a high-order method 
in an attempt to obtain higher resolution 
data that will permit more information 
about the unsteady flow.

The simulations are for low to moderate 
Reynolds numbers and the airfoils are sta-
tionary or oscillating. This latter configu-
ration has several domains of applications 
as Small Wind Turbines and Micro-Air-
Vehicles. Due to the fact that oscillating 
airfoils can produce thrust or drag depend-

ing on the shape of the near airfoil-wake, 
these flows are of great importance. A large 
parametric interval has been simulated to 
account for the effects of varying the am-
plitude and frequency of oscillations on the 
drag and thrust produced by the harmoni-
cally oscillating airfoils. The parametric 
domain swept by the simulations consider 
small amplitudes and high frequencies.

Fig. 1 shows the resulting flow particularly 
of the boundary-layer region. 

The effects of varying the mean incidence, 
the Reynolds number, the frequency and 
the amplitude of the oscillation were inves-
tigated.

It became clear from the results obtained 
that the major governing parameters in 
defining the flow around and in the near-
wake of the airfoil are the frequency and 
amplitude of oscillations independently. 
This means that the Strouhal number is not 
the only parameter needed to characterize 
the flow, but both the frequency and the 
amplitudes are needed.

Figure 1: Vorticity around a NACA 0012 airfoil in heaving motion

WIND AS A RESOURCE, Oldenburg
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The effect of the Reynolds number is found 
to be minor on the flow configuration, al-
though increasing the Reynolds number 
increases (decreases) the maximum (mini-
mum) peak-values of the aerodynamic co-
efficients.

Further the flow over a fx77-w500 airfoil 
has been simulated at an anlge of attack of 
12°. The airfoil has been used by wind tur-
bine manufacturers in the blade root region 
to improve the aerodynamic situation of 
the inner blade. The airfoil has a “half-pro-
file” shape, consisting of the airfoil shape 
at the profile tip and a blunt tail. Under 
higher angles of attack the flow separation 
and the loads on such an airfoil are hard 
to predict. Averaged simulations done by 
a blade manufacturer showed large differ-
ences between wind tunnel measurements 
and simulations. Thus a direct numerical 
simulation using the high order spectral 
element method was conducted at a Rey-
nolds number of Re=10000.

The flow in the wake of such an airfoil 
proved to be highly turbulent (see fig. 2). 
One reason is, that some of the wake vor-
tices interacted with the flow on the suc-
tion side of the airfoil triggering additional 
separations in the trailing edge region of 
the airfoil. This leads to a very irregular lift 
of the airfoil with turbulent characteristics. 
The drag was found to be very high and in 
its characteristics also turbulent.

Additionally to the simulation on single 
airfoils steady and unsteady Reynolds 
averaged simulations have been done at 
realistic Reynolds numbers for complete 
turbine blades using the open source code 
OpenFOAM. OpenFOAM is more a tool 
box for field calculations than one pro-
gram. Thus different problems lead to dif-
fering approaches. Here ForWind followed 
two approaches using a rotating reference 
frame solver for steady RANS simulations 
and a turbulent dynamic solver for un-
steady simulations. The steady simulations 
have been used on a small wind turbine of 
4.5 meters diameter and a 40 m blade. The 
latter has also been simulated using the un-
steady solver.

Comparisons between measurements and 
the simulation results in the first and CFX-
simulation results in the seconds case 
showed however that the steady solver was 
not fit to such a problem. The unsteady re-
sults were, even though the grid resolution 
was improvable, comparable to the CFX 
results.

Summary

Numerical simulations for wind turbine 
aerodynamics remain to be a highly chal-
lenging task, especially as averaging meth-
ods often need to be employed and turbu-
lence models still have some deficiencies. 
High order methods could be used on low 
Reynolds number flows to investigate spe-
cific flow phenomenon on airfoils used 
for wind turbines. In the case of a moving 
airfoil the characteristics of the movement 
with respect to the loads have been inves-
tigated and lead to ideas which could be 
used for future improvements.

In case of the half-profile fx77-w500, the 
results revealed some flow phenomenon 
leading aerodynamic difficulties which 
probably could be overcome by a different 
design. However the phenomenon need to 
be confirmed for higher Reynolds numbers 
appearing at typical wind turbines in op-
eration.

Figure 2: 
Pressure Contours 
around an fx77-
w500 airfoil at an 
angle of attack 
of 12°

Using unsteady simulations we were also 
able to use OpenFOAM for rotating tur-
bine blades and achieve satisfying results 
comparable to commercial programs.
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Introduction 

Anemometers for atmospheric applications 
with a temporal resolution of a few kHz 
and a spatial resolution of a few millimeters 
respectively, are practically not available. 
By using commercial anemometers, which 
were originally designed for laboratory 
purposes only e.g. hot-wire or hot-film an-
emometers, measurement times are lim-
ited due to the unstable ambient conditions 
(e.g. temperature, humidity etc.) or due to 
the instability of the sensors. Research at 
FINO3 (Forschungsplattform in Nord- und 
Ostsee – Nr. 3) is also interested in small-
scale turbulence, which requires a sensor 
that allows for measurements in the dimen-
sions mentioned above. The goal of this 
project is to modify a newly developed 
sensor for laboratory applications to meet 
the requirements for atmospheric measure-
ments.

Project Description

The sensor setup is based on the 2D-Laser 
Cantilever Anemometer (2D-LCA), which 
has been developed and successfully tested 
at the Carl-von-Ossietzky University in 
Oldenburg under various flow conditions 
[1-4]. The 2D-LCA was designed to oper-
ate under laboratory conditions only and 
thus is not qualified to be installed off-
shore. The working principle is adopted 
from the atomic-fore-microscope. A tiny 
micro-structured cantilever is used as the 
crucial element of the sensor. When ex-
posed to wind flow the cantilever experi-
ences a deformation due to the moving 
flow. The total deformation is a superpo-

Development of a Laser-Cantilever-Anemometer 
for Measurements of Flow Velocities 

under Atmospheric Conditions

sition of bending and twisting, whereas 
each deflection type is sensitive to either 
the longitudinal or transversal velocity 
component. The amount of deformation is 
determined by the use of the laser pointer 
principle. A two-dimensional position sen-
sitive detector (2D-PSD) ensures that both 
types of deflection can be registered, i.e. 
both velocity components can be measured 
simultaneously. 

The goal of the project is to develop a sensor 
to measure flow velocities with a temporal 
resolution on a millisecond-scale together 
with a high spatial resolution allowing for 
detecting structures of millimeters in spatial 
extent. Furthermore the sensor must meet 
certain requirements in order to sustain the 
rough off-shore conditions on the mete-
orological mast. Therefore to ensure a long 
service time a robust and rainproof sensor 
housing is needed. Measurement data over 

Figure 1: Top: Prototype of a stainless steel cantilever. Bottom: FEM-simulations of the 
total deformation of a cantilever with a fin and without. Color levels indicate the strength 
of the deformation.

WIND AS A RESOURCE, Oldenburg
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a period of couple days without any mainte-
nance or recalibration are aspired. Another 
important project requirement is to adopt 
the existing data acquisition system of the 
platform to the sensor’s output signal. In 
order to meet the new challenges a lot of ef-
fort must be made to redesign the existing 
concept of the 2D-LCA. In the first place the 
cantilever needs to be adapted to the rough 
atmospheric environment. A small silicon 
cantilever of 140µm in length and a thick-
ness of only 2µm, as used for the laboratory 
2D-LCA, would easily break when exposed 
to rain or salty water drops. Instead a bigger 
and more robust cantilever is needed. Tak-
ing heat expansion and elasticity properties 
into account stainless steel turned out to be a 
suitable material for the new cantilever. The 
dimensions of the cantilever were speci-
fied to be 1.5 x 0.4 x 0.02mm in order to 
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Figure 2: Setup layout of the new sensor.

allow for measurements with the desired 
temporal and spatial resolution. A prototype 
of the new cantilever is illustrated in figure 
1 (top). It was manufactured using electri-
cal discharge machining. This manufactur-
ing process is used to create complex 3D 
structures on a sub-millimeter scale. Very 
thin layers of steel are removed from the 
workpiece by a rapidly repeating current 
discharge between a tool-electrode (erosion 
wire) and the workpiece itself. Although a 
very high cutting precision of only +/- 2µm 
of tolerance is yield, the process sets the 
structure swinging, thus causing a rough sur-
face of about Ra = 1. In order to reflect light 
at a wavelength of 660nm, a mean rough-
ness of about Ra = 0.05 is required. There-
fore current work focuses on surface treat-
ments to smooth the cantilever (see Fig. 1).
Unlike the silicon cantilever used for the 

2D-LCA, the new cantilever is equipped 
with an additional structure (fin) at the tip. 
The purpose of this fin is to increase the 
sensitivity of the cantilever towards cross 
winds, i.e. the transversal velocity compo-
nent. FEM-simulations confirmed that a fin 
will increase the amount of twisting sig-
nificantly. Figure 1 (bottom) visualizes the 
difference in deformation between a can-
tilever with a fin and without under same 
flow conditions. 

The sensor setup layout is illustrated in 
figure 2. The cantilever is attached in the 
front of the sensor, thus facing the main 
flow direction. The path of the laser beam 
is guided using an adjustable mirror and a 
beam splitter inside the housing (see Fig. 2). 

 

Summary

Based on the 2D-LCA a new sensor for 
measurements of flow velocities under at-
mospheric conditions is to be developed. 
The main challenge is to adopt the existing 
concept to a sensor, which should be ca-
pable of operating in rough environments 
like off-shore regions. It is desired to in-
vestigate thoroughly the turbulence behav-
ior on the FINO3 met mast over several 
days. Therefore high temporal and spatial 
resolutions are required. Current work 
deals with the optimization and treatment 
of the new cantilever prototype.
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von Ossietzky Universität Oldenburg, 
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Introduction

Wind energy converters (WECs) are op-
erating inside the turbulent atmospheric 
boundary layer and experience fast wind 
speed and direction variations on many 
different time scales during their entire 
lifetime. These turbulent flow conditions 
cause varying mechanical and aerodyna-
mic loads acting on the WEC, which result 
in fluctuations in the power production and 
lead to fatigue of WEC components over 
time. Consequently, detailed knowledge 
about the prevailing wind conditions is 
necessary for site assessment as well as 
for operating single WECs and wind parks 
respectively. Most anemometers like cup 
anemometers and ultrasonic anemometers 
suffer from several drawbacks such as the 
so-called “over-speeding” effect, mechani-
cal wear of bearings or flow distortions due 
to sensor mounts. As an alternative to com-
mon wind sensors, the sphere anemometer 
is developed as a fast and robust sensor 
for simultaneous wind speed and direction 
measurements.

Project description

The sphere anemometer is a new approach 
to drag-based wind measurements. For 
this purpose, a light sphere is mounted on 
top of a flexible tube, which is fixed to a 
streamlined casing. The drag force acting 
on the sphere and its support results in a 
velocity-dependent displacement of the 
tube’s tip. The measurement of the deflec-
tion is achieved by means of a light point-
er. Therefore, a laser diode is mounted on 
top of the flexible tube and aimed onto a 

Development of a Highly Resolving Sensor for 
Simultaneous Wind Speed and Direction Measurements

two-dimensional position sensitive detec-
tor (2D-PSD) located at the bottom of the 
measuring unit. This measuring technique 
is adopted from atomic force microscopy 
and has previously been applied to a mini-
aturized flow-sensor, namely the Laser-
Cantilever-Anemometer, which was also 
developed at the University of Oldenburg 
[1]. The temporal resolution of the sphere 
anemometer is limited by the resonance 
frequency of the tube with the attached 
sphere. This frequency depends on many 
factors like tube material, tube length, 
sphere weight etc. (for details see [2]). 
These parameters also influence the dis-
placement of the tube’s tip for different act-
ing drag forces and therefore for different 
wind velocities. The optical measurement 
method and its sensitivity to very small tip 
displacements consequently allows for an 
anemometer setup with a comparably high 
natural frequency. To characterize the tube 
material experimental investigations on the 
response behavior of the sphere anemome-
ter were performed for a variety of available 
tube materials and dimensions [3]. 

Additionally, wind tunnel experiments 
have been carried out to validate the exist-
ence of the anemometer’s two-dimensional 
calibration function for a smooth sphere [4]. 
Since structured sphere surfaces already 
have a turbulent boundary layer and de-
taching vortices have less energy to excite 
the system to vibrate, spheres with dimpled 
surface structures have been investigated. 
Experimental results show a significant 
dependence of the detected deflection on 
the angle of attack (AoA) in two-dimen-
sional calibration measurements with an 
angular resolution of 5°.  This effect was 
assumed to be caused by the coarse dim-
pled surface structure of the used sphere. 
As a consequence, spheres with different 
refined dimple patterns were designed and 
constructed as well as a smooth sphere for 
reference measurements. Wind tunnel tests 
with fine-dimpled spheres and a smooth 

sphere were performed. Figure 1 shows 
two-dimensional calibration functions for 
velocities between 5m/s and 11m/s for a 
smooth and a dimpled sphere. Each point 
represents the position of the laser spot on 
the 2D-PSD element for a combination of 
angle of attack and flow velocity. Both cal-
ibration functions exhibit clear deviations 
from the expected shape of concentrical 
circles at approximately the same angles 
of attack (exemplarily marked by ellipses). 
This observation led to the conclusion that 
the behavior has to be assigned to intrin-
sic properties of the fiberglass used as tube 
material (see Fig.1). 

Figure 2: Current sphere anemometer 
prototype with dimpled sphere and 
robust casing. 

WIND AS A RESOURCE, Oldenburg
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Based on the first streamlined anemometer, 
the setup was improved regarding its me-
chanical stability and modified towards 
its applicability for measurements under 
atmospheric wind conditions. In order 
to achieve a water-resistant anemometer 
setup, the previously used spheres made 
of polystyrene had to be substituted. One 
of the main challenges was the choice of 
a suitable alternative material providing 
both, very small weight and accurate work-
ability. The plastic casing of the sphere an-
emometer was replaced by casing with an 
aluminum bottom plate and a coated plas-
tic body, which made it more robust and 
impervious to light. Figure 2 shows the 
current sphere anemometer prototype with 
a dimpled sphere and the renewed robust 
casing (see Fig. 2): 

Ongoing research deals with the detailed 
characterization of the sphere anemometer 
under various conditions e.g. the impact 
of heat radiation, vertical velocity com-
ponents etc.. By redesigning the casing to 
be cylinder-shaped the optical path of the 

laser light will be increased and therefore 
the sensitivity of the sensor especially to 
small velocities. Furthermore, the stability 
of the anemometer will be improved by the 
substitution of the remaining plastic parts 
by aluminum.

Summary

Measurements with the sphere anemometer 
show that it has the potential to fill the gap 
between cup and ultrasonic anemometry 
regarding resolution and costs. The addi-
tional information about the wind direction 
at higher temporal resolution than the cup 
anemometer in combination with no mov-
ing parts clearly has an advantage. The 
more simple setup of the sphere anemo-
meter compared to ultrasonic anemometers 
makes the new sensor cheaper even though 
it measures only in the horizontal plane. 
Free field and offshore measurements will 
be carried out in the future to get more data 
under these conditions. 

Figure 1: Two-dimensional calibration functions for velocities between 5m/s and 11m/s (increasing radial) for a smooth sphere  (left) 
and a dimpled sphere (right). The ellipses exemplarily mark the deviation from the expected circles caused by the tube material 
propertie.
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Introduction

Wind measurement with LIDAR tech-
nology is strongly gaining in importance 
due to high costs of meteorological masts 
and the increasing demand for wind field 
measurements in large heights and with 

RAVE – LIDAR: 
Development of Lidar Wind Measuring Techniques 
for the German Offshore Test Site “Alpha Ventus”

high spatial and temporal resolution. This 
remote sensing technique presents signifi-
cant advantages, especially for offshore de-
velopment. The scope of this joint project 
is the development of LIDAR measure-
ments to support other research at alpha 
ventus [1]. The measurement techniques 
developed onshore at the Multibrid M5000 
prototype test site (see figure 1) have direct 
applications in the ground-based and na-
celle-based measurement of power curve 
and nacelle-based inflow and wake wind 
fields. Moreover, research is undertaken 

with regards to wake loading simulation 
and loading control strategies based on in-
flow measurements. Consequently, the op-
eration and construction of wind turbines 
can be optimized and their life time can be 
increased. Partners in this project are the 
Endowed Chair of Wind Energy (SWE), 
Universität Stuttgart, the ForWind Center 
for Wind Energy Research, Universität 
Oldenburg, the German Wind Energy Insti-
tute (DEWI), the German Aerospace Cent-
er (DLR), Areva Multibrid GmbH, and the 
Federation of German Windpower (FGW).

Figure 1: Test site near Bremerhaven with Multibrid 5 MW offshore wind energy converter prototype and meteorological tower.

WIND AS A RESOURCE, Oldenburg
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Project Description

The project is organized in four work pack-
ages. The work package LIDAR technology 
deals with the specification, acquisition 
and calibration of a commercial LIDAR 
system for the measurement campaigns. 
Amongst other topics, the characterization 
of atmospheric turbulence has been in-
vestigated at ForWind [2]. Furthermore, a 
scanner system for nacelle-based measure-
ments was developed and deployed. This 
additional system has been conceived with 
a certain flexibility to allow different tra-
jectories and to scan the flow field in front 
and behind wind turbines. The design and 
construction of the device was supported 
by self-developed software for wind tur-

Figure 2: Measurement principle of the 
Leosphere WindCube LIDAR system. Be-
amwise Doppler measurements are taken 
with an infrared laser beam which is tilted 
approximately 30° off the vertical axis. A 
3D wind vector can be derived from four 
succsessive measurements.

Figure 3: Langevin power curves of the 
5 MW turbine, derived from wind mea-
surements of the LIDAR, ultrasonic, and 
cup anemometers. The wind speed was 
normalized according to IEC 61400-12-1 
[3], and electrical power output was nor-
malized by the rated power. Agreement 
between the three wind measurements 
is very good. The region of larger uncer-
tainty between 11 and 13.5 m/s can be 
addressed to different control strategies 
of the wind enery converter.

bine LiDAR simulation. The experiences 
gathered with this system will be used for 
the future measurements at alpha ventus 
and for the pre-evaluation of a robust lidar 
system. (SWE, ForWind, DEWI, DLR)

The work package power curve measure-
ment is dedicated to power curve assess-
ment with ground- and nacelle-based 
LIDAR using standard statistical methods 
[3]. Additionally, it deals with the develop-
ment of new methods for the measurement 
of non-steady short-term Langevin power 
curves [4, 5, 6]. The LIDAR system has 
also been tested at the research platform 
FINO I regarding its suitability for offshore 
deployment. (SWE, ForWind, DEWI). 

One aim in the work package wind field 
measurement and simulation is to develop 
simulation models of wind turbine loading 
in wake. Simulations are to be compared 
with measurements performed in the near 
and far wake of the Multibrid M5000 us-
ing a DLR long-range LiDAR system. Fur-
thermore, inflow measurements are done 
by rotating the system and orientating in 
upstream direction. These are studied for 
application in predictive control for load 
reduction based on knowledge of the in-
coming wind. (SWE, DLR)

Finally, dissemination of results to the wind 
energy industry takes place in work pack-
age Technology transfer. (SWE, FGW)

Summary

Measurement procedures for LIDAR wind 
measurements could be successfully devel-
oped at the onshore test site. ForWind has 
been leading the tasks concerning system 
calibration and measurement of Langevin 
power curves, as well as contributing to 
other tasks. 
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Introduction

The OWEA-consortium – universities, re-
search centres, turbine manufacturers and 
certification institutions – aims to verify 
the essential aspects in the design and op-
eration of offshore wind turbines (WTs). 
The project is expected to last until Decem-
ber 2011 and is now coordinated by the 
University of Oldenburg. 

 In the first work package, the University of 
Oldenburg  aims to mitigate the risk in the 
estimation of power curves and associated 
uncertainties of energy yields offshore. En-
gineering models were developed for an 
evaluation of the vertical structure of the 
marine boundary layer and their results are 
compared with data measured at FINO 1. 
The performance of meso-scale weather 
models for offshore sites is analysed and 
improved. Effects of the specific condi-
tions of the marine atmospheric boundary 
layer (ABL) on power curves of WTs are 
evaluated. WP 2, dealing with flow condi-
tions within offshore wind farms, is headed 
by the University of Oldenburg. A numeri-
cal large-eddy simulation (LES) model, 
resolving the major part of the turbulence 
within a flow, is used in order to simulate 
the highly turbulent flow within the wind 
farm “alpha ventus”. The results of these 
simulations will be compared with results 
from the extensive measurement campaign 
at the offshore test site as soon as opera-
tional data is available. The spatially and 
temporally highly resolved LES data set 
will then be used to further develop less 
resource intensive engineering wake 
models for an application to offshore wind 

Verification of Offshore Wind Turbines (RAVE-OWEA)

farms with multi-Mega-Watt WTs. Moreo-
ver, ForWind develops a model that pro-
vides a stochastic prediction of the wind 
speed with a temporally high resolution of 
1 Hz (1 data value per second). This model 
will be used to study extreme wind situa-
tions including events of extreme changes 
of the wind speed within a very short pe-
riod of time that cause large loads on wind 
turbines.   

      
Project description

Vertical structure of the marine 
atmospheric boundary layer (ABL)
Due to a limited number of experimental 
and numerical studies for offshore sites, 
common knowledge on the marine ABL 
is still limited. The marine ABL  seems to 
be less mixed than the convective daytime 
ABL over land. Since vertical wind shear 
has an  important impact on offshore WTs, 
advanced models are required  to provide 
information on the vertical structure of the 
marine ABL. An analysis of FINO 1 data 
showed that thermal stratification has a 
crucial impact on offshore wind profiles. 
The performance of several wind profile 
models has been evaluated by a compari-
son with corrected observational data from 
the FINO 1 met mast.  Moreover, the Mel-
lor-Yamada-Janjic scheme, parameterizing 
the ABL in the meso-scale model WRF, 
has been substantially modified by add-
ing a heat flux dependent master length. 
In comparisons with FINO 1 data the 
modified WRF model performs well and 
captures even low, stable boundary layer 
heights.  A meso-scale model that can ad-
equately represent the marine ABL will 
be very helpful for future site assessment 
studies, because an extrapolation of bound-
ary layer wind data from sparsely distrib-
uted offshore in-situ measurement sites is 
not representative.    

Large-eddy simulations (LES) of wake 
flows
The LES model PALM, developed at the 
Leibniz University Hannover, is used to 
simulate the wake flow of WTs and wind 
farms that interact with the ABL. The simu-
lations are carried out on the supercomput-
ers of the HLRN (Norddeutscher Verbund 
für Hoch- und Höchstleistungsrechnen). In 
2009 these HLRN machines were listed on 
positions 39 and 40 among the top 500 su-
percomputers worldwide.

Besides allowing a detailed analysis of 
wake deficits and turbulence, validated LES 
runs will be an important supplement of 
the measurements at the offshore test site. 
Their results will be applied for the devel-
opment of less resource-intensive engi-
neering wake models. For the LES wake 
studies, the impact of the rotor blades on 
the atmospheric flow is taken into account 
by additional parameterised forces in the 
momentum equations. Thus, an actua-
tor disc model was added to PALM. The 
results of this method for the wake flow 
behind a single WT were compared with 
published numerical and experimental 
results. A good agreement was found, 
and it turned out that the assumption of 
axis-symmetry in the vertical direction is 
not valid, as the turbulence intensity has 
a pronounced maximum in the upper part 
of the far wake region. Next, the flow in a 
scale model of the wind farm “alpha ven-
tus” (scale 1:3) was simulated. The results 
of this simulation show that the increase 
of turbulent transport in the wake of the 
first WT leads to a faster recovering of the 
wake after the second WT. The turbulence 
intensity in the wake is continuously in-
creasing from the first to the third row of 
WTs.  Finally, also an actuator line model, 
creating a more realistic near-wake flow 
with blade tip and blade root vortices, was 
implemented in PALM. As expected, this 
method leads to an improved agreement 
with experimental data. 
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Stochastic modelling of wind speed time 
series with high temporal resolution
Atmospheric micro-scale turbulence (ca. 
1m – 100m) causes large loads on WTs. 
Numerical models used for wind speed 
forecasts cannot resolve wind speed fluc-
tuations on this atmospheric micro-scale. 
In order to describe at least the probabil-
ity of extreme changes of wind speed on a 
small time scale, a model is developed that  
computes the power output of a WT with 
high temporal resolution.  The new model 

Figure 1:
Caption: Vorticity isosurface illustrating the wake turbu-
lence obtained from an LES simulation with actuator line 
model. 

is based on a stochastic prediction of the 
wind speed with a high temporal resolu-
tion (~1 second) from low resolution (~1 
hour) wind speed forecasts.  The atmos-
pheric wind speed is decomposed into a 
slow trend caused by large and meso-scale 
atmospheric effects and fast fluctuations 
caused by micro-scale turbulence. The 
slow trend is provided by the meteoro-
logical wind speed forecast, while the fast 
fluctuations are modelled using a Langevin 
equation.     

Summary

Within RAVE-OWEA, the University of 
Oldenburg develops methods that miti-
gate the risk in energy yields offshore. 
New models were created for an improved 
evaluation of wind profiles in the marine 
atmospheric boundary layer. Meso-scale 
models were  enhanced for offshore site 
assessment studies. Flow conditions in 
offshore wind farms are analyzed with the 
means of large-eddy simulations. In order 
to forecast wind speed and power output 
of wind turbines with a high temporal 
resolution, a stochastic turbulence model  
is developed.   
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Introduction

The goal of the project RAVE – Grid In-
tegration is to develop strategies and tools 
to integrate offshore wind power into the 
electricity supply system. Integration strat-
egies are necessary for the future expan-
sion of offshore wind energy in Germany 
otherwise very high shares of fluctuating 
wind power can not be integrated without 
compromising the stability of the supply 
system. The project focuses on reducing 
the need for balancing energy and reserve 
power with an advanced wind power fore-
casting system that ensures save grid inte-
gration. The results of the project shall give 
an outlook which challenges have to be 
tackled in an offshore wind power scenario 
that is envisaged by the German Govern-
ment (25GW in 2030).
 
Precise wind power forecasts are needed 
to minimize the need of balancing and re-
serve power for the integration of offshore 
wind power in the German power system. 
ForWind will develop a new wind power 
forecasting model that uses Poor Man’s 
Ensemble Data provided by several Euro-
pean Weather Services. This forecast will 
include information on the risk of errors 
(uncertainty) in the wind power prediction. 
Furthermore an index for strong wind pow-
er fluctuations will be developed depend-
ing on the atmospheric condition. This in-
dex will be used to alert the transmission 
system operator in case strong wind power 
fluctuations are anticipated. 

RAVE – Grid Integration of Offshore Wind Farms

Project Description

The project RAVE – Grid Integration is 
funded by the German Federal Ministry for 
the Environment, Nature Conservation and 
Nuclear Savety with about 1.45 Mill. €. The 
project is coordinated by Fraunhofer IWES 
in Kassel and has started in July 2008. The 
project time is three years. The project 
partners are: University Kassel, WEPROG 
GmbH, Areva Multibrid, REpower Sys-
tems AG, Hochschule Magdeburg-Stendal, 
German Weather Service (DWD), Univer-
sity Magdeburg. ForWind started its work 
in January 2009 and will receive funds of 
90.000 €. 

Summary

Experience at Horns Rev showed that the 
spatial smoothing of power fluctuations 
within a wind farm can not be compared to 
onshore results when distributed wind farms 
of 160 MW altogether are connected to a 
single point of common-coupling [1]. High 
offshore installation densities and little spa-
tial distribution will urge the transmission 
operator to keep high shares of balancing 
power in case a large-scale offshore wind 
park enters a period of high power fluctua-
tions. In the past not much attention was 
paid to short-term fluctuations of wind (and 
wind power) in the range of 5 to 60 min-
utes wind power and steep ramps in wind 
power due to synoptic systems while a lot 
of work focused on turbulent fluctuations of 
the mean flow and the characteristic of the 
vertical wind shear profile.

Atmospheric models have problems to pre-
dict the variability of wind with periods 
up to 120-180 minutes correctly. To a cer-
tain extent wind fluctuations with a period 
smaller than 10 minutes are smoothed out 
by the ensemble of wind turbines within a 
wind farm of 3x3km size assuming a mean 
wind speed of 10m/s. Conclusively, wind 

fluctuations with a time period >5min can 
induce power fluctuations but can not be 
resolved properly by atmospheric models. 
ForWind characterized wind fluctuations 
using the novel Hilbert-Huang Transforma-
tion [2] that reveals that wind fluctuations 
with changing frequencies and amplitudes 
occur throughout the year [3]. In Figure 1 
(left) 100m wind speed measurements from 
FINO1 are used as 5min average values to 
compute the Hilbert-Huang Spectrum. It 
can be seen that beginning of March excep-
tionally high activity in frequencies higher 
than 0.2 cycles per hour occur for about one 
week. 

The project partner WEPROG supplied 12 
members of their multi-scheme ensemble 
system that downscales NCEP analyses in 
March 2006. The time resolution is about 5 
minutes and the spatial resolution is 5km. 
It can be seen in Figure 1 (right) that the 
mesoscale model also shows increased 
variability at the beginning of March 2006. 
However, the frequencies and amplitudes 
are considerably lower than observed. Fur-
thermore the model has wind variability in 
periods where (almost) no wind fluctuations 
have been recorded. At March 17 the very 
high fluctuations at 1.2 cycles per hour tend 
to be misplaced.

The problem to simulate wind fluctuations 
correctly in frequency and amplitude is 
shown in time space in Figure 2. The vari-
ability at FINO1 is much higher than mod-
elled. On the other hand, the general trend in 
the modelled wind speeds is very good. The 
dip in wind speed at late evening of March 
5 is very well simulated. Note, that during 
this period the observed and simulated wind 
fluctuations ceased. The difficulties to mod-
el wind fluctuations with mesoscale models 
motivated to characterize wind fluctuations 
by the large-scale weather situation. Several 
meteorological parameters will be utilized 
to estimate observed wind and wind power 
fluctuations.
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Figure 1: Hilbert-Huang Spectrum of wind speed in 100m at FINO1 in March 2006. Observed left and simulated by a mesoscale model 
with an Eulerian advection scheme (right).

Figure 2: Wind speed fluctuation averaged over 5 min at FINO1 for three days in March 2006. 
Observed (black) and two mesoscale simulations (with an Eulerian advection scheme).
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Atmospheric Boundary Layer Modelling for Climate, 
Meteorology, Energy and Environment Applications: 

Exploring Added Value from New Observation Techniques 
(MOD&OBS)

Introduction

MOD&OBS is a European training-
through-research network addressing the 
improvement of atmospheric boundary 
layer models and measurement techniques 
to investigate, model and observe the in-
terplay of atmospheric processes with the 
Earth’ surface at different temporal and 
spatial scales. The exploration of the added 
value from new observation techniques 
was a major aim. MOD&OBS is a Re-
search Training Network (RTN) within the 
Marie Curie Program of the EU.

The focus of the work at ForWind/Olden-
burg University was on the downscaling of 
reanalysis and climate model runs with the 
Weather Research and Forecasting Model 
(WRF). This provided information on risks 
from the natural variability of wind fields 
to be used, e.g., in the planning phase of 
current offshore projects. As a long-term 
perspective, analyses of the situation of 
offshore wind energy in a changed climate 
have been presented. The work within 
MOD&OBS performed at ForWind con-
centrated on three topics:

Project Description

1. North Sea Near Surface Wind Climate 
and its Relation to the Large Scale 
Circulation Patterns
The North Sea 10 m wind speed (WS10) 
climate was compared and related to cir-
culation patterns based on the Sea Level 
Pressure (SLP) extracted from three rean-
alysis and one high resolution model data 
sets. The mean magnitude and the trends of 
WS10 depend considerably on the selected 
reanalysis. The variability of WS10 among 
the three reanalysis data sets is highly cor-
related in the recent period (1980-2000), 
but less so in the past period (1960-1980). 
The WS10 over the North Sea is well rep-
resented by the relatively low reanalysis 
resolution when compared to the high 
resolution WS10 model data partially ow-
ing to the high spatial correlation of WS10. 
Exceptions are observed only at the coastal 
areas. The dominant mode of WS10 ex-
plains coherent variability of WS10 over 
the North Sea and is related to a SLP pat-
tern similar to the North Atlantic Oscilla-
tion (NAO). The increase of the magnitude 
of the dominant WS10 pattern is related to 
the increase of the magnitude of the NAO 
like SLP pattern from 1960s to mid 1990s. 
The second dominant WS10 pattern – a 
dipole in WS10 to the north and south of 
Great Britain – is related to the differences 
in SLP between Scandinavia and Iceland. 
The relation between the second WS10 and 
SLP patterns is more prominent in the re-
cent period. The extreme WS10 in the Ger-
man Bight is related to the low SLP over 
Scandinavia. The extreme WS10 is strong-
ly increasing from the early 1980s to the 
beginning of 1990s, which is not observed 
in the corresponding SLP time series over 
Scandinavia.

Figure 1: Spatial domains of the down-
scaling from NCEP final analysis to  the 
Weather Research and Forecasting (WRF) 
model.
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2. The near surface wind speed over 
Europe and the North Atlantic in future 
climate
Here the climate change of the 10m wind 
speed over the North Atlantic and Europe 
is investigated based on simulations from 
16 global circulation models (GCMs) pre-
sented in the 4th IPCC report. The future 
climate is from simulations forced by the 
IPCC SRES A2 greenhouse gas scenario 
(covering the period 2061-2100) and the 
past climate is forced by the observed 
greenhouse gas concentrations (period 
1961-2000). First from the reanalysis data, 
the wind speed patterns explaining the 
dominant part of the wind speed trend were 
found and related to the sea level pressure 
(SLP) patterns. The climate change of the 
wind speed was calculated based on the 
change of the strength of the SLP patterns 
from the past to the future climate. There is 
a clear signal of the increase of the future 
wind speed in winter (December–Febru-
ary), over most of the North Atlantic with 
the largest increase over the central North 
Atlantic reaching the magnitude between 
0.5 m/s and 2.5 m/s. In other seasons, the 
climate change signal of the wind speed 
is weak. The wind speed is expected to 
increase over the north-western part of 
the North Atlantic and decrease over the 
south-eastern part of the North Atlantic 
whereas the expected magnitude of the cli-
mate change is smaller than 1 m/s. Some 
uncertainty of the above results remains 
since the GCMs are unable to properly re-
produce the variability of the relevant SLP 
pattern in the 20th century climate. Al-
though the results of this study are a quan-
titative change of the wind speed with the 
uncertainty intervals, it can also be used as 
a study to help selecting the most appropri-
ate GCM results to downscale them further 
in order to compute the best estimates of 
local high resolution wind conditions. 

3. Improving Mellor-Yamada-Janjíc 
parameterization for the wind conditions 
in the Marine Planetary Boundary Layer 
The structure of the lower part of the ma-
rine boundary layer is highly relevant for 
offshore wind energy harvesting. A proper 
description of the turbulence is crucial 
for accurate simulations of the wind field 

properties such as the mean wind speed, 
turbulent fluxes and especially the vertical 
wind profile. Here, the Mellor-Yamada-
Janjíc (MYJ) boundary and surface layer 
parameterization within WRF was im-
proved by redefining the Master Length 
Scale (MLS), which controls the diffu-
sion and dissipation of the turbulent fluxes 
as well as the pressure-temperature and 
pressure-strain covariances. In the surface 
layer, the modified MLS is dependent on 
the surface stability. In the boundary layer, 
the surface stability correction of the MLS 
is included which has the strongest influ-
ence close to the surface. The non-local ef-
fects in the stable boundary layer based on 
surface heat forcing are also included. The 
Single Column Model studies were per-
formed to compute the changes of the wind 
field properties due to the change in the 
formulation of the MLS. The three dimen-
sional version of the model was then used 
to downscale some real cases and compare 
them with the measurements. Improve-
ments in the simulations of the wind shear 
in the lower part of the boundary layer (up 
to around 30 m) with the new parameteri-
zation have been shown, while its impact 
higher in the marine boundary layer is less 
pronounced. On the other hand, the simu-
lated wind speed is only slightly modified 
by the new approach. 

Summary

The knowledge of the near-surface wind 
conditions is crucial for planning and op-
erating wind farms. In addition, extreme 
wind conditions are important for risk as-
sessment. within the MOD&OBS project, 
questions related to i) estimation of wind 
resources mainly over North Sea on dif-
ferent time scales, ii) possible change of 
wind resources over the Northern Atlantic 
and Europe in the future climate and, iii) 
numerically modelling of the near surface 
wind speeds, have been tackled.

.

Figure 2: Change of the mean wind speed in future climate (2061-2100) from past
climate (1961-2000).
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Introduction

The integration of wind generation into 
power systems is affected by uncertainties 
in forecasting the expected power output 
of wind farms. False estimating of mete-
orological conditions or large forecasting 
errors (phase errors, near cut-off speeds 
etc), are very costly for infrastructures (i.e. 
unexpected loads on turbines) and reduce 
the value of wind energy for end-users. 
 
The state of the art in wind power fore-
casting focused so far on the “usual” op-
erating conditions rather than on extreme 
events. Thus, the current wind forecasting 
technology presents several bottlenecks. 
End-users urge for dedicated approaches 
to reduce large prediction errors or pre-
dict extremes at local scale (gusts, shears) 
up to a European scale as extremes and 
forecast errors may propagate. Similar 
concerns arise from the fields of external 
conditions and resource assessment, where 
the aim is to minimize project failure.  
 
The aim of Safewind is to substantially 
improve wind power predictability in chal-
lenging or extreme situations and at differ-
ent temporal and spatial scales. Going be-
yond this, wind predictability is considered 
as a system design parameter linked to the 
resource assessment phase, where the aim 
is to take optimal decisions for the installa-
tion of a new wind farm.

Safewind – Multi-Scale Data Assimilation, 
Advanced Wind Modelling and Forecasting 

with Emphasis to Extreme Weather Situations 
for a Safe Large-Scale Wind Power Integration

Project Description

Safewind is a Small of Medium-scale fo-
cused research project funded by European 
Commission under the 7th Framework Pro-
gram. The project has started 1.9.2008 and 
will finish at 31.8.2012. ForWind partici-
pates within the first three years. The project 
is coordinated by ARMINES (Association 
pour la Recherche et le Développement des 
Méthodes et Processus Industriels, France). 
Among the partners are end-users, weather 
services, companies and several research 
institutes and universities. The partners are: 
CENER (Centro Nacional de Energías Ren-
ovables, Spain), IMM (Institute of Math-
ematical Modelling) and RISOE National 
Laboratory at the Technical University of 
Denmark), energy & meteo systems GmbH 
(Germany), Overspeed GmbH & Co. KG 
(Germany), Energinet.dk (Denmark), EC-
MWF (European Centre for Medium-Range 
Weather Forecasts), EDF (Electricity de 
France), EirGrid (Ireland), CSIRO (Austral-
ia), University of Oxford (U.K.), University 
Compultense of Madrid, Universidad Car-
los III de Madrid, Public Power Corporation 
(Greece), Meteo France, TERI (India), Ac-
ciona Eolica CESA (Spain), SONI (System 
Operator for Northern Ireland, U.K.), RTE 
(France), Institute of Communication & 
Computer Systems – National Technical 
University of Athens.

Summary

ForWind is involved in all three core work-
packages of the project. In workpackage 4 
(Alerting&Data Assimilation Techniques 
for Improved Short-term Wind Power Pre-
dictability) ForWind elaborates methods to 
adequately monitor and assess the weather 
situation over Europe in order to detect se-

vere deviations in the wind power forecast 
due to extreme events. ForWind cooperates 
with other partner that develop the alerting 
framework to issue warnings in case of 
severe deviation between forecast and de-
tected truth. 

A key element is to explore the use of data 
assimilation, i.e. the mesoscale model 
WRF is used to integrate in-situ weather 
observations into short-term forecast fields 
in order to update the forecasts. Weather 
observations like surface wind, pressure 
and temperature at around 350 sites over 
Europe have been assimilated every hour 
in the study period (April 2008). The 
short-term forecast fields are provided 
from ECMWF. Figure 1 shows the im-
provement in RMS difference of 10m wind 
speed between the WRF result and the ver-
ifying ECMWF analysis. At the east coast 
of the U.K. the WRF simulation tends to be 
closer to the ECMWF analysis. However, 
other parts in the Central North Sea show 
after the data assimilation larger deviations 
from ECMWF analysis. It became clear, 
that there exist a vast difference between 
the information that is represented by 350 
sites and the information that is contained 
in the atmospheric model fields. Note, that 
the mesoscale model has about 800000 
grid boxes with the performed resolution 
of 9km. Not to much weight can be given 
to the observations otherwise poor quality 
can degrade the analyses. Conclusively, it 
can be said that it is very complicated to 
alter an atmospheric field by adding a few 
observations as shown by extensive forecast 
sensitivity experiments at ECMWF [1]. 

The goal of Workpackage 5 (Optimized 
Ensemble Forecast Systems applied to 
Wind Power Prediction) is to deliver the 
meteorological component of skilful proba-
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bilistic wind power predictions based on 
ECMWF’s Ensemble Prediction System 
(EPS). Emphasis will be given to the combi-
nation of high resolution deterministic fore-
cast products with ensemble predictions by 
minimizing probabilistic skill scores. The 
optimally combined meteorological fore-
cast system will be linked to wind power 
forecasting tools and improvements in wind 
power forecasts will be evaluated on all rel-
evant time scales that are interesting to end-
users (wind park operators, TSOs, energy 
trader, etc.).

The ensemble forecasts from ECMWF 
have been evaluated with FINO1 wind 
speeds at 103m. Figure 2 shows the per-
formance of EPS members expressed in 
percentiles (i.e. 5%, 25%, 75% & 95%) 
in forecasting wind speeds at FINO1 valid 
for 12 UTC. The forecast horizon is T+60 
(2.5 days). FINO1 10-minute values are 
marked with red dots. Almost all FINO1 
observations are inside the 95 percentile 
which demonstrates the ability of EPS to 
deliver skilful forecasts for FINO1 [2].

ForWind started to utilize the Lagged 
Average Forecasting (LAF) technique of 
adding previous forecasts to an ensemble 
system. The LAF methodology uses IFS & 
EPS forecasts with different initialisation 
times, i.e. forecasts started earlier than the 
most recent integration. A slight improve-
ment of the forecast guidance was detected 
for the ensemble mean of the “grand” LAF 
formulation for the short & early medium 
range over its EPS benchmark. The combi-

Figure 2: FINO1 wind speed observation in 103m and T+60 ECMWF EPS percentiles of 
wind speed in February 2008.

nation of the ECMWF high-resolution de-
terministic forecast with the EPS has been 
analysed. It was found that a weighting of 
these components can be established by 
making use of the spread/skill relationship 
of the EPS. The new weighting scheme is 
called COBOS, where COBOS stands for 
Coefficients Based On Spread. It can be 
shown that including the high-resolution 
forecast into the deterministic COBOS 
forecast lead to improved predictions com-
pared to the EPS only ensemble mean.

In Workpackage 6 (Novel Methods for Wind 
Power Forecasting and Extremes) ForWind 
will develop a risk index for severely vari-
able wind energy production. The focus will 
be on offshore wind farms. The experience 
at Horns Rev wind farm shows that very 
high up and down gradients of wind power 
occur in the time scale of 10 minutes. The 

Figure 1: RMS difference in 10m wind speed between downscaling with WRF and ECMWF verifying analysis (left) and between WRF 
data assimilation (FDDA) experiment and ECMWF analysis (right) for April 2008. A reduction of RMS values indicate improvements 
through the assimilation of extra weather observations.

meteorological conditions will be analyzed 
in detail to find predictors that can be used 
to develop a risk index.
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Introduction

An offshore power transmission grid in 
Northern Europe has become a serious and 
important topic among the power industry, 
the power transmission sector, national 
governments and the European Commis-
sion. 

The ambitious targets and plans for off-
shore wind power development in  Euro-
pean seas, in particular the North Sea, have  
created  several questions on how to con-
nect the future wind power capacity  and 
how to integrate it into the national power 
systems in an efficient and secure way. Re-
ferring to this issue of an offshore power 
transmission grid in Northern Europe 
(inter)connecting power systems and the 
offshore wind farms has repeatedly been 
brought up.

However, several barriers – technical, mar-
ket, legal, regulatory – inhibit its develop-
ment. Moreover, an objective view on the 
optimal layout, the associated costs and the 
necessary requirements to proceed is cur-
rently nonexisting.

The OffshoreGrid project will provide 
policy recommendations for the political 
process towards such a grid in pursuing 
the efficient integration of renewables, the 
integration of market regions, security of 
supply and the competitiveness of the Eu-
ropean economy.

The OffshoreGrid-Project: 
An Offshore Transmission Grid for 

Wind Power Integration 

Project Description

The EU-project OffshoreGrid
OffshoreGrid is a policy consulting project 
for the European Commission within the 
Intelligent Energy Europe Programme 
(IEE). The project will develop a scien-
tific view on an offshore grid along with 
a suited regulatory framework regarding 
technical, economic and policy aspects. 
The project is targeted towards European 
policy makers, industry, transmission sys-
tem operators and regulators. In first in-
stance the geographical scope is Northern 
Europe (the regions around the Baltic Sea 
and the North Sea, the English Channel 
and the Irish Sea). In the second phase the 
results will be applied to the Mediterranean 
region in qualitative terms.

The study will be a supporting document 
for the preparation of further legislative 
measures. In particular, the outcomes will 
serve as input for the current work on in-
frastructure by the European Commission. 

This is outlined in the Second Strategic 
Energy Review, namely the Blueprint for 
a North Sea Off-shore Grid, Baltic Inter-
connector Plan, the Blueprint for a North 
Sea Offshore Grid and the completion of 
the Mediterranean ring. 
Strategic objectives of the project:
• Recommendations on electricity grid 

topology and capacity choices
• Guidelines for investment decisions & 

project execution
• Starting point of an coordinated ap-

proach for a Mediterranean ring

As specific objectives, the project provides: 
• A selection of blueprints for an off-

shore grid
• Business figures for investments and 

return
• Insight in interaction of design drivers 

and technoeconomic parameters
• Representative wind power time series
• Feedback from & acceptance by stake-

holders

Potential wind power production in each grid box over Europe when the storm system 
"Kyrill" arrived in the North Sea during January 2007. A value of 1 corresponds to 100% 
of the rated power capacity
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Offshore wind power scenarios
Initially a realistic scenario of installed 
offshore wind power capacity in Northern 
Europe was developed for 2020 and 2030. 
The scenario is adjusted towards the Eu-
ropean Wind Energy Association (EWEA) 
targets, which foresee an installed offshore 
wind capacity of 40 GW by 2020 and 150 
GW by 2030 in the EU-27.

The final scenario consists of 326 locations 
with an expected total capacity of 43 GW 
in 2020 and 127 GW in 2030.

Onshore wind power scenarios
The scenario for the installed onshore wind 
power capacity in 2020 and 2030 were de-
veloped per region. For this purpose, Eu-
rope was divided into 46 regions. EWEA’s 
new targets for onshore wind energy used 
in this study are 190 GW in 2020 and 270 
GW in 2030 for EU-27. 

Wind power generation time series
ForWind calculated synchronous hourly 
time series of historical wind speed and 
power with a high-resolution weather 
model for all offshore wind farm loca-
tions and for the onshore wind capacity in 
the defined regions. The simulated period 
comprises three years (2006-2008), with 
the focus on the year 2007.

The calculations are performed with the 
Weather Research and Forecasting Model 
called WRF [3], which is a meso-scale nu-
merical weather prediction model with the 
ability to simulate the atmospheric condi-
tions over a wide range of horizontal reso-
lutions from 100 km to 1 km. The input for 
WRF is provided by the 6-hourly global 
analysis data (Final Analysis, FNL) from 
the United States’ National Centers for En-
vironmental Prediction (NCEP). 

The WRF-simulations dynamically down-
scale the FNL data from six-hourly reso-
lution on a horizontal grid of 1° by 1° to 
one-hourly data on a 9x9 km² grid (In geo-
graphical coordinates, 1° corresponds ap-
proximately to 50-111 km.). 

The conversion of wind speed to wind 
power depends on the wind turbine 
characteristics represented by the power 
curve. Standard power curves are given 
for a single wind turbine. In order to mod-
el the output of large wind farms distribut-
ed over a region, newest available results 
in the wind energy community on real-life 
offshore power curves, array losses due 
to wake effects, electrical losses and tur-
bine availabilities are used in this project. 
Moreover, the applied ‘effective’ power 
curves have to anticipate possible future 

improvements in wind turbine efficiency 
and increased hub heights.
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Summary

The OffshoreGrid project delivers a scien-
tific, technic and economic assessment of 
different design options for the future of 
Europe’s electricity grid. This study serves as 
a basis for the “Blueprint for a North Sea Off-
shore Grid” by the European Commission.

ForWind in Oldenburg has computed real-
istic, synchronous wind power time series 
for 400 future offshore wind farms and 
16000 onshore wind power locations. 

The analysis of this data has shown that 
large fluctuations in national grids can be 
strongly reduced by a trans-European elec-
tricity grid. Future studies have to analyze 
how solar energy can further optimize a re-
newable energy mix in Europe.
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Prediction of Waves, Wakes and Offshore Wind (POW‘WOW)

Introduction

The POW’WOW project, a EU Coordina-
tion Action, aimed to develop synergies 
in the fields of wind and wave predictions 
from short to resource timescales by inte-
grating modelling approaches currently 
used by the communities separately. The 
project aimed to help these research com-
munities by establishing virtual laborato-
ries, offering specialised workshops, and 
setting up expert groups with large out-
reach in the mentioned fields.

Project Description

The POW’WOW project had three major 
tasks: To connect the mindset of research-
ers in the offshore energy meteorology 
field, working on wave and wind model-
ling, to help with data for the development 
of models for wakes and short-term predic-
tion, and to have a series of workshops for 
researchers and end users. 

Two “Virtual Laboratories“ (ViLabs) have 
been set up: The ViLab for wakes which 
had many users downloading short time 
series of large-scale wind farms, and the 
ViLab for short-term prediction of wind 
power which received less attention by 
users. 

Several workshops were held by the 
project and attracted many users. There 
were two workshops on the integration of 
wind and wave resource calculations, two 
workshops on best practices in the use of 
short-term forecasting, one workshop on 
optimal use of information for wind power 
forecasting, one workshop on the special 
situation in short-term forecasting in Bra-
zil, and one workshop on wake modelling. 
In addition, a number of special sessions at 
conferences was held.

As a third major activity a position paper 
on wind and wave resource integration was 
compiled, partly an outflux of the work-
shops on the same topic.

The Wakes ViLab  aims at evaluating the 
state-of-the-art on wake modelling. The 
task emphasises models and evaluation re-
sults reported in the bibliography and from 
ongoing national or EU research projects. 
As a major issue it was outlined that off-
shore resource and wake data (SCADA) 
are mainly commercial which makes fur-
ther model development and evaluation 
difficult. Data from smaller wind farms 
such as Vindeby and Middelgrunden are 

available and have been provided. In or-
der to address the problem of wake studies 
in large offshore wind farms the partners 
from the UpWind project have identified 
test cases and time series and data for 
Horns Rev have been made available. Case 
studies from the Nysted wind farm were 
processed. A documentation that is acces-
sible through the Wake ViLab was also 
provided. The availability of these data has 
been advertised at a number of internation-
al conferences and workshops.

The Short-term Prediction ViLab has as 
its main idea in part to take some of the 
cumbersome work of data acquisition out 
of the research projects themselves and put 
it here, and in part to have common evalu-
ation criteria and common evaluations 
of the work, being able to compare one’s 
own research with a number of leading 
models in the field. This idea is somewhat 
modelled after two very successful efforts, 
one being winddata.com and the other one 
the Anemos case studies and benchmark-
ing process. The ViLabis operational since 
October 2007. Two test cases are available: 
the wind farm at Klim in Denmark, and the 
offshore wind farm at Middelgrunden.

The idea behind the workshops was to or-
ganize dedicated platforms for exchange 
in very specific fields of science. Most 
workshops were appreciated by typically 
some 30 participants, mostly experts in 
their respective fields. During the reporting 
period two workshops have been orgnized: 
„Meteorological Aspects of Short-term 
Prediction“ and „Short-term Prediction in 
Brazil“.

The workshop „Meteorological Aspects of 
Short-term Prediction“ was held in Febru-
ary 2009 in Athens and was organized by 
the Institute of Accelerating Systems and 
Applications of the University of Athens. 
The main objective was to review and dis-
cuss the best methodologies for utilizing 
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Numerical Weather and Wave Prediction on 
Energy Prediction – Short and Long Range 
– as well as to bring together researchers 
from Universities and Institutes with people 
from the Industry. A number of participants 
from different countries and institutes (CEZ 
Obnovitelné, Czech Republic; Risø-DTU, 
Denmark; IASA-University of Athens, 
Greece; CENER, Spain; Met Office,  U.K.; 
Atmospheric, Meteorological, and Envi-
ronmental Technologies, Boulder, Colora-
do,  U.S.A.) contributed with new ideas as 
well as operational experience that cover 
the subject in study by different points of 
view. 

The workshop "Short-term Prediction in 
Brazil„ was held after the integration of 
the Universidade Federal de Pernambuco 
as Brazilian partner on 12–13 June 2009 in 
Natal. The European experience on shert-
term prediction has been reported and 
about 30 participants from various sectors 
of the Brazilian academia and electrical 
utilities attended. As a main result, a let-
ter was drafted to the ministry, stating that 
the current situation was untenable in the 
longer run and that forecasting would need 
to be handled at a different level.

Finally, three position papers have been is-
sued on central topics of the POW’POW 
project: “Integration of Offshore Wind 
and Wake Resource Calculation“, “Wake 
estimation in Short-Term Prediction“, and 
“Methodologies for Offshore Wind Energy 
Assessment in European Seas“.

Summary

The POW’WOW project improved or 
tried to improve the life of researchers in 
offshore energy, wakes, and short-term 
prediction of wind power. Most of the ac-
tivities were received well, some were not 
as much sought after as initially envisaged 
(the short-term prediction ViLab comes 
to mind here). Some reviews have been 
produced, and some workshops held. The 
results of the workshops are usually ref-
erenced on the project website, powwow.
risoe.dk. In addition, two expert groups for 
waves and for short-term prediction were 
formed, mainly from within the consor-
tium, and an effort for the extension of the 
IEC standard for wind turbine communi-
cation (IEC 61400-25 and the similar IEC 
61850 for distributed energy resources) 
with forecast data is underway. 



32

Universität Bremen, 
Bremen Institute for Metrology, 
Automation and Quality Science,
Axel von Freyberg, Karsten Lübke,
Martina Fuhrmann, Gordon Henske, 
Gert Goch

Duration 2009 – 2011

Introduction

Wind energy converters (WEC) have been 
built for a few decades now. They were 

Laboratory for Large-Scale Gear-Measurements

supposed to operate for a period of 20 
years. But, especially for the large-scale 
converters, this goal is often not achieved. 
Damaged gears cause a percentage of 20 – 
25 % of the overall failure rate of wind 
energy converters [1]. Other sources relate 
the “lion’s share … of the annual liability 
cases” to the failure of the gear unit [2].

The comprehensive experience gained 
with small automobile and industrial gears 
and also with larger gears of ships, milling 
plants and lifting stations proved to be not 
directly transferable to large-scale gears of 

wind energy converters. At considerably 
less weight relating to power they have to 
meet significantly different load- and am-
bient conditions. The research activities at 
the Bremen Institute for Metrology, Auto-
mation and Quality Science (BIMAQ) are 
aimed at enhancing the understanding of 
the interrelations between the design, the 
manufacturing, the geometrical quality in-
spection and the future functional charac-
teristics of WEC-gears concerning contact 
pattern, wear, life cycle, type of damages 
occurring and noise emission.

Coordinate-measuring machine: Hexagon Leitz PMM-F 25.20.7
Source: Hexagon Metrology GmbH

WIND POWER SYSTEMS, Bremen



33Annual Report 2009

Project Description

A coordinate-measuring machine (CMM), 
a Hexagon Leitz PMM-F 25.20.7 (Figure 
1), is used in order to achieve the objec-
tives of the project. 

The CMM features a measuring vol-
ume of 2500 mm × 2000 mm × 700 mm 
and a volumetric measuring error of 
E ≤ 1,3 µm + L/400 µm/mm. It is installed 
within an air-conditioned lab, which is 
planned to be certified by the German Insti-
tute of Accreditation (DAKKS).

The BIMAQ primarily develops enhanced 
methods and algorithms for geometrical 
quality inspection of large-scale gears with 
this measuring device. Building on that, 
cause-effect relations between damages 
observed and the gear-manufacturing can 
be identified and analyzed. 

Damages caused by problems with materi-
al characteristics such as elasticity, tensile- 
and compression strength, voids and so on 
are steadily decreasing, whereas the dam-
ages caused by geometrical deviations are 
still an important issue. These deviations 
from the desired condition (form errors, 
distortion) cannot be avoided in the differ-
ent stages of gear manufacturing and rep-
resent causes for damages. The influences 
of the manufacturing processes, the type of 
process chain and the separate manufactur-
ing parameters on the emergence of dam-
ages and life cycle of gears are subject of 
the current research.

New measuring strategies, particularly de-
signed for large-scale gear-measurements, 
have to be developed in order to analyze 
cause-and-effect of geometrical deviations. 
While reasonably reducing the measuring 
time, the information content has to be 
increased. Adapted evaluation algorithms 
allow for an improved judgment of large-
scale gears in order to provide correlations 
with the observed damages. Nowadays, 
measuring data is still recorded almost ex-
clusively by tactile CMM. The application 
of optical measuring methods is scheduled 
for the future progress of the project since 
optical sensors may be easier to implement 

in the manufacturing process due to a rela-
tively short measuring time. The previously 
examined optical measuring principles, 
for example light-section method or fringe 
projection technology, show larger meas-
urement uncertainty than tactile CMM-
measurements. Besides, they rely on opti-
cally cooperative and accessible surfaces. 
However, these constraints are less serious 
due to the scale and the manufacturing 
tolerance of large-scale gears. Therefore, 
optical measuring can be a cost-saving 
and effective alternative solution to tactile 
CMM.

New measuring strategies and evaluation 
algorithms will deliver information that 
allows for a better analysis, control and 
optimization of gear manufacturing proc-
esses. With the help of separation algo-
rithms, individual geometrical deviations 
on the final large-scale gear can be attrib-
uted to certain effects in the manufactur-
ing. Measurements in various stages result 
in a comprehensive understanding of the 
separate manufacturing steps. Profile side 
milling, for example, which is used in the 
manufacturing of large-scale internal tooth-
ings, facilitates an increased probability 
for pitch errors and distortion as a result of 
thermal stress.

The models, which will be developed in the 
context of this project, are used to forecast 
integral operational characteristics such as 
the contact pattern and, as a long-term ob-
jective, the noise emission from the actual 
gear geometry. Knowledge about the cor-
relation between these characteristics and 
the gear geometry allows for adjustments 
that lead to optimized operational charac-
teristics (contact pattern, noise, energy ef-
ficiency) without premature failure.

Measuring large-scale gears requires a suit-
able calibration and a periodical uncertainty 
determination of the CMM. Step gauges 
and sphere standards available for meas-
uring volumes of up to 1 m³ are not well-
suited to determine the uncertainty for this 
measuring task since they do not satisfy 
the functional or manufacturing principles 
of gears. This projects aims at develop-
ing standards to meet the requirements of 

uncertainty determination for large-scale 
gears. The standards should be similar to 
the device under test with respect to shape 
and size.

Summary

The research in the project “Laboratory 
for large-scale gear-measurements” will 
help to enhance the extent and precision of 
the measurement of large-scale gears and 
thus improves the reliability of the trans-
mission. The comprehensive approach of 
this research comprises an analysis of the 
manufacturing effects on the gear geom-
etry as well as an analysis of the correla-
tion between geometry deviation and op-
erational characteristics or damages. The 
development of efficient measuring strat-
egies for coordinate-measuring machines 
and the use of laminar optical sensors are 
necessary means in order to improve the 
measuring process.
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Introduction

A disproportionately high gear failure rate 
of approximately 26 % leads to unaccept-
able long downtimes of wind turbines. 
The actual loads at the turbine shafts, the 
machine bed and inside the gear box have 
been underestimated in the past.

Only few states can be observed and meas-
ured from the outside, i.e. deformations 
and changes in temperature of frames or 
acoustic noise and oscillations. However, 
most of the problems (e.g. gear deforma-
tion, corrosion on tooth flanks) occur in-
side the gearbox where they currently defy 
the direct observation by sensors.

The aim of the project is to develop a re-
search laboratory for new sensor technolo-
gies and sensor applications for wind tur-
bines.

Laboratory for Inside-Sensoring

Project Description

Gear boxes of wind turbines have to be 
designed for substantial dynamic loads. 
At the same time the demand for lighter 
as well as cost-effective drive trains in-
creases. In order to design gear boxes to 
meet these requirements the manufactur-
ers require more and more realistic data of 
the actual performance of the drive train. 
Every gear box for example has its own 
vibration characteristics which varies dur-
ing operation depending on ambient condi-
tions such as temperature, wind speed and 
direction as well as internal conditions, for 
example temperature distribution, wear 
and oil level.

To detect early initial damages, before any 
major damages with subsequent total fail-
ure, service providers observe the vibra-
tion characteristics of the drive train with 
condition monitoring (CM) systems. They 
primarily measure and record the structure-
borne noise of the drive train components 
main bearing, gear box and generator. To-
day, the usual sensor of choice is an ac-
celerometer attached to the outside of the 
monitored component. 

The predominantly applied preventive 
maintenance strategy with fixed periods 
between inspections generally leads to 
a replacement of components that is too 
early or too late, after the initial damage 
has significantly progressed. This mainte-
nance strategy results in more and longer 
machine downtimes and additional main-
tenance and replacement part costs. There-
fore, the continuous acquisition and analy-
sis of the states and condition of a wind 
turbine is of increasing importance and an 
important step towards a condition-based 
maintenance. This in turn will enable the 
service providers to reduce the number of 
maintenance trips while still achieving a 
high level of operational availability espe-
cially for offshore wind turbines. However, 

the condition-based maintenance requires 
measurements with sensors inside the proc-
ess, i.e. the gear box, because many changes 
or initial damages cannot be reliably detect-
ed by vibration analysis or other common 
sensors. 

Integrating sensors inside a gear box is a 
very demanding task. As an intermediate 
step towards this goal, the Inside Sensor-
ing Laboratory will evaluate new sensors 
that can support the construction and main-
tenance crews by automating certain tasks, 
improving measurements and thus objec-
tifying the results, and introducing  new 
inspection tasks. Most of these sensors are 
currently not commercially available. How-
ever, there are functional models for some of 
the essential material properties (mechani-
cal stress, force, torque, distortion, surface 
roughness, wear, fatigue). These have to be 
optimized for the long term application in-
side of wind turbines and their components.

An example for one of the new sensors is the 
scatter light based analysis of the tooth flank 
surface. During inspection of a wind turbine 
gear box the service provider pays special 
attention to grey marks on the tooth flanks. 
They fear the micropitting (“grey staining”) 
as a precursor for an imminent wear of the 
tooth flank with subsequent failure of the 
gear. Tactile scanning of the surface is the 
most commonly used method for measuring 
the surface roughness. Because it is a tactile 
and a scanning method it is comparatively 
slow and can only be used on a stationary 
tooth flank. Speckle patterns on the other 
hand can always be observed when a rough 
surface is illuminated by a coherent light, 
e.g. a laser beam. There are only minimal 
preconditions for scattering surfaces be-
cause practically all technical surfaces form 
speckle patterns [1, 2, 3]. The development 
of speckle pattern based sensors has reached 
a point, where prototypes with the size of a 
pack of cigarettes and smaller can be real-
ized (Figure 1).
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Figure 1: Detector head of a scatter light sensor (BIMAQ)

Further promising solutions are sensors 
for contactless measurement like optical, 
capacitive, magnetic, thermal or resistive 
principles. They allow a dynamic detec-
tion of the gear condition under load with 
respect to the local distribution of forces, 
moments, vibrations and temperatures, 
thermographic contact pattern analysis as 
well as monitoring of corrosion and fatigue 

conditions on materials. New in-process-
measuring methods provide a measure-
ment uncertainty up to sub-micrometer 
range. One of the targets is a permanent 
detection of the wind turbines condition 
from a distance so that defects and corro-
sions can be identified and repaired, before 
any failures can occur. 
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Summary

The Inside-Sensoring Laboratory offers 
a design and test environment for manu-
facturers and research institutions for the 
development of new sensors for the drive 
train of wind turbines.

The target-oriented development of spe-
cially adapted sensors will use the results 
of root cause analyses of damages to gears 
and bearings. Correlating measurements 
with the progression of real life damages 
will allow improved forecasting of com-
ponent failures. The detailed knowledge 
of undesired geometric deviations and 
surface properties of gear components will 
enable service providers to determine the 
operating characteristics and the causes 
for operation anomalies. This will reduce  
costs by assisting the maintenance teams 
and minimizing the number of mainte-
nance trips.

Ultimately, the goal is to support the mi-
gration from a preventive to a condition-
based maintenance by new and improved 
sensors.
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Introduction 

The current fatigue life theory for rolling 
element bearings relies on Palmgren’s ap-
proach with an exponential relationship 
between a stationary equivalent bearing 
load and expected life with a failure prob-
ability of 10% [1]. In the course of time, 
this method has been refined and now ac-
counts also for contamination, lubricant 
film thickness and the existence of a load 
limit below which bearing life is not lim-
ited by fatigue, provided lubrication condi-
tions and cleanliness are favorable [2], [3]. 
The prediction of fatigue life for changing 
load levels is still based on the assumption 
that the so called Palmgren-Miner theorem 
is valid. Accordingly, as long as the maxi-
mum allowable static load which is equiva-
lent to the shakedown limit is not exceed-
ed, fatigue life for each load level can be 
calculated independently and then be com-
bined to a resulting predicted life depend-
ing on the number of revolutions passed at 
each load level. An influence of the load 
history and, especially, the order in time in 

Fatigue Life of Rolling Element Bearings 
in Wind Power Drive Trains

which the load levels occur, are regarded 
as irrelevant. Also, short time events, even 
though possibly entailing high stresses, are 
neglected due to the small number of revo-
lutions during which they act, as long as 
the static safety limit is not exceeded.

There is an understanding that the accuracy 
of bearing life calculations using conven-
tional methods is limited, mainly due to 
two reasons:

– lack of accurate knowledge of the loads 
encountered by the bearings in reality 

– uncertainty of the validity of the Palm-
gren-Miner rule regarding short time 
events.

In the past, large enough safety factors 
helped to ensure that in despite of such 
uncertaintities bearings regularly exceeded 
or at least reached their rated lives. Since 
then, also due to the refined calculation 
methods mentioned above, bearing sys-
tems have been designed closer to their 
limits and, at the same time, the fast devel-
opment of wind power has made it more 
difficult and risky to rely on existing data 
for the operating conditions and loads.

This applies especially for the stochastic 
loads introduced by the air flow via the ro-
tor on one side and the reactions from the 

electrical power transmission via genera-
tor and frequency converter from the other 
side. Both those external inputs interact 
with the mechanical transmission charater-
istics of the powertrain which finally deter-
mine the loads encountered by each single 
element such as bearings.

Regarding bearing fatigue life it has to be 
noted that existing experimental evidence 
is merely based on one level testing with 
relatively high Hertzian contact stresses in 
order to reduce the testing times. There-
fore, it is possible that operating periods 
with lower loads are not correctly repre-
sented in life calculations in case they are 
preceeded by high loads. Tensile and com-
pression tests indicate that negative as well 
as positive effects may occur. 

It is known that macroscopic tensile stress-
es superimposed to the contact stresses 
promote rolling contact fatigue, while 
macroscopic compressive stresses, e.g. 
residual stresses as a consequence of heat 
treatment, are beneficial. Compressive re-
sidual stresses may also be generated by 
the rolling contact stresses during bearing 
operation [4]. Therefore, a small number 
of revolutions with high normal loads may 
even prolong the fatigue life during subse-
quent operation with lower loads, provid-
ed, fatigue cracks were not yet initiated and 

Figure 1: Fatigue failures 
from the bearing tests at 
IMKT, Leibniz Universität 
Hannover
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the material structure was not destabilized. 
On the other hand, high impact normal 
loads that act less time than needed for a 
full revolution may induce inhomogene-
ous residual stresses which vary along the 
bearing circumference and locally encom-
pass tensile stress components and local 
deformations, similar to the deformations 
and stress fields generated by overrolled 
hard particles. In the same way, high shear 
stresses at the surface due to imperfect sep-
aration by a hydrodynamic lubricant film in 
combination with sliding motions may also 
be detrimental. That happens e.g. when 
there are small rotational oscillations dur-
ing or nearly at standstill, an effect which is 
closely related to “false brinelling”. It also 
occurs that rollers slip in quickly rotating 
bearings when the load is too low, result-
ing in scuffing failures in extreme cases. 
Finally, there are also axial sliding motions 
e.g. due to varying rotor thrust which may 
negatively influence bearing fatigue life 
when happening during a state of mixed 
lubrication due to low speeds.

Project Description

The project focuses on the following ob-
jectives:

– To determine the influence of short time 
special events on the fatigue life of roll-
ing element bearings in wind power 
plants.

– Systematic approach in determining 
the loads and material stresses in wind 
power drive trains.

– Proposal of an improved bearing fatigue 
life model for instationary operating 
conditions in wind power plants which 
accounts for load history.

– Knowledge transfer to other applica-
tions with similar operating conditions.

The activities within the project consist in 
basic investigations into the fatigue life 
of rolling element bearings when subject 
to varying load levels. The approach is a 
combination of fatigue tests on a specially 
designed bearing test rig including metal-
lographical and X-ray examination of the 
bearings, and theoretical considerations in-

cluding FE-analysis of the stresses within 
the material close to the contact zone. In 
parallel, a method is developed to more 
accurately predict the loads and stresses in 
rolling element bearings in the real appli-
cation for existing and future wind power 
plants.

Figure 2:  FE-Modeling of the rolling 
contact zone in a bearing

Summary 

Through the expected results of this pro-
ject, the manufacturerers of large size 
transmissions and wind power plants shall 
be enabled to design their systems based on 
more realistic life predictions of vital com-
ponents such as bearings. This would help 
to enhance reliability and reduce uncertain-
ties and risks accompanying major techno-
logical steps and innovations such as large 
size offshore wind power plants involv-
ing high capital investments. Expensive 
mistakes involving repair, unscheduled 
maintenance or even redesign and replace-
ment of components shall thus be avoided 
a priory. Even in the case of problems, the 
results of the projects will be useful when 
analysing the roots of failures and choosing 
the right remedies

The project has been initiated by the 
“Research Organisation for Drive Train 
Technologies” (FVA) within VDMA, the 
“Association of German Engine Manufac-
turers” and is also sponsored by the “Fed-
eral department of Economical Affairs” 
via AiF, the “Association of Industrial Re-
search Organizations”. There is a steering 
committee with participation of experts 
from gearbox, bearing and lubricant manu-
facturers who guide the project and trans-
fer the results directly into the development 
and design process within their companies. 
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Introduction

Due to fabrication and design reasons, still 
today damages occur on composite blades. 
Most typical scenarios resulting from man-
ufacturing are damages like web debond-
ing and bond line failure. Compared with 
composite delamination these types of 
damages can seriously affect structural 
integrity. Therefore a monitoring system 
is currently developed combining novel 
measurement technology and smart ana-
lysing approaches fully adapted to turbine 
blade applications. This project was started 
in 2007 and will end in autumn 2010. It is 

Adaption and Testing of an Early Damage Detection 
and Load Monitoring System for Wind Turbine Blades

funded by the German Federal Ministry of 
the Environment, Nature Conservation and 
Nuclear Safety, represented and coordinat-
ed by PTJ (Projektträger Jülich).

Project Description

Partner HBM has developed a new kind 
of sensor type recording deflections opti-
mized for turbine blade application. This 
sensor is absolutly insensitive to lightning 
strike because no wiring and non-metallic 
components are included. Mounted inside 
the blade, it could be carefully investigated 
on a turbine blade test site concerning its 
mechanical reliability and signal-accu-
rateness. The basic assembly can easily be 
discribed (Figure 1): A glass fiber string is 
connected to the web located at a single 
fixation hook far inside the blade (Sens-
ing Location). This string is guided along 
the web to the root section where the ac-
tive sensor unit is fixed to the web again 
(Sensor Location). Deflection of the blade 
at sensing location is directly resulting in 
change of string angle at sensor location. 
This change of angle can be related to the 

Figure 1: Schematic View on Novel Blade Deflection Sensor

present deflection amplitude due to a con-
stant string tension. 

The monitoring approach is based on a 
proportionality method which already 
could be tested concerning its consisten-
cy in practice. This method also requires 
strain data taken from the root section at 
defined areas of the inner circumference. 
These strain amplitudes relate to vibration 
velocity amplitudes (calculated from de-
flection sensor data) in a proportional way 
[1]. If damage should occur, proportional-
ity psystem factor is changing (see equa-
tion below). 

ε(dyn,max)= p(system )∙|vmax |

Summary

After successfully operating around 4.2 
mio. cycles of edgewise-fatigue-testing, 
this sensor system could proof its quali-
fication which can be retraced in Figure 
2. Small damage was applied to the trail-
ing edge where a transition takes place 
from the circular shape of the root into the 
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Figure 2: Change of Proportionality during Edgewise-Fatigue-Test

aerodynamic shape of the blade up to the 
tip. After that the edgewise-fatigue-test 
was started again. Due to intense damage 
growth only two days after test start it had 
to be stopped again (Figure 2, No.1). Sig-
nal processing shows a significant drop-off 
in proportionality factor hours before this 
test was stopped. Repair work changed the 
entire stiffness properties along trailing 
edge region, so that proportionality factor 
level was completely different compared to 
reference state (Figure 2, No.3). These re-
sults proof that a starting damage at trailing 
edge section can be discovered very soon 
using this novel kind of damage detection 
system.

Beside measurements also numerical sim-
ulations have been done dealing with the 
same scenario of having constant condi-
tions during fatigue testing. To this day, 
several damage scenarios have been ob-
served. Dependent on damage location and 
length along e.g. trailing edge this system 
reveals its special potential. Only inducing 
a 1m bondline failure at lower trailing edge, 
7m away from root, proportionality factor 
Δpdamage, 23m  as well as Δpdamage, 
40m (taken from a virtual deflection sensor 
based at 23m and 40m) show deviations of 
8.7% to 10.7% compared with undamaged 
state. Eigenfrequency only changed by 
0.5% due to this scenario.

It is obvious that damages can be detected 
much better using proportionality method 
than using change of eigenfrequency as an 
indicator [2].

Currently an operating turbine blade is 
equipped with two deflection sensors and 
a line of fiber optic strain gages including 
four sensing locations. When test is started 
in mid of August 2010, signal processing 
will show the potential of the entire system 
dealing with real working conditions of an 
3.4MW onshore wind energy converter.
.
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Probabilistic Safety Assessment of Offshore Wind Turbines

Introduction

Current codes and regulations (GL guide-
line [1], DNV standard [2] etc.) for the 
design of offshore wind turbines (OWT) 
encompass deterministic values for actions 
and resistances. Safety concepts for con-
structions contain partial safety factors to 
ensure a sufficient distance between effec-
tive and limit stress. The aim of this project 
is to perform a safety review for OWT by 
the use of probabilistic methods. Further-
more, partial safety factors regarding reli-
able and economic support structures and 
components of OWT should be predefined. 
By using probabilistic methods the sto-
chastic distribution of all sizes of nature 
should be taken into account. In addition to 
the determination of safety elements con-
cerning the civil engineering, safety and 
reliability assessments of the mechanical 
and electrical components should be con-
sidered.

Project Description

This joint research project involves differ-
ent areas of research. To provide an inte-
gral safety assessment, research projects 
(RP) are set. The RP 1 encloses the several 
packets and should integrate the specific 
safety and reliability approaches of civil 
engineering, systems engineering and en-
ergy supply (see figure 1).

In all RP probabilistic methods are used. 
Unlike the deterministic approach proba-
bilistic methods consider random dis-
tribution of input parameters. Thus, it 
is possible to give statements about the 
occurrence probability of specified sys-
tem states and to carry out sensitivity 
analysis concerning the influence of sin-
gle input parameters. The safety assess-
ment and optimisation of the economy of 
the support structure is permitted by use  
of reliability methods.

Figure 1: Research projects
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Safety elements should be derived and 
validated for the significant load-scenarios 
in different limit states. Therefore, differ-
ent steps of the reliability theory will be 
applied. Simplified probabilistic meth-
ods as the First Order Reliability Method 
(FORM) will be used in general analyses. 
In special cases more accurate methods as 
e. g. the Adaptive Response Surface Meth-
od (ARSM) should be used. 

The existing safety level of present con-
structions should be described for currently 
code-compliant design. Furthermore, a ba-
sis for a safety level of the support struc-
ture and the components of an OWT is 
provided.

The results should be implemented in a 
semi-probabilistic safety concept.

The reliability assessment should encom-
pass the mechanical-electrical energy con-
version and the electronic transformation 
up to the network supply. Additionally, 
different generator-converter-systems and 
the power transfer from the offshore wind 
farm to the onshore power grid should be 
determined. Thus, another aim of this re-
search project is to review and to advance 
the reliability of the mechanical and elec-
trical components of an OWT by using 
probabilistic methods. These knowledge 
admit evidences about the reliability of the 
whole system considering the stochastic 
distribution of loads and resistances.

Summary

This interdisciplinary project should an-
swer the central question of the design 
process: What is the probability of failure 
in the current design of OWT? Further-
more, possible optimisations for the struc-
tural design should be detected.

By using probabilistic methods the prob-
abilities of failure will be calculated. The 
existing modes of failure of the support 
structure will be consolidated in a fault tree 
analysis. By this, relevant failure modes 
and the resulting probability of failure will 
be determined. With this improvement 

Figure 2: Development procedure for probabilistic design
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mechanical and electronical components 
of the OWT will be considered.
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Introduction

The rotor-tower interaction of a 3p wind 
turbine causes an oscillating power out-
put with a 3p frequency [1] and the more 
troublesome load pulses acting on the 
blades, the main shaft the support bearings, 
the power transmission system, and the 
tower. The tower interaction in downwind 
and upwind turbines differs in nature. For 
downwind turbines this interaction is usu-
ally referred to as tower shadow and has 
been studied by several authors [i.e. 2, 3, 
4, 5]. For upwind turbines the rotor-tower 
interaction is governed by the aerodynamic 
coupling of the blades and the tower and 
by the interaction of the blades with the 
velocity field around the tower. A detailed 
description of these tower interference 
models (TIM) is given in [6]. But a simple 
aerodynamic modelling of this interaction 
by means of symmetric tower flow models 
is not capable of capturing all the effects 
present such as tower wake meandering, 
coupling of tower and wakes, lateral tower 
loads and break up of rotor wakes. Com-
putational studies of this coupling have 
shown that induced unsteady circulations 
both on the blades and on the tower appear 
during the blade passage which cannot 
be accounted for using a traditional BEM 
analysis

Aerodynamical Rotor-Tower Interaction 
and Aeroelastical Rotor-Tower Coupling

Project Description

A new TIM for upwind horizontal axis 
wind turbines is formulated. The numeri-
cal results are validated against the results 
of a simple experiment. The model is based 
on fully turbulent 2D CFD computations of 
the blade tower interaction. Unsteady sim-
ulations of a blade passing in front of the 
tower are used to capture the dynamic ef-
fects of the flow and the aerodynamic cou-
pling of the bodies. The model proposes a 
correction function for the lift coefficient. 
This correction is a function of geometrical 
parameters such as the rotor-tower distance 
and the diameter-to-chord ratio. The cor-
rection factor is intended as a multiplica-
tive factor for the lift force coefficient cl, as 
calculated using an inviscid flow formula-
tion. The characteristics of the model ac-
count for different phenomena [7, 8]:

– The pulsating displacement of the vortex 
shedding points has mainly two conse-
quences: the tower is laterally loaded 
with a 3p frequency and a meandering 
tower wake. Hence the symmetry of the 
vortex street behind the tower is not giv-
en any longer which leads to a skewed 
shedding pattern thus causing the mean-
dering (Fig. 1). The vorticity from the 
blade is divided in front of the tower and 
it is not united again behind it.

– The pulsating displacement of the vortex 
shedding points has mainly two conse-
quences: the tower is laterally loaded 
with a 3p frequency and a meandering 
tower wake. Hence the symmetry of the 
vortex street behind the tower is not giv-
en any longer which leads to a skewed 
shedding pattern thus causing the mean-
dering (Fig. 1). The vorticity from the 
blade is divided in front of the tower and 
it is not united again behind it.

– The vortex shedding frequency, which 
is presumably 1.5p, on the tower clocks 
with the blade passing frequency where-
as the clocking effects disappear for 
larger rotor-tower separations.

– An overshoot of the lift coefficient due 
to a prediction of a dip in the angle of 
attack as the blade passes in front of the 
tower can be caused by using a dynamic 
stall model together with a traditional 
TIM. As seen in Fig. 2, the tower obliges 
the flow to “squeeze” through the blade-
tower gap, causing an increase in veloc-
ity which reenergizes the boundary layer 
and reduces trailing edge separation. 
This effect also inhibits the formation, 
shedding and convection of dynamic 
stall related vortices. Therefore the dy-
namic stall models are damped for the 
moment the blade crosses the tower by 

Figure 1: Vorticity contour at the moment 
the blade is leaving the rotor-tower 
interference region [8]
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leave it running in the background and 
be smoothly blended back on as the 
blade leaves the tower region.

The BEM implementation calculates the 
load history on a blade during one rotor 
revolution using the new TIM and couples 
the aerodynamics of the turbine with the 
modal response of a rotor with N x 4 de-
grees of freedom (1st and 2nd flapwise and 
edgewise modes for N blades). Two modi-
fications are done to the BEM method for 
the estimation of the tower interference ef-
fects. First, the induction factors are calcu-
lated with the undisturbed velocities since 
the BEM method is based on radial sym-
metry of the annular segment being con-
sidered. So the results would not be rep-
resentative for the whole rotor plane if the 
calculated induction factors use the veloc-
ity values obtained as the blade is in front 
of the tower. Second, the Prandtl’s tip loss 
factor is calculated without tower effects as 
well, since this factor is not a direct func-
tion of the local inflow angle, but more a 
function of the average separation between 
vortex sheets in the wake. Hence the BEM 
method is initially applied without tower 
effects for each radial element of the ro-
tor, iterating on the induction factors until 
residuals lower than 1 x 10-5 are obtained. 
The tower influence is then calculated with 
a potential flow model. With this informa-
tion the angle of attack of the profile is 
calculated and the lift and drag coefficients 
are found. Subsequently, the lift coefficient 
is modified with the proposed correction 
function. Finally the element loads are in-
tegrated along the span of the blade to cal-
culate the flapwise and edgewise moments 
at the blade root. The computed results are 
in good agreement with experimental data 
(see [8]), but further experimental vali-
dation at smaller rotor-tower clearances 
should be done.

Summary

The interference of the blades with the 
tower of an upwind horizontal axis wind 
turbine leads to pulsating loads at the mo-
ment the blade passes in front of the tower. 
The interaction between the blades and the 

Figure 2: Streamlines showing the flow field at the moment the blade passes in front of 
the tower[7]

tower causes a displacement of the stagna-
tion point and the vortex shedding points 
of the tower and also an acceleration of 
the flow in the gap between the blades and 
the tower. Traditional TIMs fail to predict 
these aerodynamic interactions and there-
fore underestimate the maximum flapwise 
bending moment. Furthermore, the reduc-
tion of the flapwise bending moment is 

overestimated while the blade crosses the 
stagnation region in front of the tower. The 
correction function for the lift coefficient 
introduced by the developed model takes 
these problems into account and conse-
quently predicts lower stress amplitudes in 
the material of the blade in comparison to a 
potential flow model. 
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Introduction

In the alpha ventus wind farm jacket and tri-
pod structures are built as foundation struc-
tures. For anchoring these structures in the 
sea floor open ended steel pipe piles with 
diameters between approx. 1.8 m and 2.7 m 
are used. The required embedded length of 
the piles results from the design load case 
for the axial tension load. Under the current 
state of the art, the design follows the guide-
lines of API (API 2000, API 2007) on the 
so-called β-method. Based on the strongly 
criticized results of this method new CPT-
based methods have been developed. But 
the different CPT-based methods give very 
different results, so it is not clear which 
method best suited for the defined boundary 
conditions (Achmus et al. 2009).

For the boundary conditions of the German 
North Sea with dense to very dense sand, a 
parameter study was carried out. This points 
the differences in axial tension resistance 
with respect to the different procedures out. 
To identify an appropriate method for the 
existing conditions, the experimental data 
base, which was used for the validation of 
the methods, was evaluated.

Evaluation of CPT-based Methods for 
Predicting the Axial Pile Capacity of Offshore Piles

Project Description

In general, the composition of the axial ten-
sion resistance is of the pile weight and the 
outer and inner skin friction. In the case of 
plugging in the interior of the pile, the inner 
skin friction is only as long as decisive, as it 
does not exceed the weight of the soil plug.
The design value for the skin friction f can 
be determined by pile load tests or by using 
empirical methods. In the offshore technol-
ogy pile load tests are very expensive, so 
that empirical methods are necessary to de-
termine the skin friction.

The usual method for calculating the tension 
resistance of offshore piles is the b-method 
in accordance with the Directive API RP 2A 
(API 2000, 2007). Herein the skin friction 
results of the product of the vertical over-
burden stress in the depth z and the b-factor. 
The skin friction is limited to a maximum 
value with respect to the density of soil. The 
prefactor of 2/3 according to the guidelines 
of Germanischer Lloyd (GL 2005) could be 
accounted for the tensile loading case.

Because of the criticism of this method 
(Toolan et al. 1990, Lehane et al. 2005), the 
mechanical behavior of the pile was exam-
ined and six key factors have been identi-
fied by which the behavior of driven piles 
can be described. Based on these factors, 
the CPT-based methods ICP-05, UWA-05, 
Fugro-05 and NGI-05 had been developed 
(API 2007, DIN EN ISO 19902). However, 
there is a lack of experience in dealing with 
these methods. 

The use of cone penetration test results 
lead to a much more accurate description 
of the soil conditions than possible by the 
β-method. The analytical representation of 
the friction fatigue is one of the differences 
between the relevant methods. During in-
stallation of the pile the soil is sheared con-
tinuously against the pile shaft until its final 
depth is achieved. This leads to a reduction 

in skin friction. In the methods ICP-05, 
UWA-05 and Fugro-05 the friction fatigue 
is expressed by the term (D / (L-z))c, which 
describes a nonlinear behavior of z over the 
depth. In contrast, in the NGI-05, a linear 
approach with z / L was chosen. 

The methods described above are semi-
empirical approaches that have been cali-
brated against a database of pile load tests. 
Pile load tests with very different boundary 
conditions have been included in these da-
tabases. Most of the tested piles have diam-
eters with D <1.0 m.

The soil in the North Sea typically consists 
of medium dense and often dense to very 
dense sands. For tripod and jacket structures 
open ended steel pipe piles with a diameter 
between 1.5 m and 3.0 m and pile slender-
ness of L / D = 10 and L / D = 40 are used. 
In the test field alpha ventus the pile slender-
ness of the introduced piles are between L / 
D = 15 and L / D = 20. Pile load tests, which 
conform to these boundary conditions, are 
very hardly.

In the database of the NGI-05 method, only 
7% of the included pile tests are comparable 
with the boundary conditions of the Ger-
man North Sea. The methods ICP-05 and 
Fugro-05 were calibrated against relatively 
small data bases with 39-45 open tubular 
steel piles, whereas approx. 25% of the 
contained pile load tests are comparable 
with the relevant boundary conditions. The 
dimensions of the piles in the databases are 
very small, so that only the pile slenderness 
and the existing soil characteristics are com-
parable values. From the database of the 
UWA is only 12% of the results representa-
tive of the relevant boundary conditions.

For the relevant pile load tests from these 
databases, the axial load by means of differ-
ent procedures was determined. Due to the 
small number of only 6 tests, a final evalua-
tion is difficult (see Fig. 1). 
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For further evaluation of the methods a 
parametric study by varying the main pa-
rameters – embedded length L, diameter D 
and relative density of soil Dr – was carried 
out with respect to the boundary conditions 
of the German North Sea, described above. 
It was assumed that a homogeneous soil 
structure with a constant density between 
Dr = 0.5 to Dr = 1.0.

It was shown that the results of the CPT-
based methods for short piles in very dense 
sands are well above the calculated capaci-
ty according to the β-method. For thin piles 
and moderate densities the sustainability of 
the API is however relatively high. These 
observations correlate with the criticisms 
of the β-method (Toolan et al 1990, Lehane 
et al. 2005, see Fig. 2).

Especially the variation of the diameter D 
indicates, that the sustainability is dispro-
portionately with increasing diameter (D 
> 1.0 m), as shown in Figure 2. However, 
there are no pile load tests with those di-
mensions for which the procedures have 
been validated. So the application of these 
new methods for offshore piles is estimate 
as critical.

Figure 1: Comparison of calculated and measured tensile pile 
capacities with respect to pile slenderness ratio L/D

Summary

The axial capacity of offshore piles has 
been studied. The current design bases on 
the regulations of the API (2007), which 
was criticized by some research groups. 
In recent years new CPT-based calculation 

Figure 2: Comparison of tension pile capacities derived from 
the different approaches with respect to the pile diameter
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Introduction

At IGBE, the displacement behavior of soil 
is being investigated through the use of a 
triaxial soil testing apparatus. The triax-
ial testing of soils serves to determine the 
static as well as cyclic stiffness and shear 
strength of soils. These soil parameters 
are required for the geotechnical design 
of a structure subjected to static or cyclic 
loads. Therefore, in addition to the triaxial 
testing of soils, model tests of a rigid lat-
eral pile under static and cyclic loads were 
performed to determine underlying soil pa-
rameters that may influence the displace-
ment accumulation of piles.

Cyclic Triaxial Testing of Soils

Project Description

Static and cyclic triaxial tests on a soil 
sample under varying consolidation stress-
es have been performed within the last 
year. The soil sample consists of a rather 
uniformly distributed medium sand (F34 
quartz sand) and were prepared for the 
tests with a constant soil density of D = 
0.40 (medium dense). All tests were con-
ducted according to DIN 181372:199012 
and were consolidated and drained (CD-
triaxial tests). 

Figure 1 (a) depicts the static test re-
sults shown as the stress-strain curves 
for the medium dense quartz sand un-
der varying consolidation stresses (σc = 

23.75/71.25/118.75 and 213.75 kN/m²) in 
double-logarithmic scale. An angle of in-
ternal friction φ' of the soil taken from the 
peak values of the deviator stresses could 
be determined as 36.95°. The curves are 
almost parallel and for small strains (εa < 
2%), the stress-strain curves can be repre-
sented by straight lines (shown as dashed 
lines in Figure 1 (a)). This would imply 
that the deviator stress  increases as an 
exponential function of the strain  εa(q = 
εa

k). The soil exponent or k describes the 
increase of the stress-strain curves and can 
be determined from Figure 1 (a). As the 
curves are almost parallel, k can be said 

to be independent of the consolidation 
stresses σc. For the tested soil sample, the 
determined value of  k was between 0.43 
and 0.50 with an average of k = 0.47. 

Cyclic triaxial tests were also performed 
on the same reconstituted soil. The soil 
samples were loaded anisotropically, such 
that a cyclic stress amplitude ±∆q was ap-
plied with a constant mean value qm that 
lies on the positive axis. The maximum 
applied cyclic stress amplitude is com-
monly expressed as a percentage of the 
static peak deviator stress and is termed 
as the cyclic load ratio or CLR. For the 
tests that were conducted, stress ampli-
tudes with CLR-values between 0.6 and 
0.8 were applied. The results of cyclic 
triaxial tests showing the strain accumu-
lation with number of cycles N for the 
medium dense F34 quartz sand under a 
confining pressure of σc = 75.25 kN/m2 
with varying applied cyclic stress ampli-
tudes are depicted as symbols in Figure 1 
(b). A comparison of the curves show that 
the soil sample with a cyclic load ratio of 
CLR = 0.80 accumulated large strains and 
led to failure. However, at lesser values 
of applied cyclic stresses (CLR < 0.80), 
the strain accumulation with increasing 
number of cycles stabilized and underwent 
“shakedown”.

Figure 1: (a) Stress-strain curves in 
double logarithmic form of the F34 sand 
from static triaxial tests; (b) Cyclic strain 
accumulation curves of the F34 sand 
from cyclic triaxial tests 
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The cyclic strain accumulation curves re-
sulting from the triaxial tests were also 
compared to known empirical formu-
lations of strain accumulation εN with 
number of cycles N. The most common 
empirical formulations are either logarith-
mic or exponential in form and predict the 
strain accumulation in soils that undergo 
shakedown. In general, the tested empiri-
cal formulations predicted the measured 
strain accumulation very well. Figure 1 (b) 
shows the predicted strain accumulation 
according to an exponential formulation 
of the type εN = εN =1 ·N

m (shown as dashed 
lines). The exponent m is a soil parameter 
and was determined to have a value of 0.12 
for the F34 quartz sand. As expected, the 
predicted strain accumulation was a good 
fit for curves that stabilize (shakedown) 
but not for curves with higher stress ampli-
tudes that lead to failure.   
  
According to Dietrich (1982) and Hettler 
(1981), the theory of similarity applies to 
the deformation behavior of granular soils 
and rigid structures. Thus for example, the 
displacement of a rigid pile that is embed-
ded in sand and subjected to a static, lateral 
load follows the so called “power law”, 
similar to the deformation behavior of sand 
in a triaxial test. The power law simply 
states that the pile displacement  increases 
exponentially with the applied lateral load 
H such that y = f · Hα, whereby the load 
exponent α is taken as the inverse of the 
soil exponent k determined from the stress-

strain diagram of the sand in a triaxial test 
(α = 1/k). At the IGBE, 1g-model tests of 
laterally-loaded piles that were placed in 
the F34 quartz sand were conducted and 
have verified the power law that describes 
the pile displacement behavior. A detailed 
description of the small-scale pile tests can 
be found in [Peralta and Achmus (2010)]. 
In Figure 2 (a), the dimensionless load-dis-
placement curves of short and rigid model 
piles with varying lengths L  and soil den-
sity D are depicted in double-logarithmic 
scale. As with the stress-strain curves of 
the same sand in triaxial tests, the load-dis-
placement curves of the static, lateral pile 
tests in the F34 quartz sand are almost par-
allel, so that a constant slope of the curve 
may be assumed for all the tests. Thus, 
an average value of the load exponent α 
equivalent to 2.05 for the rigid piles could 
be determined. The inverse of α gives a 
value of k = 0.49, which corresponds to the 
average soil exponent k = 0.47 determined 
from the triaxial tests.

The displacement behavior of rigid piles 
subjected to cyclic loads is also similar to 
the cyclic deformation behavior of cohe-
sionless soils. This property is illustrated 
in Figure 2 (b), in which the normalized 
displacement accumulation curves for a 
rigid model pile under varying cyclic load 
amplitudes are shown. All curves from the 
different cyclic loads coincide, so that a 
general displacement accumulation ex-
pression could be derived. The expression 

Figure 2: (a) Dimensionless displacement-moment load diagram of the set of rigid model 
piles in double logarithmic form; (b) Normalized cyclic displacement accumulation curves 
of a rigid model pile

is exponential in form: yN/yN=1 = Nm, and is 
shown as a dashed line Figure 2 (b). For 
the illustrated model pile in the F34 quartz 
sand, the exponent m was found to be equal 
to 0.12. This value of  from the pile tests 
is identical to the exponent m from the cy-
clic strain accumulation curves of the sand 
from triaxial tests. 

Summary

In this report, it has been shown that the 
static and cyclic behavior of soils can be 
analyzed from the results of triaxial tests. 
Soil constants could be determined and rel-
evant strain accumulation equations could 
be verified. Furthermore, small-scale tests 
that were conducted have shown that key 
deformation behavior characteristics of a 
rigid, laterally-loaded pile can be predicted 
by means of soil parameters, which can be 
derived from triaxial tests. In future work, 
the soil parameters derived from triaxial 
tests should be further investigated so as 
determine any other influencing factors.
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Introduction

In the Forwind Annual Report 2008 the 
Stiffness Degradation Method (SDM) was 
presented, an approach developed at IGBE 
for estimating the behaviour of large di-
ameter driven piles under cyclic lateral 
loading. Although feasible results already 
have been obtained, further validation of 
the method by comparison with experi-
mentally gained results is important. In the 
actual report period the SDM has been ap-
plied successfully on the back-calculation 
of a series of experimentally conducted 
pile tests.

Project description

The SDM is an approach developed for 
estimating the deformation of piles under 
cyclic horizontal loading. The method is 
based on the combination of the results of 
cyclic triaxial tests with numerical simula-
tions. For details refer to Kuo (2008) and 
Achmus et al. (2008, 2009). The principal 
aspects are listed in the following:

– The pile deformation is calculated by 
means of a three-dimensional (3D) finite 
element model. The soil behavior under 
static loading is modelled by an elasto-
plastic material law with Mohr-Coulomb 
failure criterion.

– In element tests (cyclic triaxial tests) 
an approach by Huurmann is used to 
describe the increase of the permanent 
strain of the soil. By this the follow-
ing equation can be deduced, which is 
supposed to approximate the decrease 
of the (secant) stiffness modulus of 

Estimation of Deformation of Offshore Piles 
under Cyclic Lateral Load with SDM-Method

the soil with the number of load cycles 
N: ES,N / ES,1 =N-b1X^b2. Herein the term 
X=σ1,cyc / σ1,f is the cyclic stress ratio, 
and, b1, b2  are regression parameters to 
be determined in triaxial tests. 

– In the finite element model for each soil 
element a cyclic stress ratio is deduced 
by analyzing the initial stress state and 
the stress state under horizontal loading. 
Subsequently a revaluation of the system 
will be conducted, under consideration 
of the reduced stiffness values after N 
cycles. The result is supposed to repre-
sent the system behavior under cyclic 
loading.

The presented approach is an “engineering 
procedure”, i.e. rather oriented on practical 
applicability than on theoretical precision. 
It allows the determination of pile deforma-
tions, taking into account both the specific 
ground conditions, for example layered 
soil, and the load constraints, i.e. the load 
levels and the number of load cycles. Kuo 
(2008) showed by recalculation of experi-
ments that the approach provides plausible 
results. Model tests also can be simulated 
in a satisfactory manner. However a final 
verification, accounting for field observa-
tions and measurements, is still pending 
and is indispensable.

Recently, LeBlanc et al. (2009) (see also 
LeBlanc et al. 2010) presented the results 
of a series of 1g-model tests, eligible for 
back-calculation with the SDM. A stiff 
copper monopile in unsaturated sand was 
subjected cyclic lateral loading. Figure 1 
shows a schematic diagram indicating the 
dimensions used. The sinusoidally acting 
horizontal force was applied at the top of 
the pile, at a distance e above the ground 
surface. The secant rotation of the pile was 
measured by analyzing two deflectometers 
installed at different heights. 

For determining the static moment capac-
ity of the model pile, LeBlanc et al. (2010) 

initially carried out static load tests in both 
loose and medium dense sand, and plotted, 
in dimensionless terms, the applied mo-
ment against the pile rotation. These tests 
were back-calculated at IGBE for cali-
brating the parameters of the soil model. 
The results are shown in the chart in Fig-
ure 2 (a). It is observable, that by adjust-
ing the friction angle the results coincide 
quite well for medium dense as well as for 
dense sand. Especially for service loads, 
i.e. loads smaller than 50 % of the ultimate 
load, a very good agreement is achieved.

For modelling with the SDM three pile tests 
in medium dense sand (relative density 
Dr = 38 %) were chosen. The characteristics 
of these tests are tabulated in Figure 2  (b). 
The parameter ζb specifies the amount of 
the applied cyclic load normalized by the 
static ultimate load: ζb= M/Mult. The tests 

Pile diameter, D (m) 0.08

Wall thickness, t (m) 0.002

Penetration depth, L (m) 0.36

Load eccentricity, e (m) 0.43

Pile weight, V (kN) 0.035

Figure 1: Sketch of the model pile from 
the test series LeBlanc and dimensions 
used (from LeBlanc et. al. 2010)
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were modelled in the original small scale 
dimensions as well as in dimensions of a 
typical offshore-monopile, applying the 
model law derived by LeBlanc (2009).

LeBlanc presented the results of the labo-
ratory tests in terms of the evolution of the 
accumulated pile rotation with the number 
of load cycles. The pile rotation is thereby 
expressed as the rotation resulting from cy-
clic loading after N cycles, diminished by 
the rotation after the first cycle, in terms of 
the rotation that would occur in a static test 
when the applied load equals the maximum 
cyclic load: (θN-θ0)/θs=Δθ(N)/θs. 

Figure 2 (c) shows comparatively the re-
sults of the laboratory tests and the nu-
merically, under application of the SDM 
obtained results.

From the experiments LeBlanc (2009) 
deduced that the pile behavior can be 
described by an exponential approach: 
Δθ(N)/θs = Tb(ζb,Dr)TcN

a. Herein Tb and Tc 

are dimensionless functions, depending 
on the load characteristics and the relative 
density Dr. The exponent α was assigned a 
value of 0.31 for the test results. Also from 
the results of the numerical modeling the 
accumulation was found to be increasing 
exponentially, though this finding is not 
thoroughly valid for low values of N, i.e. 
here for N = 10. Disregarding the values 
for a low number of load cycles, the ex-
ponent describing the increase of the ac-
cumulated rotation in the simulation was 
found to have values between 0.22 and 
0.24, slightly depending on the amplitude 
of the applied cyclic load. Hence the data 
obtained from laboratory tests and numeri-
cal simulations quantitatively do not coin-
cide exactly, but, in view of the idealiza-
tions made, this was not to be expected. 
Besides, the cyclic parameters used in the 
SDM only could be assigned estimated 
values, as LeBlanc does not mention re-
sults of cyclic triaxial tests carried out with 
the used soil. However, qualitatively the 
pile behavior under cyclic lateral loading is 
reflected quite well. 

Figure 2: 
a) Dimensionless moment-rotation curves obtained by LeBlanc (2009) 
compared to the results of numerical modelling;
b) Tests chosen for modelling with the SDM; 
c) Evolution of the accumulated pile rotation  with the number of load cycles, results of 
the laboratory tests and of the numerical simulations with the SDM.

Summary

The stiffness degradation method, an ap-
proach developed for estimating the behav-
ior of piles under cyclic horizontal loading, 
has been applied on the back-calculation of 
a series of pile tests presented by LeBlanc 
(2009). A good agreement with the experi-
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Introduction

The aim of the research project OWEA is to 
meet the demand for a holistic consideration 
of offshore wind turbines (OWT). The flow 
conditions, turbulence parameterisation, 
power curves, structural dynamics and on-
line monitoring of the loading behaviour of 
OWT are considered. The Institute for Steel 
Construction of the Leibniz University Han-
nover is participating in the work package 3 
“Verification of wind turbine dynamics and 
loads” of the OWEA project. The investiga-
tions concentrate on the dynamic response 
of arbitrary space frame support structures, 
in particular jackets, due to dynamic wind 
and wave excitations. 

The comparison of simulation results with 
measurement data of wind turbines in the al-
pha ventus test field offers the possibility to 
validate offshore wind turbine models in the  
5 MW class and to gain deeper knowledge 
about the dynamic behaviour concerning 
wind turbine – support structure interac-
tions.

Project Description

Integrated simulation models of offshore 
wind turbines
For lack of appropriate simulation software 
for OWT with arbitrary space frame sup-
port structures the Endowed Chair of Wind 
Energy (SWE) and the Institute for Steel 
Construction (ISC) coupled their existing 

OWEA –  Verification of Offshore Wind Turbines 
(Work Package 3)

software codes Flex5 and POSEIDON by 
developing an interface at the beginning of 
the OWEA project [1]. This coupling has 
mainly been developed by the   SWE and has 
been implemented by Daniel Kaufer (SWE) 
and Cord Böker (ISC). Flex5 is a state-of-
practice simulation code that is widely uti-
lised in the wind industry. Flex5 is used for 
the wind turbine and tower model, as well as 
the controller and the aero-elastic wind load 
simulation. The coupling with POSEIDON 
has improved Flex5 to compute OWT with 
arbitrary, hydro-dynamically loaded support 
structures [2] (see Fig. 1).

Code-to-code comparisons 
Initially the erection of alpha ventus was 
scheduled in autumn 2009. But the difficult 
weather conditions offshore delayed the in-
stallation of these twelve 5 MW wind tur-
bines. Consequently the measurement data 
was not available in 2009.

Instead, the coupled Flex5-POSEIDON 
code could be verified successfully within 
the IEA Wind Task 23 - Subtask 2. 

Since the OWEA project was running over a 
year until the beginning of 2009 several off-

Figure 1: Flex5-POSEIDON Model of the 
REpower 5 MW OWT at  alpha ventus [3]

shore codes of research institutes and indus-
trial firms were developed for arbitrary space 
frame support structures in the meantime. 

A code-to-code comparison of simulation 
results showed good agreement between the 
most popular available simulation codes for 
the reference NREL 5-MW baseline wind 
turbine model with tripod support struc-
ture. During the comparison of results the 
coupled natural frequencies were calculated 
and time domain analysis for reference load 
cases were performed [4]. This verified 
code version is the basis for further numeri-
cal investigations.

Influences on the local dynamics
The Flex5-Poseidon coupling allows an in-
tegrated simulation of support structures for 
wind turbines under combined aerodynamic 
and hydrodynamic loading. Additionally, 
the consideration of the cross-influence ef-
fects of rotor-nacelle assembly and support 
structure is taken into account in this ap-
proach.

The natural frequencies of local brace 
modes of jacket support structures for 
OWT are reduced essentially due to the 
hydrodynamic added mass. Furthermore, 
support conditions and local joint flexibili-
ties influence the local eigenfrequencies. 
In particular the off-plane bending brace 
modes of jackets with the largest deflec-
tions at the sea bottom bay have low local 
eigenfrequencies, which are in the range of 
2.0 - 3.5 Hz. Fig. 2 shows exemplarily the 
two local modes of a representative jacket 
with the lowest local eigenfrequencies. The 
red-dotted lines indicate the undeformed 
structure, the blue lines show the eigenvec-
tor 14 and 15.

Excitation of local vibrations
In the earlier mentioned range of local ei-
genfrequencies several wind induced ex-
citing frequencies can be found as Fig. 3 
shows. Coupled blade modes and higher 
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harmonic rotor speeds affect the local vibra-
tions of the support structure strongly as in-
vestigations from Böker [2] and Dubois [5] 
have shown. In normalised power spectral 
density charts (PSD) of local modes high 
amplitudes are visible at several exciting 
frequencies. Since the exciting frequencies 
are changing with varying rotor speed un-

der turbulent wind the amplitudes form a 
range of peaks. Fig. 3 shows a PSD  of the 
out-of-plane acceleration of the downwind 
side braces crossing point. In this load case 
2.09 a turbulent wind with 9 m/s mean wind 
speed at hub height is considered. The range 
of harmonic exciting frequencies of the ro-
tor speed up to 21P is additionally plotted 
as green-dotted lines. The peaks are remark-
able around the 12P, 18P and 21P range. Al-
though the local modes 14, 15, 18 and 19 are 
not directly excited, significant amounts of 
energy can be found at natural frequencies 
of the system. The absolute highest peak is 
in the range of 21P around the local natural 
frequencies at 3.8 Hz.

Additional to the wind loading the com-
bined wind and wave loadings were con-
sidered. Figure 4 shows a PSD of the out-
of-plane acceleration of the downwind side 
braces in load case 3.13. In this load case  
13 m/s turbulent wind at hub height 
and irregular seastate with 1.8 m sig-
nificant wave height and a peak period of  
6.0 s are considered. The black line shows 
the PSD without hydrodynamic damping, 
the grey line shows the PSD with hydrody-
namic damping. In this case the impact of 
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the hydrodynamic damping is smaller than 
expected. Despite the wave loading clearly 
dominates the structural answer the amount 
of energy around the wind induced local vi-
brations is high in comparison to the wave 
excitation. 

Summary 

The numerical investigations on integrated 
simulations of OWT with arbitrary space 
frame support structures showed signifi-
cant cross-influence effects of rotor-nacelle 
assembly and support structure. The local 
vibrations are excited up to frequencies 
around 4.0 Hz. 

The measurement data of alpha ventus is 
strongly needed for a validation of the imple-
mented simulation methods in existing off-
shore code, in particular Flex5-POSEIDON. 
The issues of the hydrodynamic damping 
impact and the  influence of local vibrations 
on the fatigue loading are not sufficiently in-
vestigated since essential effects can only be 
investigated by accompanied comparisons 
to measurement data. The first measurement 
data is expected in autumn 2010.
 

Figure 3: Normalised PSD of the out-of-plane acceleration of 
braces in the first bay, LC 2.09 [2]

Figure 4: Normalised PSD of the out-of-plane acceleration of 
braces in the first bay, LC 3.13 [2]
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Introduction

Today’s Offshore Wind Turbines (OWT) 
are mainly supported by steel support 
structures like Monopile, Tripod, Tripile, 
or Jacket. Especially the Monopile founda-
tion is suitable for water depth up to 25 m. 
Due to small manufacturing and installation 
costs Monopile foundations are also dis-
cussed for the upcoming German Offshore 
Wind Projects in larger water depths. With 
increasing water depths the diameters of the 
steel piles have to be enlarged. To ensure 
an optimized design the wall thicknesses of 
piles and towers are reduced simultaneously 
which leads to high slender structures. The 
connection between Monopile and tower 
of an OWT is realised by a hybrid tube-to-
tube connection the so called grouted joint. 
The gap between outer and inner steel sec-
tion is filled with a high performance grout. 
Grouted joints are also used in lattice sup-
port structures (see Figure 1).

GROW – Grouted Connections for 
Offshore Wind Turbine Structures

In fixed steel offshore structures of the pe-
troleum and gas industry grouted joints are 
state-of-the-art. Several design guidelines 
for these structures rule the design and 
construction of grouted joints. In contrast 
to the connections of the petroleum in-
dustry hybrid connections in OWTs with 
Monopile foundations are mainly exposed 
to bending moments due to wind and wave 
actions. The design guidelines for the steel 
offshore structures of the offshore gas in-
dustry cannot be transferred. Only a few 
design recommendations for grouted joints 
in OWTs are available. A final clarifica-
tion of the bearing behaviour of the hybrid 
connection under ultimate and especially 
under high frequent fatigue loadings does 
not exist.

Project Description

Within the BMU - research project ‘GROW 
– Grouted Connections for Offshore Wind 
Turbine Structures’ the bearing and fatigue 
behaviour of high slender grouted connec-
tions in OWT is investigated. ‘GROW’ is 
funded by the German Federal Ministry 
for the Environment, Nature Conservation 
and Nuclear Safety (BMU), which is rep-
resented by the Projektträger Jülich (PTJ). 
The project started in October 2006 and 
will end in September 2010. During this 
period the bearing and fatigue behaviour of 
grouted connections of offshore wind tur-

bine support structures is examined at dif-
ferent limit states in cooperation with the 
Germanischer Lloyd, Hamburg, the SIAG 
Anlagenbau Finsterwalde GmbH, and Hei-
jmans Oevermann GmbH, Münster. The 
experimental investigations included small 
and larges scale tests. The small scaled 
tests have been carried out in 2008 to ana-
lyse the axial force capacity. 

In 2009 the experimental tests focussed on 
the large scale bending tests. Therefore the 
conclusions and results of the former For-
Wind - Project ‘TP V: Forecast of Fatigue 
Life of Support Structures of Offshore 
Wind Energy Conversion Systems’ were 
used as basis for ‘GROW’. The test-setup 
from the ForWind - Project TP V was mod-
ified and used for the large scale tests to 
investigate the influence of different grout 
materials and overlap lengths (see Fig-
ure 2). Current guidelines recommend an 
overlap ratio between overlap length and 
pile diameter of 1.5. In ‘GROW’ overlap 
lengths between Monopile and Transition 
Piece and grout material strengths were 
downscaled significantly. Preliminary re-
sults of the large scale tests were presented 
at the Offshore Wind Energy Symposium 
in Hannover in 2009 [1].

Figure 1: 
Grouted connections in Offshore Wind 
Turbine Structures [1]
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The experimental investigations were used 
for the calibration of Finite Element mod-
els. Hence, it was possible to transfer the 
preliminary results to full scale grouted 
connections of Monopile support struc-
tures of OWTs. 

In 2009 several numerical investigations 
were performed to examine the influence 
of steel surface properties in the axial force 
capacity. Due to the fact that plain steel 
sections of grouted joints in OWT have 
only a small surface roughness, hybrid 
connections without additional mechanical 
interlock cannot transfer high axial forces. 
The installation of mechanical interlocks of 
weld beads or steel blocks on the opposite 
surfaces of the connection lead to increased 
axial forces resistances but also to high lo-
cal stress distributions at the notch roots. 
Local stress concentrations may reduce the 
fatigue resistance of the steel materials sig-
nificantly. The results show that the local 
cracks at the notch root of the mechanical 
interlocks and local crushing effects at the 
high stressed grout areas may occur. If op-
timised geometric dimensions for the me-
chanical interlocks are used, fatigue effects 
can be minimised. For grouted connections 
under mainly axial fatigue compression 
forces like Jackets, Tripiles, or Tripods 
local cracking effects do not influence the 
fatigue resistance significantly [2].
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Figure 2: Geometric dimensions of the large scale test specimen

In addition to local effects of mechanical 
interlocks the influence of hybrid con-
nections in the stability of the OWT were 
examined. Therefore nonlinear buckling 
analyses taking local and global imperfec-
tions like installation eccentricities, verti-
cal deflections, and local imperfections like 
dimples have been performed. The results 
were presented on the European Wind En-
ergy Conference in Sweden in 2009. The 
results show that global imperfections do 
no influence the stability of the substruc-
tures of OWT significantly [3]. Quite the 
contrary, global imperfections may lead to 
increased axial force capacities than per-
fect structures without installation deflec-
tions or eccentricities. 

Summary

Monopiles with grouted connections will 
be one type of the support structures in the 
upcoming German Offshore Wind Projects 
inside and outside the twelve miles nauti-
cal zone. In comparison to other parts of 
the Monopile the grouted connection is a 
quite expensive detail. A cost reduction of 
this construction detail becomes more and 
more decisive in the competition with oth-
er support structure solutions. The results 
of the BMU-research project ‘GROW’ will 
lead to an optimised and economic design of 

grouted connections in support structures of 
Offshore Wind Turbines fulfilling the high-
est demands in safety and reliability.
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Introduction

For increasing water depths and turbine 
sizes, one of the challenges that has to be 
overcome is the design of well-suited and 
cost-efficient support structures. To ensure 
that the support structures will withstand 
the high dynamic loadings caused by the 
offshore environment, several standards 
have been created. The standards offer ad-
vice for verifying design procedures such 
as the analysis of prototype structures or 
the structural monitoring of operation states 
during life-span. The IEC TS 61400-13 [1] 
deals with the measurement of mechanical 
loads. It states that design stage loads, pre-
dicted from aeroelastic models and codes, 
have their shortcomings and uncertainties. 
For that reason, they need to be validated 
by measurements. The IEC principally rec-
ommends the application of strain gauges 
for the determination of structural loads. 
In practice, structural loads from measure-
ments are only available at discrete cross-
sections of the support structure. As a 
consequence of comparing simulation and 
measurement results, the design-stage pre-

OGOWin – Optimization of Jacket Foundation Structures for 
Offshore Wind Turbines concerning Material Consumption, 

Assembling Order and Manufacturing Process

dictions are validated. This procedure does 
not lead to the knowledge of external act-
ing forces. External forces are of interest for 
load-monitoring purposes, evaluation of ex-
treme events or simply a better understand-
ing of its realistic values.

External dynamic forces of offshore wind 
turbines (OWT) can not be measured di-
rectly. For that reason, the Institute of Struc-
tural Analysis (ISD) deals with the inverse 
calculation of external loads acting at OWT. 

Project description

The collaborative research project OGOWin 
deals with the optimisation of a jacket foun-
dation structure concerning material con-
sumption, sequence of installations and 
manufacturing process. Its partners are 
Repower Systems AG, WeserWind GmbH, 
BAM, Europipe GmbH, three Fraunhofer 
Institutes (IWES, IFAM and LBF), Hochtief 
Construction AG and ISD. 

The structure investigated is a jacket sup-
port structure carrying a 5-megawatt wind 
turbine. It is erected as an onshore proto-

type. The support structure is developed for 
water depth of 30 m. Thus, the hub height of 
the wind turbine is located at 120 m. Within 
the research project, the ISD investigates 
the realistic dynamical behaviour of the 
structure by means of modal identification 
methods. This information is used to create 
an updated mathematical model. With the 
realistic numerical description of the struc-
ture and measured structural responses, the 
unknown external loads can be calculated 
inversely. Furthermore, the system identi-
fication results are used as a verification of 
the prototype design calculations.

The main challenge for solving the inverse 
problem is to calculate the inversion of the 
transfer matrix . Normally this is a so called 
ill posed problem. To overcome this, the 
chosen approach includes the usage of the 
stiffness and mass matrix of the updated 
model. The damping matrix will be assem-
bled by using measured damping ratios. In 
this way the transfer matrix has full rank 
and its inversion can be performed easily. 
Then, the accuracy of the calculated inverse 
loads depends on the quality of the updated 
model. This underlines the importance of 
the modal identification.

Fiugure 1: Schematic depiction of the inverse load calculation procedure.
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The objective of the modal identification is 
the determination of realistic eigenfrequen-
cies and eigenmodes. Therefore, accelera-
tion sensors located at several levels over 
the structure’s height came into operation. 
The investigations focus on the determina-
tion of global modes and local vibrations of 
crosses in the lower jacket bay. Reference 
[2] gives a detailed description of the devel-
oped measurement concept, used identifica-
tion methods and corresponding results re-
garding the local vibrations. Following, the 
main results concerning the global dynami-
cal behaviour of the structure are presented. 
Data sets over several months, containing 
10-min acceleration time series are record-
ed. The identification of global eigenmodes 
is based on predictions from finite element 
calculations. Therefore, the objective is to 
identify global modes that appear in lon-
gitudinal and lateral direction. In this case, 
longitudinal refers to rotor-axis direction 
and lateral to the perpendicular direction. 
Using a frequency domain decomposition 
technique [3], singular values of the power 
spectral density (PSD) matrix of the meas-
ured accelerations are calculated. As an 
example, the figure below depicts the first 
singular value of the response PSD. The 
data represent an operational state. The ro-
tational speed is set to ca. 9 rpm. The first 
and second global bending modes dominate 

the spectrum. The third bending modes as 
well as the local modes show peaks with 
less power density. In addition, several ro-
tor blade eigenfrequencies occur. Due to 
the operational state, rotor blade passing 
frequencies are clearly visible (1 P and 3 P). 
(see Fig. 2).

The identification procedure, shown here as 
an exemplar of one data series, can be eas-
ily extended to whole data sets containing 
the same operational state. Results of the 
modal identification are six global eigenfre-
quencies and three local eigenfrequencies. 
Furthermore, damping ratios are estimated. 
Both under standstill conditions and under 
operation states up to rated wind power [4].
The results attained are used for model up-
dating purposes. As previously mentioned, a 
preferably accurate description of the mass 
and stiffness characteristics is required for 
load calculations. For the updating process 
either poorly known parameters (e.g. inertia 
of the rotor-nacelle system or node stiffness) 
or parameters with high uncertainties (the 
soil stiffness parameter) are considered. The 
variations of the parameters are restricted to 
physically reasonable changes. By means 
of model updating, uncertain model param-
eters are improved. Using results from the 
local measurement, node stiffness at bay 5 
is adjusted. It is assumed that transferring 
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this adjustment to all jacket nodes gives 
an enhanced model of the whole structure. 
Concerning the soil stiffness modeling, the 
identification and updating process lead to 
higher stiffness values than originally as-
sumed by the geological survey report. 

Summary

The modal identification of the structure is 
presented. In addition, an updated mathe-
matical model is created. Currently, applica-
tions at numerical multi-degrees of freedom 
systems are performed. Aside from this, an 
advanced model of an OWT is developed. 
This model is able to predict the aero-hydro-
servo-elastic behaviour of the OWT. Thus, 
synthetic measurement data under known 
external loads are produced. These steps 
serve as a numerical verification of the de-
scribed inverse calculation. The application 
of the inverse calculation to the jacket sup-
port structure is planned in 2010.
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Support Structures on the Base of Measurements 
at the Offshore Test Site Alpha Ventus

Introduction

When planning an offshore wind turbine 
(OWT), one of the biggest cost factors 
compared with onshore WT is the support 
structure. In particular this aspect becomes 
more important due to the fact that thou-
sands of OWTs are planned in the North 
and Baltic Sea.

Since 2001 the research group GIGAWIND 
is engaged in optimizing support structures 
for planned offshore wind turbines. The 
research project GIGAWIND alpha ventus 
ties in with its parent projects GIGAWIND 
and GIGAWINDplus. The methods creat-
ed and validated on offshore structures like 
the FINO1 research platform will now be 
transferred to real OWT. Additionally, one 
focus is the integration of these methods 
into one modular simulation- and design 
package.

Project description

Priority objective of this project is the re-
duction of the cost for OWT support struc-
tures, which include towers, different types 
of substructures and foundations. This can 
be divided into the design on the one hand 
(material cost) and the optimization of the 
design process on the other hand (person-
nel cost). This is reflected in several work 
packages of the project:

Load modelling for waves and its 
correlation effects to wind
Load cases for non-breaking waves are 
validated and optimized especially for 
the offshore wind turbines at the test site 
alpha ventus (model of a tripod see Fig-
ure 1). Additionally, load cases for break-
ing waves are under research and shall be 
validated with measurements from experi-
ments and also real measurement data from 

Figure 1: Tripod alpha ventus: scaled model 1:40 in the wave flume (left), CFD-model for 
the simulation of breaking waves (middle) real structure with installed water pressure 
measurement belts (right)
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the test site. Therefore three water pressure 
measurement belts were installed during the 
manufacturing of the tripod (Figure 1). In 
the last months several experiments have 
been carried out in the large wave flume 
(GWK) on a 1:12 scaled model of a tripod.
 
Lifetime and fatigue analysis and joining 
techniques
The design and safety concepts so far used 
for proving material fatigue in load bearing 
structures of OWT are based on the relevant 
building codes. However, here, it is gener-
ally assumed that each structure is unique 
by itself and for this reason not only favo-
rable effects of mass production but also 
unfavorable geometrical imperfections in 
assembly remain without being considered. 
The aim of this project is therefore to give a 
quantitative explanation about production-
related effects and to incorporate them in 
the existing design procedures, so that in the 
end a design concept can be developed that 
is cost effective and adjustable according to 
specific requirements.

Grouted joints, by means of the support 
structures are connected with the piles, play 
a very important role in the design of OWT 
load-bearing structures. The plants in the 
test field are now offering the first oppor-
tunity to examine these jointing elements 
in real size. To this end, priority shall be 
given to the possible influences of the nodes 
on the overall stability of the plant and the 
behavior of grouted joints themselves. At 
the Leibniz Universität Hannover, a port-
able measuring box was development that 
measures the relative displacement of the 
connecting pipes to each other (Figure 2). 
The final results from it will be used as input 
to determine the nodes stiffness in the vibra-
tion analysis of the whole system. 

The construction and installation of the 
measuring box under the given boundary 
conditions in a OWT would pose a major 
challenge. In order to determine the relative 
distance between the pile and the casing 
pipe (sleeve) of the tripods, measurements 
need to be taken water depth of 20 meters. 
The measuring box is currently in produc-
tion and shall be mounted in the summer of 
2010.

Figure 2: Draft of measuring box: relative displacement
Corrosion protection for offshore steel structures

The use of steel structures in OWT that are 
exposed to negative influences of salty sea 
air and changing conditions in the splash 
zone necessitates adoption of special meas-
ures for corrosion protection. As part of the 
project, test coupons with different corro-
sion protection systems were exposed in 
2009, after the successful installation of 
WT in the alpha ventus test field.

The mineral-composed corrosion protec-
tion material developed should provide 
sufficient protection against corrosion by 
forming a layer of high performance mor-
tar around the steel tower in the splash 
zone. By adding various additives such as 
silica fume, fly ash, blastfurnace slag and 
others, the tightness of the mortar can be 
increased thereby contributing to an effec-
tive corrosion protection.

Parallel to the exposure, laboratory inves-
tigations were carried out to validate the 
field tests and to optimize the corrosion 
protection mortar. The aim is here to in-
crease the resistance against the influences 
on high seas.

Load monitoring systems
During the design process of an OWT sup-
port structure numerous assumptions are 
made, whose exact influence on the load 
bearing behaviour is unknown. To fully uti-
lize realistic loads of structural and single 
construction elements have to be measured 
and the remaining bearing strength has to 
be determined. Therefore applicable online 
monitoring systems have been qualified 

and additional structural health monitor-
ing systems are in testing and comparison. 
First results at onshore wind turbines show 
that a damage detection and localization is 
possible.

Scour protection and local scour 
monitoring
In this work packages, the effects of scour 
formation on structural integrity of the 
whole OWEC system shall be investigated. 
Assessment of scour formation should take 
the local long-term flow patterns from tide, 
wind and waves into consideration. Based 
on the reduced bond length of the piles, de-
cisions about the need for scour protection 
measures can be made.

The project "Innovative Scour Protection 
Chains" is a supplement to the tests con-
ducted in the wave flumes “Wellenkanal 
Schneiderberg” (WKS) and “Großer 
Wellenkanal” (GWK). As part of the re-
search activities, a scour protection system 
was developed and full scale tests were 
conducted using the two wave flumes and 
finally the practical feasibility are present-
ed. The scour protection chains make up 
for the disadvantages caused by rip-raps. 
By connecting the various protective ele-
ments as a chain and laying them on the 
seabed with spatial interlocking, erosion of 
the elements can be prevented (see Fig. 3)
         
In the first experiment, tests were conduct-
ed using the WKS in a scale of 1:40. The 
objectives are to find out first the proper 
geometries for the individual chain links 
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and second how the connected scour pro-
tection chains should be laid in order to 
create an effective scour protection system 
(Figure 3). Based on these findings, fur-
ther experiments shall be carried out in the 
coming years using the large wave flume 
(GWK) in a scale of 1:12.

Modelling of Load-Carrying Behaviour of 
Driven Offshore Piles
Loads of an OWT support structure are 
transferred into the ground. Most sub-
structures planned to be used in the Ger-
man North Sea are founded by piles. In 
this work package existing methods are 
further developed to be applicable for cy-
clic loadings. Moreover combined loads 
would also be investigated. Cyclic triaxial 
experiments applied to soil samples of the 
German North Sea are made to check cal-
culation methods for their usability.

Automated Validation of General Struc-
tural Model
The requirement for a precise numerical 
simulation and optimization of the design 
of a support structure for offshore wind 
turbines is a well-adjusted realistic gen-
eral structural model. In this work pack-
age numerical methods for an automated 
validation will be further developed and 
enhanced by new optimization algorithms. 
The automated validation process with 
measured data has been approved at on-
shore WT.

Figure 3: different geometries of the chain links (left), example for positioning the chain around the structure (right

Holistic Design Concept
With regard to the dimensioning and op-
timization of OWTs different interfaces 
were developed for the integration of the 
results of the research projects involved in 
GIGAWIND alpha ventus. They address 
different design aspects like hydrodynam-
ics, wave loads, lifetime analysis, corrosion 
protection, structural health monitoring, 
scour protection, soil modelling as well as 
model validation using measurement data 
from the alpha ventus wind farm. In ad-
dition to this a design package called De-
SiO (Design- and Simulation Framework 
for Offshore Wind Turbines) was created 
to control and to connect commercial and 
non-commercial simulation tools. With 
DeSiO it is possible to design and optimize 
OWTs e.g. jackets and tripods as erected at 
the test field alpha ventus.

In consideration of various environmental 
and dynamic loads as wind and wave the 
following software tools are integrated or 
will be linked in the simulation & design 
package DeSiO. Poseidon, a typical struc-
tural finite element (FE) code for offshore 
structures, is used as well as ANSYS or 
Abaqus. Adams is applied (MSC.Soft-
ware) for multibody simulations (MBS) 
especially for integrated analysis of the 
whole OWT. The wave kinematics and 
wave loads are generated by WaveLoads 
on the one hand and GIGAwAVe for the 
model breaking and non-breaking wave 

loads on the other hand. A fatigue analysis 
with local concepts for offshore structures 
can be carried out with FALCOS. A new 
concept to determine the loss of thickness 
due to corrosion and the mass increment by 
biological fouling, at any given time for a 
certain part of the support structure can be 
determined with OWEACorr. The founda-
tion of the OWT will be described by a tool 
for the simulation of driven offshore piles 
under cyclic loading. For an automated 
validation of structural numerical models 
the ValiTool can be used. In Figure 4 the 
analyzed jacket support structure of alpha 
ventus is depicted using different tools. 
The input data of the structure has been 
created in Poseidon and imported in De-
SiO. Then it was exported to WaveLoads 
and to the commercial software ANSYS 
for further investigations (see Fig. 4).

Summary

By working on the sub-projects presented, 
all institutes contributes their fair share to 
the general goal of the project GIGAWIND 
alpha ventus. Aspects concerning the design 
of support structures of OWT are load mod-
eling, life time analysis, corrosion and scour 
protection, soil modeling, load monitoring 
and validated general structural models. 
Some results of this aspects are handled in 
new or further developed software tools. 
This will contribute to a new economic di-
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Figure 4: The alpha ventus jacket structure visualized with the programs DeSiO, Poseidon, WaveLoads and ANSYS

mensioning concept for support structures 
of OWT. However, a simplified dimension-
ing will help attempting to fulfill the over-
arching goal of reducing the cost of OWT 
support structures. Moreover, the validation 
of the design methods, which can be done 
for the first time in the test fields under real 
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Introduction

A fully integrated servo-aero-hydro-elas-
todynamic simulation package is neces-
sary for the investigation of the structural 
behavior of offshore wind energy convert-
ers (OWECs). The work presented in this 
report focuses on the application of the 
developed simulation package to differ-
ent structures, namely fixed bottom struc-
tures on the one hand and floating types 
on the other hand. The work is based on 
a simulation package developed within the 
preceding ForWind Research Project IX 
(RP IX), for more details refer to the For-
Wind Annual Report 2008 [1]. In order to 
enable simulations of a floating OWEC in 
deep water, several extensions of the code 
have been implemented. The new scope 
of the program is described and some of 
the code-to-code verification results of the 
Offshore Code Comparison Collaboration 
(OC3) project are presented.

Project Description

The research work is aimed at improving 
the applicability of the dynamic link librar-
ies (DLLs), namely the wave load module 
(WaveLoads), the DLL of the wind load 
module AeroDyn [2] and the control of 
the turbine via FAST [3], within multibody 

Integral Simulation Techniques for Different Types 
of OWEC Support Structures and Their Verification 

within the Offshore Code Comparison Collaboration

simulations using MD Adams. Further-
more, simulation studies were performed 
with the finite element program Abaqus in 
order to verify the application of buoyancy 
and wave load prediction methods. The 
simulations were performed according to 
previous studies using the finite element 
preprocessor of WaveLoads for ANSYS. 
Here, a tripod support structure defined in 
the international code-to-code comparison 
project OC3 had been investigated as de-
scribed by Nichols et al. [4] and Vorpahl et 
al. [5]. The results in Abaqus are satisfying 
for monopile as well as for tripod struc-
tures. The results have shown a significant 
influence of the discretization at the water 
surface as well as the importance of a cor-
rect finite element representation of the 
central node, see [6].

The developments of the wave load mod-
ule (WaveLoads-DLL) regarding data in-
terchange as well as input data generation 
for multibody modeling using MD Adams 
have been continued in order to prepare 
them for branched or floating structures as 
depicted in Fig. 1. Referring to this, an ad-
ditional module representing the mooring 
system behavior has been developed.

The simulation package for OWECs re-
quires a combination of several commer-
cial tools and additional in house software. 
Therefore, and in order to have direct and 
user defined insight into the current status 
of the simulation process, a stand-alone 
visualization tool (MultView-DLL) has 
been realized. The open source modules 
FAST and AeroDyn enable the user to pre-
define the control and the structural proper-
ties of the wind turbine itself and the aero-
dynamic properties of its rotor. Additional 
model properties and simulation control 
data for the support structure and its hydro-
dynamic interaction have to be user defin-

able as well. Having all these modules at 
hand, the load case simulations defined in 
OC3 for a floating wind turbine of Hywind 
type could be performed and documented. 
Starting with modal analyses which gave 
results very similar to those of the other 
groups, the second step was to perform de-
cay tests of the non rotating wind turbine 
system. The results are depicted in Fig. 1. 
Deviations still have to be investigated in 
detail but may result from different hydro-
dynamic approaches, namely the applied 
Morison’s equation instead of a linear po-
tential flow approach including radiation 
and diffraction which is more suitable for 
compact floating structures like the OC3-
Hywind spar-buoy. In OC3 further load 
cases have been investigated. For more de-
tails see Jonkman et al. [7], where several 
load cases including irregular waves are 
described as well. Own investigation will 
now focus on these load cases especially 
for the analysis of structural fatigue in ran-
dom sea.

Further research will consider the follow-
ing aspects: (1) The application of the 
model within probabilistic safety assess-
ments and (2) the verification and optimi-
zation of load calculation algorithms. Both 
require an easily adaptable, powerful and 
also fast approach with direct access to 
model data and simulation results.

Summary

A fully integrated servo-aero-hydro-elas-
todynamic simulation package developed 
for OWECs has been applied for floating 
offshore wind turbines. All necessary proc-
esses of the turbine and its systems for rotor 
and generator control are included as sub-
modules. Within this package, simulations 
of different complexity can be performed: 
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Figure 1: Time series of a free decay test of the OC3-Hywind turbine (top left) obtained 
with Adams/WaveLoads (dashed blue) and by other OC3 partners (gray). Decay in surge 
(top right), heave (bottom left) and pitch motion (bottom right).

Finite element simulations aiming on the 
investigation of the elastodynamic behavior 
of the substructure exposed to wave loading 
can be performed. For more holistic simu-
lations that are able to include the control 
of the turbine and its aerodynamic behav-
ior as well as the hydrodynamic response 
of a floating turbine, the hydrodynamic sub 
modules have been extended. The simula-
tion of the whole OWEC is performed in 
a multibody set-up. Therein, an aeroelastic 
wind turbine model is mounted on offshore 

support structure models of fixed bottom 
or floating type. First verification analyses 
show reasonable results. Turbulent wind 
fields interacting with the rotor can be ap-
plied and wave loads from different sea 
states acting on the support structure can be 
included. Standard generator and pitch con-
trol models are available. This fully coupled 
multibody simulation can easily be set up 
for new designs of OWEC structures of-
fering the opportunity to perform efficient 
optimization and sensitivity studies. 
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Research on and Testing of a “Layered Bubble Curtain 
(LBC)” at the Offshore Test Site Alpha Ventus

Introduction

The measurement results for hydro sound 
levels as a consequence of pile driving ac-
tivities in the North Sea and the Baltic Sea 
show that the recommended values defined 
by the German Umweltbundesamt (UBA) 
are seriously exceeded. In this regard it 
is necessarily required to provide effec-
tive sound reduction techniques to reduce 
impact on the marine environment as far 
as possible. However, the application of 
noise mitigation measures has to be cost-
effective and must not considerably disturb 
the installation procedures of the offshore 
wind turbines’ foundations.

Project description

Within the framework of the workshops ar-
ranged by the Stiftung Offshore-Windener-
gie it was decided December 2009 to test a 
little bubble curtain close to the foundation. 
The conceptional design and construction 
of the little bubble curtain was developed 
by MENCK GmbH in cooperation with 
the company Hydrotechnik Lübeck. By the 

end of May 2009 the required hydro sound 
measurements during the installation of a 
wind turbine of type Multibrid were carried 
out under the coordination of ISD together 
with the research partners DEWI and itap. 
During the measurements the bubble curtain 
was mounted at two of the three pilesleeves 
of AV09.

The name “bubble curtain” comprises the 
whole concept, consisting of the tube sys-
tem and the actual bubble curtain, which 
arises, when the air bubbles escape from 
the nozzles of the tubes at status “filled with 
compressed air”. As the bubbles raise to the 
surface they form a dense curtain. Gas bub-
bles change the acoustic properties of the 
medium water. Due to the different imped-
ances of the two media acoustical scattering 
occurs at the border between both. 

In addition to this effect the single bubble 
reacts like an acoustical resonator when in-
sonified by an incident wave close to its res-
onance frequency. The result is a very high 
ratio of effective acoustical to geometrical 
cross section at resonance. The theoretical 
background is, for example, described in 

Figure 1: Lower preinstalled system mounted at the pilesleeve 
of AV09, Eemshaven, the Netherlands (Source: Hydrotechnik 
Lübeck GmbH)

Figure 1: Lower preinstalled system mounted at the pilesleeve 
of AV09, Eemshaven, the Netherlands (Source: Hydrotechnik 
Lübeck GmbH)
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[1] and [2]. In total the two effects lead to a 
significant reduction of the hydro sound im-
mission “behind” the bubble and at greater 
distances, which is the main reason for the 
efficiency of the system. 

Since the bubble curtain is no rigid con-
struction, but consists of freely moving 
air bubbles, it is vulnerable to sea currents 
and waves. A further challenge poses the 
immediate vicinity to the piling activities. 
To minimize disturbance of the instal-
lation procedure the bubble curtain was 
split up in an upper (Figure 2) and a lower 
part (Figure 1). The lower parts could be 
mounted at two pilesleeves in Eemshaven.
When the AV09 was being installed off-
shore the lower bubble curtains could be 
put into operation as planned. The upper 
mobile systems, however, couldn’t be ap-
plied due to bad weather and the risk to 
delay the installation process. 

Summary

The project focuses on the following topics:

– Conceptional design and development 
of a layered bubble curtain close to the 
foundation of an offshore wind turbine 
of type Multibrid.

– Testing and subsequent evaluation, re-
garding the operation of the layered 
bubble curtain under offshore conditions 
and under the requirements of pile driv-
ing procedures, which are necessary to 
install the foundations.

– Assessment of the tide’s influence on the 
noise mitigation efficiency regarding the 
bubble curtain in progress.

– Investigation of the influence of the ram 
energy level on the noise mitigation effi-
ciency for the bubble curtain in progress.

First project results
The measurement positions were placed 
at distance 500 m on the western and the 
eastern side of AV09. Here two situations 
are compared: the bubble curtain switched 
off at 21:20 p.m. and the bubble curtain 
in progress at 21:25 h. During both situ-
ations the direction of the flow was west. 
Table 1 shows the results for the evaluated 
hydro sound immissions. The numbers in 
brackets show the values for the sound ex-
posure levels. Furthermore, based on the 
measured levels for Lpeak and SEL, the 

expected sound pressure levels at distance 
750 m were calculated. The results show a 
good reduction effect on the western side 
while at the same time on the eastern side 
this effect is negligible. The reason is, that 
a bubble curtain very close to the pile is 
vulnerable to current and waves, so that the 
good reduction effect can only be unfolded 
at one side. (see Table 1). 

At present the detailed results are being 
evaluated, which will be published soon. 
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Figure 3: Emersion of bubble curtain at water surface at turn of tide, north-east pile of  
AV09, May 31th, 2009 (Source: ISD)

Table 1: Measured and calculated sound pressure levels (Source: ISD)
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Introduction

As they reach maximum values, the hy-
dro sound levels arising from pile driving 
activities, which are in most of the cases 
inevitable to fix wind turbines’ foundations 
to the sea bed, are in the focus of concern. 

Due to possible stress reactions, impacts 
on hearing capabilities, communication 
and orientation, which can occur, sound 
levels from pile driving represent a serious 
danger to marine life. Without focusing on 
a certain marine species, the range of im-
pact around a source of acoustic noise can 
be divided into different zones. Far from 
the source the acoustic noise will be below 
the hearing threshold. Within the zone of 
audibility there is an area, where animals 
might react to unusual conditions in dif-
ferent ways. Closer to the source of sound 
important acoustic information might be 
masked. Moving nearer to the origin of a 
very loud source, animals might even get 
injured.

Research on and Testing of Noise Mitigation Measures 
During the Construction of the FINO3-Monopile

The acoustic noise caused by pile driv-
ing has an impulsive character. The single 
event “one stroke” reaches values, which 
seriously exceed the maximum tolerable 
sound pressure levels defined by the Ger-
man Umweltbundesamt (UBA). 

At present there are no noise mitigation 
concepts which are at the same time physi-
cally effective, easy to handle during the 
offshore activities on the construction 
site and where the process will be cost-
efficient. For this reason the research in 
the field of hydro sound reduction is a vital 
challenge, and providing that the develop-
ment of offshore wind energy is compat-
ible with the protection of nature.

Project description

End of July 2008 while the monopile of 
the FINO3-platform was driven into the 
sea bed, a large bubble curtain could be 
tested. The company Hydrotechnik Lübeck 
GmbH was in charge of construction, in-
stallation and operation of the system. A 
plastic tube provided with nozzles, was 
put onto the seabed around the pile driving 

center in form of a hexagon. The distance 
to the monopile averaged 70 m, the circum-
ferential length about 440 m. The bubble 
curtain arises, when the air bubbles escape 
from the nozzles of the tube at status “filled 
with compressed air”. As the bubbles raise 
to the surface they form a dense curtain. 
Due to the decreasing hydrostatic pressure 
the bubbles grow while ascending, with the 
result that both density and thickness of the 
curtain increase towards the ocean surface. 
Nine compressors were necessary to real-
ize a maximum pressure flow of 0,39 m3/
min/m.

The water depth at location FINO3 is about 
23 m, the average drift velocity at ocean 
surface due to wind and waves is about v = 
1,2 m/s, the average drift velocity is circa v 
= 0,5 m/s. The monopile’s diameter varies 
between 2,70 and 4,70 meters.

Due to the high level of energy (800 kNm), 
which was necessary to drive the mono-
pile 30 m deep into the ground, the bubble 
curtain had to stay in operation under full 
pressure and volume flow during the entire 
time of pile driving activity. It wasn’t pos-
sible to switch it off, because the region 

Figure 1. Bubble Curtain in progress at construction site of FINO3. 
(Source: FuE Zentrum FH Kiel)
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round FINO3 is in immediate vicinity to 
the marine protective area “Sylter Außen-
riff” characterized as “nursery ground” 
for harbour porpoises. It was problematic 
because of the fact, that pile driving took 
place at breeding season. From the biologi-
cal point of view there was a serious con-
cern, that the calves might get separated 
from their mothers and die. 

The reference measurements for “bubble 
curtain at off-state” couldn’t be carried out, 
until pile driving activities had been termi-
nated. In order to avoid danger for marine 
mammals, the ram energy was reduced 
down to 20 percent of the maximum en-
ergy within the framework of the adjacent 
test program. 

The goal of the ecological accompanying 
research study aimed at identifying the 
spatial and temporal changes in harbour 
porpoise presence due to pile driving under 
application of the noise mitigation concept 
bubble curtain. Another goal was to verify 
to what extend the application of seal scar-
ers and pingers was successful.

tion to provide a maximum pressure flow. 
After the monopile had reached its maxi-
mum depth, ram energy was reduced down 
to 20 percent (160 kNm), while the pres-
sure flow stayed at maximum (step 2). For 
the next test level (step 3) the pressure flow 
was reduced down to 55 % of its maximum 
value to investigate the influence of the 
pressure flow on the efficiency of the bub-
ble curtain. During this state only five com-
pressors had to work. Finally (step 4) the 
bubble curtain was switched off to realize 
a reference measurement. The number of 
ram strokes at the test steps 2 to 4 counted 
around 20. ogress at 

Step Ram energy  
kNm

Compressed air flow 
m3/min/m 

Number of ram stroke

1 ~ 800 ~ 0,39 >> 20

2 ~ 160 ~ 0,39 » 20

3 ~ 160 ~ 0,22 » 20

4 ~ 160 ~ 0 » 20

MP 2 MP 3 MP 5

Distance to ram center in m 245 910 ~ 15.000

Direction South East-South-East East-South-East

Table 1: Distances and directions of measurement points.

Table 2: Test programme.
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Summary of project results

During both pile driving and the subse-
quent test program hydro sound levels 
were measured in different distances to the 
monopile. Table 1 gives an overview. As 
the measurements at points 1 and 4 were 
incorrect, only the ones with exploitable 
results are shown (MP2, MP3 and MP5).

Table 2 shows all steps of the test program. 
At each step hydro sound measurements 
were realized. Step 1 represents the state 
of pile driving at full energy level, where 
all nine compressors had to stay in opera-
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Introduction

The operating license of Offshore Wind 
Energy Converters (OWEC) normally 
requires the installation and operation of 
sonar transponder units in order to achieve 
an acoustical warning of submarines. The 
exact specification of this kind of warn-
ing was worked out by the German navy 
in cooperation with the Research Branch 
of Waterborne Sound and Geophysics 
(FWG). The installed sonar transponders 
are intended to be activated by a signal that 
is transmitted from a submarine in emer-
gency. In this case the transponder is sup-
posed to transmit a recognition signal that 
allows the submarine a localization of the 
OWEC where the transponder is mounted 
at. In order to assure a sufficient signal-to-
noise ratio and a certain operation distance 
even under bad conditions the source level 
of the sonar transponder has to be high 
enough. On the other hand the influence 
on marine mammals has to be taken into 
account both in the far and the near field. 
The project aims at the development of a 
technically matured transponder system, 

Investigation of Sonar Transponders for 
Offshore Wind Energy Converters and Technical Integration 

to an Overall Concept

the simulation and testing of the system 
under realistic conditions as well as the 
ecological evaluation with respect to ma-
rine mammals. To this end a cooperation 
project between the Institute of Structural 
Analysis (ISD), the company THALES 
Instruments GmbH, the Institute of Techni-
cal and Applied Physics (itap), the German 
Wind Energy Institute (DEWI) as well as 
the company BioConsult SH GmbH & Co. 
KG was established.

Project Description

Motivation
The large number of OWECs that are in-
tended to be installed in the North Sea and 
Baltic Sea implicates an increasing risk for 
collisions between submarine vehicles and 
wind energy converters. Contrary to their 
application in vessels above the water sur-
face, navigation systems based on radar 
techniques are not suitable for submarines 
due to the high damping of electromagnet-
ic waves in water. On that account the nav-
igation of submarine vehicles is performed 
on the basis of acoustic systems known as 
SONAR (Sound Navigation and Ranging). 
These systems can be operated in passive 
or active mode. In active mode the sonar 
system is emitting an acoustic signal that 
is reflected by an obstacle so that a delayed 
signal can be received. When operated in 
passive mode, the sonar system is an ex-
clusively receiving device using sound that 
is generated by an obstacle or target itself. 
In case of a damaged sonar system neither 
active nor passive navigation can be per-
formed. In this case the on-board underwa-
ter telephone is used to emit an acoustical 
emergency signal that triggers the sonar 
transponder system at the OWEC to gener-
ate a response signal. For a reliable detec-
tion of the response signal at a distance of 

2sm from the OWEC the transponder has 
to provide a source level of at least 200dB 
re 1µPa @1m [2]. 

Within the present project two sonar trans-
ponder systems are to be tested at the test 
field alpha ventus. One system is already 
installed at the OWEC AV10 which is at 
the southwest vertex of alpha ventus. A 
second system will be installed at AV12 in 
the southeast of alpha ventus in June 2010. 
Both systems will be used for comprehen-
sive measurements of the time- and range-
dependent sound pressure level in 2010.   
 
Transponder design
The transponder system consists of a high 
power electro-acoustical transducer and a 
control unit. The transducer is a bidirec-
tional device that can be driven both in the 
receiving and the emitting direction. Dur-
ing stand-by mode the transducer remains 
in the receiving state until an emergency 
signal arrives. The control unit is able to 
detect the emergency signal and distin-
guish it from background noise. If so the 
control unit switches to active mode and 
uses the transducer in the transmitting state 
to produce a long-range warning signal. 
Due to the high electrical input power that 
is induced into the transponder and the 
high surface velocity of the membrane, 
cooling and avoiding cavitation turned out 
to be the most demanding tasks regarding 
the design of the transducer. 

Hydro-acoustic simulation
As underwater sound propagation de-
pends on several influences like seabed 
properties, sound speed profile and swell 
[3], extensive investigations are carried 
out to achieve a range-dependent estima-
tion of detectability of the response signal 
generated by the transponder. In terms of 
an acoustical modelling it has been found 
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useful to pursuit a hybrid simulation model 
that separates source characteristics from 
propagation issues.
             
The characterization of the source is done 
using the boundary element method. The 
propagation losses are calculated by a 
three-dimensional ray tracing procedure. 
The main advantage of this hybrid ap-
proach is the capability to take a direc-
tivity pattern of the source into account. 
As shown in figure 1 the geometry of the 
transducer and its mounting at the Tripod 
causes a significant relationship between 
the direction of beam and the radiated 
sound intensity. The horizontal directivity 
has an angle of radiation of about 90°. In 
the vertical plane an even smaller angle of 
about 20° can be observed. If the acous-
tic interference between multiple sonar 
transponders is considered, a directional 
radiation of the single transponder has a 
significant influence even on the far field. 
As figure 2 shows there is a difference of 
about 15 dB between directional and non-
directional radiation regarding the sound 
pressure level in a distance of 2sm from 
the outline of alpha ventus.    

Ecological Evaluation
Another important goal of the project is 
the evaluation of the impact of the emit-
ted sound on marine mammals. Today it 
is well known that underwater sound can 
strongly affect marine animals to the point 
of serious injuries and death. Thus it is an 
essential task to reduce underwater noise 
caused by artificial sources. To this end 
different strategies are applied to minimize 
the adverse effect both in testing and op-
erating phase. One of these strategies is 
the implementation of a soft start function 
that allows a continuous increase of the 
transponder signal after its activation. The 
maximum sound pressure level is obtained 
about 40s after activation to provide a time 
slot for animals to escape.          

Figure 1: left: Mounting of the transducer at a Multibrid Tripod (AV10) (Source: Thales 
Instruments); right: Horizontal and vertical directivity pattern of sound intensity

Figure 2: Qualitative comparison of directional (left) and non-directional (right) radiation 
in the scenario that one transponder is mounted at each vertex of alpha ventus
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Introduction

This research project is funded by the Fed-
eral Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU). 
During pile driving activities, which are in 
most cases necessary to fix offshore foun-
dations to the seabed, the maximum toler-
able sound pressure levels defined by the 
German Umweltbundesamt (UBA) are still 
exceeded [1]. Therefore temporary or even 
permanent hearing damages of marine 
mammals cannot be excluded. At present 
there don’t exist noise mitigation concepts 
which unfold at the same time an optimum 
physical and cost-saving effect. Therefore 
research in the field of hydro sound reduc-
tion is still an vital challenge and essential 
to ensure that the development of the off-
shore wind energy is compatible with the 
protection of marine mammals. 

SCHALL 3 – Design, Testing, Realisation and Verification 
of Low Noise Construction Methods and Noise Reduction 

Techniques During Construction of Offshore Wind Turbines

Project description

Noise mitigation concepts can be divided 
into two main groups: primary and second-
ary concepts [2]. Primary concepts influ-
ence or reduce the noise at the source. Ex-
amples are the optimisation of the impulse 
pile driving parameters by lengthening the 
stroke and the use of vibration pile driv-
ers. Secondary concepts reduce the noise 
during sound propagation. Here acoustic 
enclosures and air bubble curtains are the 
main research objectives. Furthermore the 
sound propagation through the seabed is to 
be quantified.

Noise reduction techniques will be inves-
tigated by the use of computational simu-
lations and small scale experimental tests 
in the laboratory. In order to validate the 
numerical models experiments will be ar-
ranged on a near shore test pile in the Bal-
tic Sea. The final testing of the sound re-
duction methods will be performed in large 
scale offshore tests in cooperation with 
industrial partners.

Summary 

The Institute of Technical and Applied 
Physics (itap) has made a pilot test with 
a coating made of air-filled fire hoses in a 
water tank (Figure 1). It is indicated, that 
such a construction is generally qualified to 
mitigate pile driving noise, so that sound 
levels can be reduced significantly. Further 
explorations of this noise mitigation meth-
od imperatively require measurements in 
deeper water (North or Baltic Sea).

Within another project of itap “Measure-
ment and forecast of hydro sound im-
missions in the vicinity of a vertical shaft 
machine” it could be shown that drilling 
methods lead to much lower sound pressure 
levels in the environment of the acoustic 
source compared to those induced by pile 
driving activities. The difference is signifi-
cant, reaching values up to 40 dB or more.

The Institute of Structural Analysis has per-
formed calculations based on a numerical 
model to simulate the interaction of piling 
hammer, pile and the adjacent soil during 
pile driving procedure. Based on that cou-
pled model the optimisation of the impulse 
pile driving parameters can be performed. 
Main focus is on the identification of suit-
able middle sections (green section in 
Figure 3) with ideal stiffness and damping 
parameters leading to an extension of the 
pulse duration and thus to reduced noise 
emissions.

The German Wind Energy Institute (DEWI) 
has installed a permanent hydro sound 
recording system at the sea bottom near 
FINO1 (first Research Platform in the North 
and the Baltic Sea). This allows permanent 
measurements indicating changes in noise 
levels and impacts over long periods. 

SUPPORT STRUCTURES, Hanover
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Figure 1. Fire hoses in a water tank Figure 2. Theoretical noise mitigation of foam and air in water.
(Source: itap)    

Figure 3. Pile driving during construction of FINO3 (Source: http://www.fino3.
de), numerical model for the optimisation of the impulse pile driving parameters 
(Source: ISD)
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Introduction

This feasibility study – made in the sector of 
the Trans-European Networks (TEN) – in-
vestigated the possibility to install a North 
Sea interconnection between Denmark, 
Germany, Netherlands, Belgium, France 
and Great Britain with gas insulated trans-
mission lines (GIL). This was done in view 
of the challenge of a future electricity sup-
ply with large amounts of renewable ener-
gies and of a liberalised energy market. The 
project‘s main motivation was the rising 
need for international electricity exchange 
capacities largely due to liberalised energy 
markets and the planned installation of off-
shore wind farms. For both it is needed to 
extend the high voltage grid (380 kV). In 
contrast to standard cables, GIL allow for 
the transmission of high power flows over 
long distances. Reactive power compensa-
tion is only necessary for extremely long 
line lengths. For the installation it is possi-
ble to use well known pipeline technologies. 
Furthermore, the integration of a North Sea 
GIL system into the existing onshore grid is 
easily achievable. No AC-DC inverters are 
necessary.

Project Description

The study was divided into three parts:
1. Analysis of the general conditions for the 

project, including technical and legal as-
pects.

2. Technical aspects of implementation of 
GIL (pipeline, electric connections, sub-
stations, connection points, etc.)

3. Analysis of ecological and economic as-
pects of the project.

The positive experience gained from on-
shore usage of gas-insulated transmission 
lines (GIL), but also the need for research 
with respect to offshore demands, became 
the motivating factor behind the initiation of 
this study. As a result, the Power Transmis-
sion Pipeline (PTP®) is presented, which is 
understood as a complete system for trans-

porting electricity. It includes collecting 
platforms for the feed-in of electricity from 
different offshore wind farms as well as 
the laying technology for the transmission 
system via tunnel construction. GIL is the 
component of PTP® used for the transport 
of electricity. PTP® is the offshore enhance-
ment of GIL.

Traditionally, GIL technology is implement-
ed in substations or in power plants, mainly 
in highest voltages ranging from 400 to 800 
kV. This allows the transmission of 2,000 
to 4,000 MVA of electric power per three-
phase system. A pressurized insulating gas 
mixture serves as a reliable insulation. GIL 
are single phase, co-axially constructed 
pipes made of aluminium implemented for 
high-voltage alternating currents. In all, GIL 
consists of two pipes: an inner conductor 

Feasibility Study of a GIL Technology 
Based North Sea Network of 

European Offshore Wind Farms for Electricity Trading

Figure 1: Example PTP® with Collection Points Close to Chosen Wind Farm Clusters and 
Possible Unbundling Onshore (Data: BSH 2008)

WIND ENERGY INTEGRATION, Oldenburg
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pipe is centred within a grounded enclosure 
pipe. The conductor pipe is held by a few 
insulators made of epoxy resin. The space 
in-between is filled with an insulating gas 
mixture consisting of nitrogen (N 2) and 
sulfur hexafluoride (SF6). The enclosure 
pipes employed are spirally-welded pipes 
made of aluminium alloy. Extruded pipes 
are used as conductor pipes. They consist of 
99,9% “electrically” pure aluminium. The 
conductor and enclosed pipes are welded 
together on site, thus forming a gas-tight 
casing for which a refilling of gas is unnec-
essary throughout the entire lifespan. The 
transmission route is divided into segments 
of approximately one kilometre in length in 
order to limit the release of gas in the event 
of damage. Necessary changes in direction 
are accomplished with angle elements up to 
90°. Gas-insulated pipes are typically laid 
in a tunnel, above ground or directly bur-
ied in the ground when coated with a cor-
rosion protection layer. Inside substations, 
GIL are also installed on steel structures 
above ground. For offshore applications, the 
PTP® has been developed with two possi-
ble tunnel laying techniques. 

Electro-technical properties of GIL are 
characterized by very low transmission 
losses due to the large cross-section of the 
conductor. The solidly grounded enclosure 
pipe results in low magnetic fields outside 

the GIL. External electric fields do not ex-
ist. Operational and personnel safety is high 
due to the solid metal enclosure. As a pas-
sive system GIL needs little maintenance 
over its very long lifespan.

A typical transmission route consists of the 
collecting platforms to which the electric-
ity generated from offshore wind farms 
with a total of 400 to 500 MW are fed by 
sea cables. PTP® conduit systems deliver 
the electricity ashore. An on-land substation 
connects PTP® with the transmission grid. 
From there, the energy can be transported by 
means of alternate or direct current to load 
centres. The core feature of the concept is a 
tunnel with GIL inside linking the offshore 
collecting platform with the grid on land. In 
ecologically and use-sensitive areas, e.g. the 
protected areas of the Wadden Sea, a dou-
ble tunnel is bored underneath the sea floor. 
Outside sensitive areas the tunnel can be 
laid using the immersed tunnel method.

Forwind/Oldenburg University contributed 
– apart from project co-ordination – by in-
vestigations of
– the impact of a PTP®-implementation on 

other local activities like shipping, fish-
ery, mariculture, military, tourism, and 
the national park “Wadden Sea“,

– the approval procedure and correspond-
ing regulations,

– the public acceptance of a PTP® and the 
communication of risks,

– the carbon dioxide budget within a life 
cycle assessment of PTP®,

– legal aspects of a PTP® financing 
scheme.

Selected results from these works are:
– The physical impact of the PTP® on oth-

er North Sea activities – especially in the 
Wadden Sea area – is small compared to 
other solutions mainly due to the tunnel 
concept. The large transmission capacity 
of GIL furthermore reduces the number 
of necessary pipelines.

– The approval procedure is currently 
characterised by a rather uncertain juris-
diction. In an experts meeting the main 
issues for spatial planning have been 
summarised. Principally, the highly 
concentrated tunnel system shows ad-
vantages for future approval procedures.

– The marine environment is not influenced 
by the operating PTP®. The Wadden Sea 
is optimally protected by the concept of a 
drilled tunnel. However, the laying of the 
pipeline in the main part of the North Sea 
causes adverse effects comparable with 
the excavation of shipping channels. 

– The uncertainty in long-range planning 
of transport capacities and the subse-
quent risk of „stranded investvents“ is a 
major bottleneck for any PTP® financ-
ing scheme. Construction and operat-
ing costs have to refinanced by network 
charges.

Summary

Gas insulated transmission lines (GIL) 
provide high transmission capacities with 
fewer losses than other cable technologies. 
These properties correspond with the needs 
in transmitting offshore generated power 
to the mainland. Therefore, GIL can be an 
option for a North Sea wind farm network 
that supports grid balancing in and between 
neighbouring countries and therewith, the 
European electricity trade. The technical, 
economical, and ecological feasibility of 
such GIL-based networks is studied in the 
EU-funded GIL project.Figure 2: Cross section of a drilled tunnel with two GIL systems (1: concrete tunnel with 

4m ø, 2: GIL, 3: sea floor, 4: isolators, 5: ocean).
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Introduction

With their growing share in the overall 
electrical energy generation the influence 
of wind turbines on the electrical power 
system´s behaviour increases. Furthermore 
the rapid change in the power industry 
through its deregulation has lead to the in-
crease in power flow transits from low-cost 
generation areas to the load centres, which 
consequently resulted in an increase in the 
demand for power exchange over long dis-
tances between different parts of the power 
system. The emergence of growing un-
predictable renewable energy sources like 
large-scale wind farms, which are typically 
located near the weak parts of the system 
far away from load centres, has further 
increased the strain on the transmission 
system and stretched it closer to its capac-
ity limits. In order to face these growing 
challenges on the power system and ensure 
a stable and reliable power supply, trans-
mission systems must be modernized to 
increase their:

–  capacity and efficiency to meet the rising 
demand and 

–  flexibility to better react to more diverse 
generation and load patterns. 

Moreover, due to the restrictions imposed 
on the growth of transmission facilities 
owing to environmental, economic and 
regulatory concerns, alternative technolo-
gies, like HVDC and FACTS, that enable 
the better utilization of the existing trans-
mission systems and hence increase the 
reliability and security of the power system 
will more and more become essential com-
ponents in future transmission systems.

Grid Integration of Offshore Wind Energy Parks (VIII)

Project Description

Until 2008 the research activities of re-
search project VIII were divided into two 
main sub-topics:

– Wind energy generators and their 
 control
– Grid connection and operation of 
 offshore wind energy parks

Work on these two research topics started 
in 2005 and was continued and further 
extended in dependence on the progress 
and appearance of new challenges. The 
research activities on the above-mentioned 
topics were completed in 2008. The final 
results are described in the PhD thesises 
“Modellierung von Windenergieanlagen 
für die Netzberechung” [1] and "Modeling 
of Advanced Power Transmission System 
Controllers" [2].

At the End of 2008 the activities have 
changed and the work is now focussed on 
the comparison of the transmission behav-
iour of different transmission systems and 
on the description of the European electric-
ity markets and their physical influence on 
the grid.

Summary

Transmission behaviour of HVAC and 
HVDC transmission systems

The future erection of huge wind farms in 
the North Sea and the still continuing in-
creasement of onshore wind power capaci-
ties will demand the strengthening of the 
existing 380-kV onshore grid in Germany 
to ensure an accurate power transmission 
capability. In addition to upgrading exist-
ing overhead lines (OHL) in order to reach 
a higher ampacity the erection of new 
transmission lines will probably become 
necessary. Because of strong resistances 

against new OHL within the population, it 
will be necessary to realize parts of the grid 
enhancement by underground lines like 
AC- or DC-cables or gas insulated lines 
(GIL). Due to a lack of experience with 
such transmission systems in the voltage 
level of 380 kV, further research is neces-
sary to get an accurate knowledge base for 
future projects.

The work is mainly focused on the electri-
cal, mechanical and thermal behaviour of 
underground lines. Additionally electric 
and magnetic fields for different transmis-
sion systems should be calculated in order 
to develop possible avoidance strategies 
(e.g. special laying design). Finally the 
economic efficiency of underground cables 
is investigated and compared to conven-
tional overhead lines. 

Electricity market simulation

The interconnected transmission network 
of the former UCTE as it exists today 
was designed to match local load demand 
with nearby large power plants. Therefore 
power was transferred over relatively short 
distances, whereas long-distance power 
exchange between neighboured networks 
was reserved to emergencies and predeter-
mined amounts of power.

The liberalized electricity market and the 
increase of wind power had lead to long 
distance power exchange between low-
tariff generation areas and high-tariff load 
centres. This consequently resulted in more 
volatile and increased power flows between 
different parts of the grid and therefore the 
appearance of bottle-necks. The erection of 
huge wind farms in the North Sea far away 
from the load centres in the south will even 
intensify this problem especially due to the 
fluctuating power feed of the wind farms.
Against this background a comprehensive 
model of the UCTE network and European 
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Figure 1: Different transmission systems

Figure 2: Grid model of the european interconnected transmission grid

electricity market is required to analyse 
the future situation and to identify existing 
and future bottle-necks. First steps in this 
direction have already been made in 2007 
with the development of a first simplified 
model of the European electricity market 
and the UCTE grid.

The main problem of finding an accurate 
model was the lack of proper databases for 
power plants, wind power infeed, spatial 
distributed load patterns and the electric 
power grid.   Utilities are often unwilling 
to publish details about their own system 
because of sensitivity and security reasons. 
As an answer the so called Regions Model 
was developed to match accurate power 
flow calculation with only a minimum of 
information. Due to the fact, that the ex-
act location of power plants and loads in 
the grid is unknown, generation and con-
sumption are calculated for several larger 
regions, which are interconnected by trans-
mission lines. This leads to a simplified 
grid model with a considerable reduced 
number of nodes. For Germany the post-
code-areas as regions have proven to be 

practicable, whereas in other European 
countries political areas are used. 

Since 2007 this model was consequently 
extended and the result is a software tool 
which enables to calculate electricity tar-
iffs, power plant schedules, international 
electricity interchanges and the resulting 
physical power flows. Actual the calcula-
tion is limited to the 380-kV-grid, so that 
the project is now focused on the descrip-
tion of the 220-kV-network, which has also 
a great influence on power flows. 

Another research topic is the accurate cal-
culation of the international electricity ex-
changes. This challenge leads to a very dif-
ficult optimization problem, which is now 
solved by an evolutionary algorithm. The 
optimization problem has to be solved for 
each hour of the considered period (e.g. one 
year has 8760 hours), which can lead to a 
very long calculation time. Therefore the 
developed algorithm has to be enhancened, 
in order to make it faster, without affecting 
its reliability. 
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Introduction
 
Many technical applications, like machine 
tools, production plants, or drive trains 
in wind energy plants, comprise masses 
coupled elastically by couplings, gears, 
etc. and as such constitute a multi-mass 
system capable of vibration. An exam-
ple of such a system is shown in Fig. 1. 
 
Dynamic load variations or changes in ac-
celeration can lead to peaks in the torque 
and jerk of the shaft. This will in turn result 
in damage to the gears, bearings, shafts, 
etc. Especially in wind energy plants 
damage due to dynamic load changes 
represent a serious problem [1], [2], [3].  

 
Project Description
 
For this reason, new control concepts 
for such elastically coupled multi-mass 
systems are researched at the Institute 
for Electrical Drives, Power Electron-
ics and Devices (IALB). A new underly-
ing direct control of the shaft torque and 
the jerk is being investigated. This direct 
control of the critical variables will allow 
the prevention of damages without limit-
ing the performance of the outer cascade 
control loop, thereby allowing the maxi-
mum possible dynamic to be achieved. 
In wind energy plants this also results in 
a smoother electrical power output [4].  
A drive train model based on a two mass 
system has been developed. For this sys-
tem a state controller with prefilter is cal-
culated in order to control the shaft jerk. 
The shaft torque is controlled by an outer 

Dynamic Load Change Stress Minimizing Control 
of Elastically Coupled Multi-Mass Systems

Figure 1: Wind power plant as an example of an elastically coupled multi-mass system

control loop, overlaying the state control 
loop. When choosing the limitation of the 
maximum shaft torque, in addition to other 
considerations like the maximum mechani-
cal stress of the shaft or the maximum al-
lowable acceleration of the load, the limita-
tion of the available drive torque has to be 
taken into consideration. In this project a 
dynamic limitation of the control error of 
the shaft torque is used. Fig. 2 shows the 
control cascade with an adaptive limitation. 
In a first stage, simulations were carried out, 
using a Matlab/ Simulink model of the drive 
train together with the new cascade control-
ler. The simulations showed good results 
for both reference value and reliably distur-
bance steps and limit shaft torque and jerk. 
In order to further test the functionality 
of the control set-up, measurements were 
performed, using a multi-mass test stand 

comprising two motors, mechanically 
coupled by an elastic shaft. As a test set-
up, an exemplary speed controller was 
implemented, and the new control struc-
ture was used as inner loop of the speed 
controller cascade. The measurements 
also showed good results and confirmed 
the simulations. Especially comparison 
with measurements taken of the exem-
plary speed control without the new shaft 
torque and jerk controllers as inner loop 
showed real improvements regarding 
peaks and oscillations in the shaft torque 
while still using the maximum available 
drive torque. Thus, the direct control of 
the critical variables permits to avoid dam-
age to the system without restricting the 
dynamic of the outer control loops and to 
utilize the plant to the best possible extent. 
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Figure 2: Shaft torque controller cascade with adaptive limitation 

Summary
 
The aim of the project is to develop a con-
trol strategy to reduce the stress and wear 
in elastically coupled multi-mass sys-
tems, like the drive train of wind turbines, 
caused by peaks in the torsion torque of the 
shaft. The control strategy developed so 
far solves this problem by a direct control 
and limitation of the jerk and the shaft tor-
sion torque, causing a reduction of critical 
loads. Simulations showed good results, 
which were confirmed by measurements 
taken on a two-mass test stand. The pro-
posed control strategy is a good and use-
ful approach to reduce the occurring loads 
and prevent damages in wind energy plants 
as well as other elastically coupled multi-
mass systems, making this control concept 
useful to many industrial applications. 
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Introduction

At present, it is tried to increase the output 
of wind power plants (WPP) by ever larger 
plants. However, in recent years it has be-
come evident that the plant size cannot be 
further increased without problems. An-
other possibility of increasing the output 
of a WPP without increasing the plants or 
setting up more plants is an improvement 
of the efficiency of the plants. 

Up to now, only the generator efficiency 
was taken into consideration because fre-
quency converters in nominal operation 
reach an efficiency of more than 90%. As 
shown in Fig. 1, the wind velocity at sea 
(measured on the research platform FINO-
1 [1]) is less than 12m/s for more than six 
months of the year. However, WPPs supply 
their nominal power only from wind ve-
locities of 12 – 14 m/s onwards. Therefore, 
the plants work mainly in partial load op-
eration, that is to say with an initial power 
far below the nominal level. The manufac-
turers of converters, however, supply only 
little information about the efficiency of 
frequency converters in these partial load 
cases.

Efficiency-Optimized Converters for 
Wind Power Plants in Partial Load Operation

Figure 1: Wind velocity distribution

Project Description

To investigate the efficiency of power con-
verters in wind power plants a simulation 
model of the generator converter system 
has been developed at the Institute for 
Electrical Drives, Power Electronics and 
Devices (IALB) by means of which the 
behaviour of a WPP in different operating 
states can be analyzed. In this connection, 
work is focussed on the efficiency of the 
converters which was hardly considered 
until now. The simulation of the behav-
iour of the wind power plant was carried 
out by using Matlab SIMULINK whereby 
the whole control was implemented using 
the SIMULINK toolbox. To investigate 
the occurring losses in the inverter the 
PLECS toolbox was used. In the PLECS 
sub-circuit the whole electrical system was 
implemented. Fig. 2 shows a section of 
the PLECS sub-circuit with the simulated 
grid, the grid-sided and the rotor-sided in-
verter as well as the doubly-fed induction 
generator (DFIG). Thanks to the modular 
design of the simulation model it is easily 
possible to investigate the influence of the 

most different converter topologies as well 
as modulation methods on the efficiency of 
the converter. Therefore, only the inverter 
elements must be replaced. 

Using the described simulation model dif-
ferent multi-level converter topologies 
were implemented and compared with the 
two-level converter, which is at present 
frequently used in WPP converters. On this 
basis it can be investigated whether the use 
of multi-level converters in WPPs is eco-
nomically interesting due to their higher 
efficiency.

The implemented multi-level topologies 
are the diode clamped three-level converter 
and the transistor clamped three-level con-
verter [2]. Due to the great number of nec-
essary power electronic devices multi-level 
topologies with more than three levels are 
not economically feasible in a wind power 
plant and are therefore not considered. 
For this reason also interesting, but very 
complicated topologies like the cross con-
nected intermediate level voltage source 
inverter [3] are not analysed.
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Simulation results showed that there is an 
increase in the overall efficiency of the 
whole converter of more than 1% by the 
use of three-level converters even under 
full load operation. Under part load op-
eration and under operation with a rotor 
slip near to zero the overall efficiency de-
creases rapidly. With a slip near to 0 the 
efficiency of a two level inverter reaches 
values as low as 27%. In comparison both 
investigated three level topologies lead 
to efficiencies of 56% under these worst 
operation conditions. Hereby both three-
level converters had almost the same ef-
ficiency under all loads. However, the 
efficiency of the three level converter 
with clamping diodes was always slightly 
higher than the efficiency of the inverter 
with clamping transistor.

In addition, it is investigated to what ex-
tent the efficiency in partial load operation 
can be influenced by a modularization of 
the inverter. If, for example, in each phase 
three half bridges with always one third of 
the nominal current are switched in paral-
lel, in full operation one third of the total 
current must flow through each half bridge. 
At lower wind velocities the power to be 
fed in decreases so that it is sufficient to 
lead the current only across two or even 
only one parallel half bridge. As a result, 
there are no switching or conduction loss-
es of the other converters and the overall 
losses at low power decreases. First simu-
lations showed a decrease of the losses in 
an inverter of 20% at part load operation. 
At the rated power and with all parallel 
IGBTs conducting the losses in the inverter 
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Figure 2: Simulation model (section) – grid, converter and generator

are only 4% higher compared with an in-
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Summary

The simulation results showed that the use 
of three level converters increases the ef-
ficiency of an inverter in all working con-
ditions, especially in part load operation. 
A further increase in efficiency in partial 
load operation is possible by modulariza-
tion, even though the efficiency at full 
load is slightly lower compared to the non 
modularized solution. The expense for a 
modularization is thereby relatively small 
in most cases.
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Introduction

Due to the continuously increasing power 
produced by wind power plants, medium 
voltage converters become more and more 
important when feeding wind power into 
the grid. The reasons are lower currents 
compared to low voltage converters, ac-
companied by lower current heat losses, 
reduced weight and volumina.

In order to keep switching losses low, 
medium voltage converters require, dif-
ferently from low voltage converters, a 
considerably lower switching frequency of 
just a few 100 Hz, causing however higher 
distortions in the output voltage and the 
output current. 

With respect to voltage quality [1], the 
regulations of the utility companies limit 
the current and voltage components for a 
multiple of the line frequency; the inter-
harmonic frequency components are lim-
ited even more. These regulations can be 
fulfilled by using offline optimized pulse 
patterns for power converter control and 
line side filters with medium voltage con-
verters. How to optimize the design of line 
side filters is described as follows. Fig. 1 
gives an overview of the overall system.

Project Description

The most commonly used filter variant is 
an LC filter combined with a transformer. 
The transformer can be modelled via its 
leakage inductance Lσ. Their combina-
tion is an LCL filter, as shown in Fig. 2. 

Optimized Design of Line Side Filters for 
Wind Power Plants with Medium Voltage Converters

When designing this filter, it has to be 
considered that the leakage inductance of 
the transformer cannot be chosen arbitrar-
ily small. Nevertheless, it can be increased 
artificially.

Figure 1: Connection of a wind power plant to a medium voltage grid via medium voltage 
converter and integrated line side filter

Filter
~
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Figure 2: LCL filter consisting of LC filter and transformator, with a grid model

One feature of the filter is its resonance 
frequency. At frequencies above this level, 
the filter has a dampening effect. Below 
this level and especially at fundamental 
frequency, the filter should have a neutral 
effect. In order to avoid an excitation of the 
resonance frequency caused by harmonics, 
the most optimal frequency between the 
harmonics of the converter output voltage 
should be chosen. Neglecting the resistive 
component, the resonance frequency can 
be calculated as follows:

The inductance LN equals the line induct-
ance which varies with the state of the grid. 

For a resonance frequency which is largely 
independent of the state of the grid, the fil-
ter inductance Lf  must be low compared to 
the leakage inductance of the transformer 
Lσ, which should be clearly above line in-
ductance. 

For symmetry reasons, there are no even 
harmonics when using optimized pulse 
patterns. In addition, third-order harmonics 
and their multiples cancel each other out. 
Fifth- and seventh-order harmonics are 
thus the lowest ones in the output voltage 
spectrum of the converter.

In order to meet the requirements accord-
ing to [1] as far as voltage quality is con-
cerned, the applied filter should already 
dampen the 5th harmonic. For this reason, 
the resonance frequency must be below 
this frequency. To achieve such a low 
resonance frequency, a high capacitance is 
needed. High capacitances, however, have 
the disadvantage that they require a high 
reactive current over the whole operating 
range to be supplied by the converter. As 
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a consequence, the converter current and 
thus its performance are often poorly uti-
lized. So besides size, weight and costs for 
the filter components, one essential crite-
rion for filter design is its effect on the di-
mensioning of the converter. 

When optimizing a filter for the whole 
operating range, some conditions have to 
be kept. The limits concerning the com-
ponents of the single harmonics have to 
be maintained for the complete operat-
ing range. The resonance frequency must 
be limited to a specified range, which can 
be determined via the line side no load 
(minimum frequency) and the short circuit 
(maximum frequency), thus being inde-
pendent of the grid connected. In addition, 
the fundamental gain of the filter should 
not vary too much depending on the load, 
because this would have to be compensated 
via the modulation degree of the converter, 
reducing on the other hand the utilization 
of the converter. 

Within the scope of this project, a program 
was developed to optimize the filter param-
eters for an optimum utilization of the con-

verter. The focus was laid on this criterion, 
because the marginal costs for the convert-
er are much higher than those for the filter. 
For a three-level inverter with a perform-
ance of 3 MW at 3.3 kV, Lf is 2.7 mH, Cf is 
680 µF and Lσ is 1.6 mH. As an example, 
Fig. 3 shows the simulation results for op-
eration at nominal load and connection to a 
grid with 60 MVA short circuit power.

During the project, alternative filter ar-
rangements with more than three compo-
nents were  examined, too. In this context, 
the simple variant shown in Fig. 2 proved 
to be the most promising one.

In the end, alternative methods for inverter 
control were examined in detail. In this 
connection, it turned out that complete 
classes of methods have to be excluded for 
line side control considering the low per-
missible values for interharmonics, namely 
those which generate important interhar-
monics because of their functional princi-
ple. In this case, filter and converter would 
have to be dimensioned considerably larg-
er, in order to meet all requirements. 

References

[1] BDEW Bundesverband der 
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(Hrsg.): Erzeugungsanlagen am 
Mittelspannungsnetz – Richtlinie 
für Anschluss und Parallelbetrieb 
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Figure 3: Simulation results at nominal operation 
using a line filter and optimized pulse patterns

Summary

The filter design described in this pa-
per proves that the regulations of utility 
companies [1] can be fulfilled by using 
optimized filters in conjunction with off-
fline optimized pulse patterns and that 
the converter can be utilized optimally at 
the same time. This optimization includes 
some system-specific data, e.g. the voltage 
harmonics of the converter and the short 
circuit power of the grid. When using a fil-
ter which is not specifically designed for 
the system, the regulations according to [1] 
may not be fulfilled; in the worst case, the 
resonance frequency of the filter can be ex-
cited. For this reason, an individual filter 
design, as explained here, is indispensible 
for medium voltage converters used as line 
power converter in wind power plants.
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Introduction

Today’s power generation output is adapted 
to match the current consumption. The de-
clining availability of fossil energy sources 
and the environmental damage caused by 
their use give reason for an increasing uti-
lization of renewable energy resources. 
However, their availability depends on 
environmental conditions whose predic-
tions are burdened by uncertainty. There-
fore balancing power is required to over-
come (potentially unforeseen) fluctuations 
in the power production. The reasons 
mentioned above argue against the use of 
conventional power plants for this purpose.  
Instead of adapting the power supply it 
is also possible to control the power de-
mand. This strategy has two benefits: By 
shifting power consumption load peaks can 
be dampened effectively and the overall 
load fluctuation can be reduced. Moreover, 
fluctuations in the power generation of re-
newable energy resources may be levelled 
by an intelligent scheduling of such load 
shifts.

As household appliances account for a 
large fraction of the overall load and are a 
major contributor to the daily load peaks, 
we will investigate how a pool of house-
hold appliances can be used for load shift-
ing. This demand side management meas-
ure is researched as part of the FEN project 
funded by the Ministry of Research and 
Culture of Lower Saxony.

Household Appliances for 
Demand Side Management Purposes

Project Description

In contrast to many competing projects [1, 
2, 4] the approach at hand is not limited to 
appliances with thermal storages (like for 
example refrigerators). It allows direct 
scheduling of basically any type of (house-
hold) appliance as long as it is possible to 
control its operation. 

Appliances without implicit or explicit en-
ergy storage are more difficult to integrate 
in load shift techniques as their activity and 
consumption highly depends on unpredict-
able user interaction [3]. For example, the 
exact timeframe of a dishwasher’s activity 
cannot be forecasted reliably. Therefore 
any possible load shift techniques affecting 
these appliances have to be applicable un-
der uncertain conditions as well. 

Other aspects to be considered are long-
term changes in appliance usage. The most 
intuitive examples are air conditioners 
whose activities are subject to environmen-
tal influences. 

The proposed strategy is based on three 
principles to overcome these problems:

• Abstraction
• Pooling
• Adaptation

The basic idea is to aggregate appliances 
with similar load shift properties in a pool, 
a so called virtual device, which allows 
certain statistic assertions. Instead of con-
trolling each appliance individually load 
shift measures are only scheduled for vir-
tual devices.

First of all we need a strategy that is inde-
pendent of concrete appliance’s character-
istics. This is achieved by abstraction: No 
explicit knowledge of appliance types and 
specific properties is incorporated into the 
pooling process. Instead every appliance 
is represented only by its load shift prop-
erties. These are expressed in a list of so 
called “signals” (see Fig. 1).

Signals may be sent to an appliance con-
troller at any time enforcing a change in the 
appliance’s consumption. The controller 
is responsible for computing forecasts of 
the expected mean consumption changes. 
Because the changes in consumption may 
vary over time, distinct forecasts need to be 
available for each time step of an arbitrary 
chosen scheduling horizon. In the follow-
ing, a scheduling horizon of a 15 minute 
resolution and a duration of 24 hours (i.e. 
96 time steps in total) has been selected.

As outlined in [5] a refrigerator’s con-
sumption can be shifted, for example by 

Figure 1: Load shift forecasts of a refrigerator (left) and a dishwasher (right) over a 
scheduling horizon of 24 hours at a resolution of 15 minutes. The four columns show the 
forecast time series for 6 hours.The height of each bar represents the expected change 
relative to the average consumption.

WIND ENERGY INTEGRATION, Oldenburg
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an ahead of time cooling process. This load 
shift effect can be represented by a signal. 
Based on the average daily consumption 
the controller of the refrigerator is able 
to calculate forecasts of the expected con-
sumption change for each of the 96 time 
steps. A premature cooling process will 
result in a short above average consump-
tion peak followed by a period of below 
average consumption. User interactions 
are only of minor effect to the refrigera-
tor’s operation. Therefore the expected 
consumption changes are similar for each 
time-step of the scheduling horizon. 

This level of abstraction also allows the 
specification of load shifts of other appli-
ance types like for example dishwashers. 
A dishwasher equipped with a start time 
delay function may be started externally 
at any time in the given delay timeframe. 
Based on the user-defined delay time frame 

the dishwasher’s controller may also up-
date its load shift forecasts for each time 
step of the scheduling horizon. The fore-
casts for a force-start signal are shown in 
figure 1. Note how the effect of the signal 
varies over the scheduling horizon.

As mentioned before, the forecasts de-
scribe the expected consumption change. 
Because of stochastic influences the actual 
load shift differs by a certain variance.  In 
this approach we postulate a statistical 
independence for the operation of appli-
ances. Thus all load shift forecasts are 
uncorrelated. To reduce the effect of sto-
chastic influences we pool multiple appli-
ances into a so called virtual device. As the 
effects of each signal are pair-wise uncor-
related, the ratio between the standard de-
viation of the overall consumption change 
and its expected value will decrease with 
every additional appliance in the pool. The 

pooling algorithm ensures that only ap-
pliances with similar load shift behavior 
are assigned to the same pool. Using this 
mechanism it is possible to pool appliances 
into virtual devices whose aggregated load 
shift forecasts meet a given constraint on 
the standard deviation.

Long-term changes as for example caused 
by seasonal effects need to be incorporated 
into this demand side management strategy 
as well. This goal is achieved by adapta-
tion. The pooling algorithm permanently 
optimizes the virtual devices by reorgan-
izing and reassigning their associated ap-
pliances. The adaptation and pooling proc-
esses are based on the load shift forecasts 
computed by each appliance controller. As 
these forecasts are computed and updated 
permanently, long-term changes in the 
appliance usage or consumption are propa-
gated upwards into the pooling process.

Summary

A possible schedule for virtual devices is 
outlined in figure 2. On the left, consump-
tion of 20 virtual devices each consisting 
of 500 refrigerators and 20 virtual devices 
consisting of 500 dishwashers is shown in 
the uncontrolled case. On the right load 
shift signals have been scheduled for each 
virtual device modulating their appliances 
consumption so that total consumption 
approximates the given target (see Fig. 2). 

The outlined strategy has the potential to 
integrate different appliance types into 
demand side management measures. A 
pooling algorithm is used to group appli-
ances into virtual devices which can fulfill 
given stochastic constraints. Due to perma-
nent reorganization of virtual devices, the 
system is able to adapt itself to long-term 
changes.

Demand side management measures like 
these react nearly instantly available and 
may be used for example to compensate er-
rors in wind power prognosis, or to smooth 
the startup-ramps from conventional power 
plants generating balancing power.
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Description

The Continuing Studies Programme Wind 
Energy Technology and Management 
is a unique offer for academics to obtain 
part-time professional education. The pro-
gramme is a co-operative project between 
ForWind and WAB as well as the City of 
Oldenburg. Numerous partners from re-
search, education, industry, and businesses 
in the field of wind energy supported the 
realization of this part-time study pro-
gramme as further academic education for 
professionals.

In August 2006 the first course of the Wind 
Energy Technology and Management pro-
gramme was started, and currently, the 
fourth course is running. From the begin-
ning the dmand was greater than the avail-
able places, so the best students could be 
picked for four fully booked courses with 
24 students. 

The project is sponsored by EWE AG, 
GE Energy, Bremer Landesbank, and wpd 
think energy GmbH & Co. KG. 

Continuing Studies Program 
Wind Energy Technology and Management

Approach/Activities

In Germany the wind energy sector em-
ployes more than 90,000 and in the EU 
the number of employed persons will 
more than double from 154,000 in 2007 
to almost 330,000 in 2020 (Wind at Work, 
EWEA 2009). Onshore wind energy will 

continue to be the largest contributor to 
employment throughout that period. The 
rapid growth of the wind energy sector is 
making an important area for future devel-
opment and offering manufacturers, sub-
contractors and service providers signifi-
cant potential. At the same time, the wind 
energy business is suffering from a lack of 

QUALIFICATION
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highly skilled workers, a situation which 
is aggravated by the almost absence of 
structured and specialized academic train-
ing programmes, such as what has been the 
norm in the automobile and aircraft indus-
try. The demand for experts with existing 
qualifications is increasing and requires 
immediate qualification possibilities. The 
successful development of the wind energy 
sector will be closely tied to the availabil-
ity of training and professional certification 
opportunities.

The Continuing Studies Programme Wind 
Energy Technology and Management sup-
ports the development of the wind energy 
sector. The programme is directed equally 
to recent graduates, specialists and execu-
tive staff in the wind energy sector, as well 
as those who wish to enter this field. It of-
fers comprehensive systematic understand-
ing of wind energy projects from scientific 
grounds to technical, legal and economic 
realization, as well as skills in planning and 
project management.

The programme is especially designed to fit 
the requirements of professionals. It com-
prises self organised studying of reading 
materials, a two-day seminar once every 
month, and ongoing project work in teams. 
For the duration of the programme an 
eight-person team will work on a complex 
wind energy project. During this process, 
questions will arise relevant to all areas of 
the curriculum and the students will collec-
tively resolve these issues and the project’s 
tasks. The total duration of the programme 
is eleven months. It is intended to be short 
but intensive. A certificate is issued by the 
University of Oldenburg upon successfully 
passing the examinations. 

The realization of wind energy projects 
requires that experts from a variety of dif-
ferently disciplines work closely together. 
This innovative program of study is one 
that addresses exactly such challenges, and 
furthermore fosters a ‘know-how-transfer’ 
from acknowledged experts in the field and 
from Universities thus, providing current 
and expert knowledge. The programme’s 
study materials were developed in partner-
ship with the University of Oldenburg’s 

continuing education experts and satisfy 
the highest of academic didactic standards.
The interdisciplinary approach is the cen-
tral theme that the programme is based 
upon and is represented by the following 
special characteristics.

– Group Dynamics: The selection pro-
cess will be based on bringing together 
a group of people with a wide range of 
experience in their academic and occu-
pational areas, be it technological, plan-
ning management, administration, or 
law. Thus the student group’s line-up will 
reflect the heterogeneous profiles, which 
are often found within a company’s typi-
cal departmental work group.

– Project Work: For the duration of the 
programme an eight-person team will 
work on a complex wind energy project. 
During this process, questions will arise 
relevant to all areas of the curriculum 
and the students will collectively resolve 
these issues and the project’s tasks. The 
project work will provide a lot of practi-
cal experience, which will reflect what 
the students have been learning, and 
‘real’ experience in communication with 
experts from a variety of disciplines.

– Teaching Material: The course pack is 
divided into basic and speciality areas. 
The basic areas are obligatory for all 
of the students and within the special-
ized areas half will be examinable. The 
students will choose the speciality areas 
they wish to be examined upon, there-
fore allowing them to focus on their per-
sonal areas of expertise and interest.

The programme is constantly evaluated 
and further developed in close consultation 
with a wind energy advisory board that 
meets annually to advise the programme’s 
administrators, and to arrange the co-
instructors and guest speakers. The co-
instructors are experienced representatives 
from the industry who present concrete 
aspects and expert knowledge, which com-
plements the main instructors’ teachings. 
The administrators of the Continuing Stud-
ies Programme in Wind Energy Technol-
ogy and Management will ensure the ex-

istence of an active network of alumni in 
order for the students to continue to stay 
in touch with each other, to assist them in 
the exchange of professional information, 
and to support further continuing education 
possibilities. The third alumni event takes 
place in February 12, 2010 and activities 
will be continued.

Results

With four fully booked course cycles and 
a rising demand for the fith class the pro-
gramme has reached a strong position in 
the market. Feedback from participants 
and external experts is highly positive. Un-
til now only one out of 94 participants did 
not finish the programme.

ForWind together with WAB organised 
workshops that inform about qualification 
needs and possibilities in the wind energy 
sector. These workshops were presented 
in 2009 at the `Job- und Bildungsmesse 
Erneuerbare Energien 2009´ at Gelsen-
kirchen, Germany, and will be on the wind-
career job fair at the international trade fair 
HUSUM WindEnergy 2010 in Husum, 
Germany.  

Next Steps

Start of the fifth class: September 2010 
(application deadline June 1st, 2010).

Further information, its contents 
and partners are provided at:

www.windstudium.de
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Description

ForWind Academy provides comprehen-
sive qualification on academic level for the 
wind energy sector. The academy organizes 
seminars on up-to-date topics relvant to the 
on- and offshore wind energy industry, re-
search, and management. The target groups 
are specialists, innovators, as well as man-
agers, decision makers and multipliers. 
Also, those who wish to enter this field find 
seminars that suit their need for introduction 
into wind energy. 

ForWind Academy was launched in June 
2008 and is a joint project of ForWind and 
Overspeed GmbH & Co. KG. This co-op-
eration opens up a great possibility to pro-
vide high-quality seminars and advanced 
training on topics ranging from research to 
application in the industry. It is possible to 
provide expert speakers from outside uni-
versity. Lecturers are not merely selected 
by expertise, but also by their experience 
as teachers. Dr. Hans-Peter (Igor) Waldl 
himself, general manager of Overspeed 
GmbH & Co. KG, is drawing on over 20 
years of branch expertise as a consultant 
and instructor. 

Seminars on offer take up current issues oc-
curring in the real-world field and present 
interfaces to scientific knowledge gained 
from research and development. ForWind 
Academy is particularly adept when it 
comes to a high level of expertise and the 
didactic preparation of seminar topics and 
content. ForWind Academy follows high 
ambitions and is not merely offering intro-
ductory knowledge in a rush. Seminars con-
veye fundamental knowledge, give insight 

ForWind Academy: 
A Unique Offer for Academics to Obtain Qualification

into research questions, and offer practice 
oriented know-how. ForWind Academy of-
fers a platform for intensive advanced edu-
cation and the exchange of ideas among ex-
perts in the field. It brings together people 
with different occupations, experience, and 
careers. And apart from advanced training, 
the ForWind Academy also aims at creat-

ing and supporting an alumni network of 
experts. The ForWind Academy was pre-
ceded by the successfull co-operation be-
tween ForWind and Overspeed GmbH & 
Co. KG as part of the unique and innova-
tive programme: “Continuing Studies Pro-
gramme in Wind Energy Technology and 
Management".

QUALIFICATION



85Annual Report 2009

Approach/Activities

In the last 25 years the wind energy branch 
has been experiencing rapid growth, mak-
ing it an important area for future devel-
opment. In Germany the wind energy 
sector employes about 90,000 persons. At 
the same time, the wind energy business 
is suffering from a lack of highly skilled 
personnel, and this situation is aggravated 
by the absence of structured and special-
ized academic training programmes as 
well as courses. However, currently the 
demands on experts has reached a level 
which make special wind energy qualifi-
cations essential. Predictions tell that by 
2020, the number of employed persons in 
wind energy could rise to 330,000 in the 
EU. In the coming 20 years offshore wind 
energy employment will exceed onshore 
employment. According to the study Wind 
at Work (EWEA 2009) more than 375,000 
people will be employed in the European 
wind energy sector in 2030 – 160,000 on-
shore and 215,000 offshore. In the light of 
this rapid growth  the successful develop-
ment of the on- and (!) offshore wind en-
ergy sector will be increasingly tied to the 
availability of highly skilled professionals. 
the ForWind Academy offers, along with 
training and professional certification 
opportunities. 

Against the background of this trend, the 
partners ForWind and Overspeed GmbH 
& Co. KG began to offer select a range of 
topics in the areas of management, planing 
and engineering which are highly relevant 
to the wind energy sector on- and offshore. 
Ten one- and two-day seminars took place 
in 2009 with almost 100 participants. Fur-
thermore, the first in-house events and spe-
cific one-on-one coachings were booked. 
With an increased marketing and a co-op-
eration with the “Haus der Technik” (Es-
sen), the number of participants is expected 
to rise considerably in 2010. 

Results

ForWind Academy will continue to es-
tablish its reputation as the place to look 
when it comes to high-level seminars deal-
ing with current topics on an academic 
level and with a high degree of relevance 
to practical applications. In doing so, For-
Wind Academy extends the range of serv-
ices provided by ForWind and contributes 
to its own name as a place for knowledge 
transfer also functioning as a communica-
tion exchange among experts. 

In 2010 ForWind Academy will be placing 
emphasis on the compilation and extension 
of in-house seminars for companies. 

Furthermore, the ForWind Academy will 
develop the co-operation with “Haus der 
Techniker e.V.” in Essen, Germany, for se-
lected topics to reach specific target groups 
as mechanical engineers, for instance.

Next Steps

Execution of the current seminars on offer 
for 2010/2011. 

The ForWind Academy is integrated in 
workshops which inform about qualifica-
tion needs and career possibilities in the 
wind energy sector. In 2010 ForWind in 
co-operation with the network Wind Ener-
gy Agency Bremerhaven/Bremen (WAB) 
will organise the workshop "Qualification 
in the Wind Energy Industry". The work-
shop takes place at HUSUM WindEnergy 
2010 at the windcareer job fair in Husum, 
Germany.

Further information about the 
ForWind Academy, the seminars on 
offer and its partners are provided at:

www.forwind-academy.com

The following seminare were offered in 
2009 (date and title):

March 11, 2009: 
“Logistik in der Windenergie”

March 24-25, 2009: 
“Windenergieprojekte: 
Projektplanung, Projektprüfung, Lei-
stungskurven

April 29, 2009: 
“Rotor und Aerodynamik”

May 5, 2009: 
“Geschäftsführerhaftung in der 
Windenergie-Industrie”

May 6, 2009, 
and November 18, 2009: 
“Technische Betriebsführung von 
Windparks: Überwachung, Vorsorge, 
Qualitätsmanagement”

May 13, 2009: 
“Optimale Versicherungslösungen, 
Schadensverhütung und  
-management für Windenergie-
anlagen”

September 1-2: 2099, 
“Offshore-Windenergie: Design und 
Installation von Tragstrukturen in der 
Nordsee”

November 10, 2009: 
“Flächensicherung für Windenergie-
projekte – Wie bindet man Akteure 
erfolgreich in den Planungsprozess 
ein?”

December 8-9, 2009: 
“Netzanschlusseigenschaften von 
Windenergieanlagen nach dem EEG 
2009 – Systemdienstleistungsbonus 
und Anforderungen an die Anlagen-
technik”
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Description

POWER cluster is a EU-Interreg IVB Pro-
gramm partnership to promote offshore 
wind energy involving eighteen partners 
from six European countries in the north 
sea region, and builds on an already well 
developed transnational co-operation net-
work – POWER (Pushing Offshore Wind 
Energy Regions) which was funded from 
2004-2007 by the European Union through 
the Interreg North Sea Programme.

POWER cluster runs until June 2011. The 
network draws on a huge range of exper-
tise, not only in offshore wind energy, but 
also in oil and gas and other related ma-
rine sectors. POWER cluster will develop 
comprehensive approaches to meet the 
strategic challenges of the offshore wind 
energy industry in the North Sea region. 

There are four work packages:
1. Social Acceptance –communicating the 

benefits of offshore wind energy to the 
public

2. Business – Creating a business platform 
to foster offshore wind energy develop-
ment in the North Sea region

3. Skills – Adapting and preparing the 
North Sea region workforce to the 
needs of offshore wind energy

4. Cluster Development – Developing 
an offshore wind power cluster in the 
North Sea region

Partner in the EU-Project POWER Cluster 

Approach / Activities

The activities of the University of Olden-
burg are coordinated by COAST - Center 
for Environment and Sustainabiltiy Re-
search. ForWind, as one of three cooper-
ating working groups, is active in work 
package 3 “skills”, and contributes to the 
development of BSc and MSc modules as 
well as life long learning programmes in 
Offshore Wind Energy.

 

German partners:

Bremerhavener Gesellschaft für 
Investitionsförderung und 
Stadtentwicklung mbH

Senator für Umwelt, Bau, Verkehr 
und Europa des Landes Bremen
Hochschule Bremerhaven/fk-wind
Gewerbliche Lehranstalten 
Bremerhaven

Universität Oldenburg
Stiftung Offshore-Windenergie, Varel

Landesregierung Schleswig-Holstein, 
Ministerium für Wissenschaft,
Wirtschaft und Verkehr, Kiel

Wirtschaftsakademie 
Schleswig-Holstein, Husum

International partners:

Suffolk County Council, Ipswich (UK)

East of England Energy Group, 
Great Yarmouth (UK)

Northumberland College, 
Ashington(UK)

South Denmark European Office, 
Esbjerg (DK)

Offshore Center Denmark, 
Esbjerg (DK)

Aalborg University, Aalborg (DK)

TU Delft, Faculty LR, 
Section Wind Energy,Delft (NL)

Greater Stavanger, 
Economic Development, 
Stavanger (NO)

Chalmers University of Technology, 
Göteborg (SE)

Municipality of Öckerö, Öckerö (SE)http://www.power-cluster.net

QUALIFICATION
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ForWind – Center for Wind Energy 
Research of the Universities Oldenburg, 
Hanover, and Bremen
Corinna Wermke, Christoph Schwarzer, 
Nicole Kadagies

Partners: Windenergie-Agentur
Bremerhaven/Bremen e.V. (WAB), Bre-
merhavener Gesellschaft für 
Investitionsförderung und Stadtent-
wicklung mbH (BIS), Stadt Oldenburg, 
Wirtschaftsförderung, 
RIS Energie-Kompetenzzentrum 
zukünftige Energieversorgung e.V., 
Oldenburger Energiecluster (OLEC) e.v., 
Hochschule Bremerhaven

Funded by: Metropolregion Bremen-
Oldenburg e.V.

Sponosored by: aleo solar Deutschland 
GmbH, ENERCON GmbH, EnviTec Biogas 
AG, EWE AG

Under the patronage of the Federal 
Ministry for the Environment, Nature 
Conservation and Nuclear Safety, Mini-
ster Dr. Norbert Röttgen, and the German 
Renewable Energy Federation (BEE), 
President Dietmar Schütz.

Job and Education Fair “zukunftsenergien nordwest 2010”

Introduction

The renewable energies are an important 
economic factor in Germany and especially 
in the northwest region. Their potenial for 
growth is high, and  they offer an important 
perspective for future employment. With 
more than 250.000 employees nationwide 
the renewable energies are a jobmotor al-
ready.  Experts predict the creation of more 
than 112.000 new jobs untill 2020. But at 
the same time, the renewable energies sec-
tor, like many others, suffers from a lack of 
specialists. And there still are not enough 
adequately specialized training and further 
education programmes. The renewable 
energies are a relatively new occupational 
area and always in competition to other 
well established career paths in traditional 
industries. Therefore the first job and edu-
cation fair in the Northwest, the „zukunft-
senergien nordwest“, is an important event 
for the region demonstrating its rich job 
and qualification opportunities in renew-
able energies. 

Project Description

The job and education fair for renew-
able energies and energy efficiency, the 
„zukunftsenergien nordwest“, is opening 
its gates for the first time on the 5th and 
6th of March 2010.Numerous companies 
involved in renewable energies and energy 
efficiency will be presenting themselves 
in the Oldenburg EWE ARENA. The ex-
pected more than 4000 visitors of the fair 
will be able to meet attractive employers 
with open job opportunities, traineeships, 
inform themselves on prospects for fur-
ther education, and receive insight into the 
branch by taking part in technical work-
shops. This program is complemented by 
excursions to well-known companies and 
regional facilities.

The „zukunftsenergien nordwest“ offers 
exhibitors a high-profile public platform 
where over 70 companies and service pro-
viders meet together with an audience in-
terested in their sector along with potential 
young applicants and those looking to en-
ter from other fields of expertise. 

The „zukunftsenergien nordwest“ is sup-
posed to take place once a year. Starting 
in Oldenburg in the year 2010 it will be 
held in Bremen and alternatingly thereafter 
every year in one of the two cities. 
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ForWind Competence Center
Elke Seidel

ForWind Course of Lectures

Since 2006 ForWind offers  during sum-
mer and winter terms a unique public 
course of lectures concerning different, 
predominantly technical aspects of energy 
research and supply – mainly focussed on 
wind energy. Meant as an interlink between 
research institutions, universities and the 
industry, invited national and international 
speakers discuss their area of expertise.

Summer Term 2009

Wettervorhersagen – Bedeutung für
Wirtschaft und erneuerbare Energien
Kai Biermann, 
Leiter der Vertriebsaußenstelle,
Zentrum für regenerative Energiever-
sorgung, 
Deutscher Wetterdienst

Integration erneuerbarer Energien in 
das Stromnetz
Dr. Thomas Schlegl,
Geschäftsführer der Fraunhofer-Allianz 
Energie,
Fraunhofer-Institut für Solare Energie-
systeme ISE

Evolution or Revolution:
Wind Technology Trends 1990 – 2009
Eize de Vries, 
Owner/Director Rotation Consultancy

Antriebsstränge in Windenergieanlagen 
– Anforderungen an Getriebe, 
Kupplungen und Lager
Prof. Dr.-Ing. Berthold Schlecht, Leiter 
des Institutes für Maschinenelemente und 
Maschinenkonstruktion, TU Dresden

ForWind – Events

Herausforderung Offshore – So geht´s!
Olaf Dostalek, 
Siemens Wind Power GmbH
Rouven Krüger, 
Commercial Sales Manager Offshore 
Siemens AG

Windkraftwerke: Risiken außerhalb 
des Einflussbereiches der 
Projektgesellschaft – Lösungsansätze
Ralf Skowronnek, 
Leiter Branchenteam Erneuerbare 
Energien und Technische Versicherungen, 
Marsh GmbH

The Ampelmann – a ship-based self 
stabilizing platform
Dr. ir. Jan van der Tempel, 
Assistant Professor for Offshore 
Engineering, 
TU Delft

Logistik und Installationslösungen für
die Offshore-Windindustrie
Emilio Reales und Carsten Heymann,
beide Geschäftsführer der 
BELUGA HOCHTIEF OFFSHORE 
GmbH& Co. KG
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Winter Term 2009/2010

Entwicklung von Windkraftanlagen
Dr. Rüdiger Kortenkamp,
Head of Product Development, 
SUZLON Energy GmbH

Netzanbindung von Offshore-
Windenergieparks
Prof. Dr.-Ing. habil. Lutz Hofmann,
Institut für Energieversorgung und 
Hochspannungstechnik, 
Fachgebiet Elektrische 
Energieversorgung,
ForWind, Leibniz Universität Hannover

Energieseekabel in der Nordsee –
ein aktuelles Offshore-Windpark-
Projekt
Jörg Engicht, 
Director Implementation 
Submarine Cable Offshore,
Norddeutsche Seekabelwerke GmbH

Offshore-Baugrunderkundung nach 
dem BSH-Standard mit Praxisbeispie-
len aus Nord- und Ostsee
Dr. Rolf Balthes,
Direktor der Abteilung Geotechnik
Dr. Jens H. Krumb
Manager GeoEngineering, 
FUGRO CONSULT GmbH

Erfahrungsbericht 
„BARD OFFSHORE 1“ –
80 Anlagen schlüsselfertig ins Meer
stellen
Frank Hagemeister
Geschäftsführer BARD Emden Energy 
GmbH & Co. KG

Forschungsplattform „FINO 3“ –
Forschungsvorhaben vom Blitz 
bis zum Meeresboden
Jan Bachmann
Projektleitung FINO 3, Forschungs- 
und Entwicklungszentrum
Fachhochschule Kiel GmbH
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Hannover Messe 2009, 
April 20th - 24th, 
"Get New Technology First" 

ForWind participated in the Hannover 
Messe 2009 at the joint stand of Lower 
Saxony "Energieland Niedersachsen", 
presenting ForWind and its services in 
research, consultancy, education, further 
education and events as well as two ex-
hibits: the Sphere Anemometer, a new ef-
fective method for Wind Measurements of 
the University of Oldenburg and the "large 
bubble curtain", a method for noise reduc-
tion during construction of offshore wind 
turbines of the University of Hannover.

Amongst many others the Prime Minister 
of Lower Saxony, Christian Wulff, and the 
Minister for Science and Culture of Lower 
Saxony, Lutz Stratmann, informed them-
selves about the state of the art in wind  
energy research.

EVENTS
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Offshore Wind Energy Colloquium 
2009

The Offshore Wind Energy Colloquium 
took place on the 4th of June 2009 at 
Leibniz Universität Hannover (LUH). The 
colloquium was hosted by the ForWind 
members of LUH, the Federal Ministry 
for Environment, Nature Conservation 
and Nuclear Safety (BMU) and the Ing-
enieurkammer Niedersachsen.

Overall topics were support structures and 
rotor blades of offshore wind turbines, 
which included the design and reliability of 
load carrying structures as well as material 
models for rotor blades. The program was 
subdivided into the sessions ”Planning and 
construction of offshore wind parks”, “Ma-
terial behavior of rotor blades“, ”Structural 
health monitoring of rotor blades, tower 
and support structure”, “Holistic design of 
wind turbines and optimization of support 
structures” and “Certification”. 

Four institutes of the Faculty of Civil En-
gineering and Geodetic Science of LUH 
as well as Jerome P. Lynch (University of 
Michigan) presented current results from 
research projects. Talks of representatives 
from industry were given by Matthias 
Schubert, Chief Technology Officer of the 
turbine producer REpower, Hartmut Twor-
uschka (HOCHTIEF Construction AG), 
Jens Assheuer (WindMW GmbH), Martin 
Ros (Menck GmbH), Jochen Birkemey-
er (Nordex AG), Marinus van der Hoek 
(VanderHoekPhotonics) and Torsten Faber 
(Germanischer Lloyd), who presented ac-
tivities of their companies in the field of 
offshore wind energy. 

Furthermore, Hans-Gerd Busmann pre-
sented research results of the Fraunhofer 
Institute for Wind Energy and Energy Sys-
tem Technology, which is one the most 
important partners of ForWind. Opening 
speeches and closing words were given 
by Raimund Rolfes (ForWind), Peter 
Schaumann (ForWind), Ralf Christmann 
(BMU) and Hans-Ullrich Kammeyer 
(Ingenieurkammer Niedersachsen), who 
represented the hosting institutions. The 

presentations were complemented by a 
poster session, including exhibits that de-
picted the research of the ForWind part-
ners.  More than 160 representatives from 
research and industry participated in the 
colloquium. The feedback of participants 
confirmed that the event was a valuable 

Figure: More than 160 participants attended the presentations of the Offshore Wind 
Energy Colloquium 2009

Figure: The poster sessions were complemented by exhibits of the ForWind partners

opportunity to get connected in the off-
shore wind energy sector and to discuss 
future collaborations. Proceedings, presen-
tations and pictures of the Offshore Wind 
Energy Colloquium 2009 are available on:  
http://www.isd.uni-hannover.de/kollo-
quium.html
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University of Bremen joins 
ForWind 

ForWind was founded in 2003 through 
the support of the Ministry for Science 
and Culture of Lower Saxony. Since then, 
wind energy researchers at the Universities 
of Oldenburg and Hannover have worked 
together in cooperation.

In 2009, the University of Bremen joined 
as a new partner. This event significantly 
widened the research spectrum, forming a 
partnership of research unique at a national 
level.

ForWind, the Center for Wind Energy Re-
search of the Universities of Oldenburg, 
Hannover and Bremen bundles the compe-
tencies of the three universities, conduct-
ing fundamental research in wind energy, 
providing independent scientific coopera-
tion in industry-oriented projects and or-
ganizing the education, and further educa-
tion, of future experts.

On August 25th the joining was signed by:

Prof. Dr. Dr. h.c. Hans-Jürgen Appelrath 
(Vice President for Research of the 
University of Oldenburg),

Prof. Dr.-Ing. Erich Barke 
(President of the University of Hannover),

Prof. Dr. Rolf Drechsler 
(Vice President for Research and Young 
Academics of the  University of Bremen).

EVENTS
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Conferment Ceremony of an 
Honorary Doctorate
on H.J.M. (Jos) Beurskens 

With great pleasure and in recognition of 
his outstanding contributions to the fur-
therance of wind energy research, the Fac-
ulty of Mathematics and Science of the 
University of Oldenburg awarded H.J.M. 
(Jos) Beurskens the degree of Doctor of 
Natural Sciences, honoris causa on No-
vember 16th, 2009 in Oldenburg.
 
In their opening speeches Dr. Heide Ah-
rens, Vice President for Administration 
and Finance of the University of Olden-
burg, and Prof.  Dr. Georg Klump, Dean 
of the Faculty of Mathematics and Science,  
praised the achievements of Jos Beurskens. 
Following the laudatio given by Prof. Dr. 
Martin Kühn, Jos Beurskens gave a lecture 
on wind  energy research in general.

This honorary doctorate is not only award-
ed to Jos Beurskens for his commitment in 
scientific research but also his dedication 
for managing Wind Energy research on a 
European level by being one of the initia-
tors of the European Renewable Energy 
Research Centres Agency (EUREC) and 
the European Academy of Wind Energy 
(EAWE). His work had a major influence 
on education and further education in Wind 
Energy. 

Jos Beurskens is the fourth scientist award-
ed this degree by the Faculty of Mathemat-
ics and Sciences of the University of Old-
enburg, becoming a member of a group of 
very distinguished peers. Jos Beurskens 
contributed to the development of Energy 
Research at the University of Oldenburg 
by sustaining the establishment and the 
international visibility of ForWind, the 
Center for Wind Energy Research of the 
Universities of Oldenburg, Hannover and 
Bremen and also by strengthening the sci-
entific cooperation between Germany and 
the Netherlands in wind energy.

In 2008 Jos Beurskens received the „Poul 
la Cour Prize“ for his outstanding achieve-
ments and many years’ service in the field 

of wind energy .He is director of the dutch 
Offshore-program We@sea and senior re-
searcher at the Energy Research Center of 
the Netherlands (ECN). Jos Beurskens is 
a member of ForWinds scientific advisory 
board since ist foundation in 2003, since 
2006 is he its chairman.
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Third Science Days on the 
Utilization of Offshore Wind 
Energy by the Federal Ministry 
for the Environment, 
Nature Conservation and Nuclear 
Safety 

November 17th and 18th, 2009 in Olden-
burg (Oldb)

On behalf of the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU) ForWind organized 
the Third Science Days on the Utilization 

of Offshore Wind Energy in Oldenburg 
(Germany), on November 17th and 18th 
2009.  The BMU presented the latest re-
sults of offshore wind energy research 
projects. The main focus of this interna-
tional conference was on technical aspects 
of offshore wind energy such as systems  
engineering, carrying structures and grid 
integration.

Appropriate consideration was also given 
to activities in the area of technical and 
ecological research support for research 
projects in fields such as process automa-
tion, logistics, energy meteorology and 
technical environmental protection.

International cooperation in the field of 
offshore wind energy between the neigh-
bouring countries bordering the North and 
the Baltic Sea were also part of the confer-
ence. More than 420 internationl partici-
pants joined the event. 

The aim of the Third Science Days was 
to give a review of the development of 
the utilization of offshore wind energy in 
Germany and Europe to representatives of 
economy, politics and administration and 
to discuss the need of future research.  The 
conference was held in German.

EVENTS
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DAAD Information Tour 2009 – 
Renewable Energies in Germany

In December 2009, the German Academic 
Exchange Service (DAAD) organized the 
Information Tour 2009 – „Renewable En-
ergies in Germany: State of the art and op-
portunities for international cooperation in 
research and higher education“, funded by 
the Federal Ministry of Education and Re-
search (BMBF).

Within this information tour the delegation 
of 23 experts of North American Univer-
sities and research institutions visited the 

ForWind Presentation in North-
America

ForWind presented Wind Energy Research 
"made" in Lower Saxony at the  recep-
tion held by the Prime Minister of Lower 
Saxony, Christian Wulff, on October 2nd, 
2009 in Washington on the occasion of the 
"Day of German Unification". ForWind 
was invited to contribute to the presenta-
tion of Lower Saxony as "Energieland 
Niedersachsen" with a 7,2 m model of a 
wind turbine supplemented by ForWind 
information material. 

University of Oldenburg on December 7th 
and 8th to inform themselves about the 
various activities in wind energy research 
and to lively discuss the opportunities for 
cooperation.

Prof. Dr. Joachim Peinke, physicist and 
academic speaker of ForWind, hosted 
the delegation and presented ForWind`s  
broad research base in both engineering 
and physics as well as  international edu-
cation and further education programs like 
the  international postgraduate program for  
Renewable Energy (PPRE) and the Mas-
terprogram EUREC.
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Publication List

Reviewed Articles

Achmus, M., Kuo, Y.-S. and 
Abdel-Rahman, K.: 
Behavior of monopile foundations 
under cyclic lateral load, 
Computers & Geotechnics 36 (2009)

Arlinghaus, H.F.; Lipinsky, D.; 
Assenkamp, A.; Skubacz, T.; Poll, G.; 
Brüning, C.: 
ToF-SIMS Investigations of Tribological 
Layers
Proceedings of the 4th World Tribology 
Congress 2009, 6.-11.09.2009, Kyoto (Jp), 
ISBN 978-4-9900139-9-8

Friedrich, R.; Peinke, J; Rahimi Tabar, M. 
Reza: 
Importance of Fluctuations, Complexi-
ty in the View of Stochastic Processess 
Encyclopedia of Complexity and 
Systems Science 
Springer, Berlin (2009) 00294

Friedrich, R; Peinke, J.: 
Fluid Dyanmics, Turbulence 
Encyclopedia of Complexity and 
Systems Science 
Springer, Berlin (2009) 00767

Gatzen, M.; Pape, F.; Poll, G.: 
Physical properties of boundary 
layers in angular contact ball bearings 
lubricated with greases containing 
polymers 
Proceedings of the Institution of Me-
chanical Engineers, Part J: Journal of 
Engineering Tribology, 223(2009) 3, pp. 
581-592, ISSN 1350-6501

Gatzen, M.; Pape, F.; Gatzen, H.H.; 
Poll, G.: 
Frictional Investigations on Ball Bea-
rings Lubricated Using Greases with 
Polymer Additives
Proceedings of the 4th World Tribology 
Congress 2009, 6.-11.09.2009, Kyoto (Jp), 
ISBN 978-4-9900139-9-8

Documentation

Gatzen, M.; Poll, G.: 
Einfluss von polymeren Zusätzen auf 
die Gebrauchsdauer von Schmierfetten
DGMK-Forschungsbericht 638, Deutsche 
Wissenschaftliche Gesellschaft für Erdöl, 
Erdgas und Kohle e. V., Hamburg, June 
2009, ISBN 978-3-936418-94-1

Gomez, A.; Seume, J.R. : 
Load Pulses on Wind Turbine Struc-
tures caused by Tower Interference
Wind Engineering. Vol 33 No. 6 (2009) 

Gomez, A.; Seume, J.R. (2009): 
Modelling of Pulsating Loads on Wind 
Turbine Blades
Proceedings of Energy Sustainability, 
19-23 July 2009, San Francisco, 
California, USA,
ES2009-90121.

Gomez, A.; Seume, J.R. (2009): 
Aerodynamic Coupling of Rotor and 
Tower in HAWTs
Proceedings of the European Wind 
Energy Conference (EWEC 2009), 
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Marseille, France. (Peer Rev. Abst.)

Gottschall, J.; Peinke, J.; Lippens, V. ; 
Nagel, V.:
Exploring the dynamics of balance 
data – movement variability in terms 
of drift and diffusion 
Physics Letters A, Volume 373, Issue 8-9, 
pp. 811-816 (2009)

Gottschall, J.; Peinke, J.; Lippens, J.;
Nagel, J. : 
Charakterisierung von Gleichgewichts-
Leistung in Form von Drift und 
Diffusion in Gleichgewichts-Leistung 
im Handlungsbezug 
eds. V. Nagen und V. Lippens,
Czwalina Verlag Hamburg, pp. 45 (2009) 

Grießmann, T.; Gerasch, W.-J.; 
Rustemeier, J.: 
Hydroschall beim Bau und Betrieb von 
Offshore-Windenergieanlagen
In: Fouad, N. A.: Bauphysik-Kalender 
2009, pp. 681-708, Verlag Ernst & Sohn, 
Berlin (2009)

Grießmann, T.; Rustemeier, J.; Rolfes, R.:
Luftblasen schützen Waale und Robben 
Erneuerbare Energien 9/2009, pp. 40-44;
Sunmedia Verlag, Hannover (2009)

Gunst, U.; Guillot, J.; Valle, N.; 
Zabel, W.-R.; Migeon, H.-N.; Poll, G. ; 
Arlinghaus, H.F.: 
Investigation of Tribological System 
Surfaces of High-Speed Rolling 
Element Bearings by AES, XPS and 
SIMS 
Proceedings of the 4th World Tribology 
Congress 2009, 6-11 Sept. 2009, Kyoto 
(Jp), ISBN 978-4-9900139-9-8

Haake, G.; Rolfes, R.; Schaumann, P.; 
Huhn, H.; Schlurmann, T.; Lohaus, L.; 
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Research on Support Structures in the 
German Offshore Wind Farm alpha 
ventus, Proceedings of the European 
Wind Energy Conference, Marseille 
(2009) 

Hinrichs, C., Vogel, U. Sonnenschein, M.: 
Modelling and Evaluation of 
Desynchronization Strategies for 
Controllable Cooling Devices 
Mathmod 2009 – 6th Vienna Internatio-
nal Conference on Mathematical 
Modelling. Argesim Report No. 35 (2009)

Langner, M.; Peinke, J.; Flemisch, F.; 
Baumann, M.; Beckmann, D.: 
Methods of driver potential estimation 
for the developement of driver 
assistance based on Langevin analysis 
Europ. Phys, J. (in submission September 
2009)
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Manshoor, P.;  Saberi, S.; Sahimi, M.; 
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M. Reza Rahimi: 
Turbulence-Like Behavior of Seismic 
Time Series 
Phys. Rev. Lett. 102, 010401 (2009)

Mehler, Ch.; Völker, T.; Orlik, B.: 
Regelungstechnische Minimierung von 
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Mücke, T.; Kleinhans, D.; Peinke, J.: 
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Wächter, M.; Rettenmeier, A.; Peinke, J.: 
Power Curves for Wind Energy Conver-
ters using LIDAR Measurements
Proceedings of the  8th intern. workshop 
on Large-Scale Integration of Wind Power 
into Power Systems (2009)

Weidlich, I.; Achmus, M., 
Shimonishi, M.: 
Simulation and analysis of cyclic 
constant normal stiffness tests by the 
discrete element method International 
Conference on Particle-Based Methods 
Particles 2009, E. Oñate and 
D. R. J. Owen (Eds.) CIMNE, Barcelona 
(2009)

Other Publications

Gomez, A.; Seume, J.R.: 
Aerodynamische Turmbelastung 
Offshore-Windenergie-Kolloquium 
4 June 2009, ForWind, Leibniz Universität 
Hannover (2009)

Peinke, J.; Gottschall, J.: 
Turbulenzen unberechenbar und 
rätselhaft – Windturbulenzen und 
deren Bedeutung für die Nutzung von 
Windenergie 
Neue Energie – BWE intern 01, 7 (2009) 

Peinke, J.; Gottschall, J.; Wächter, M.: 
Genaue Messung bleibt das A und O: 
Dynamische Leistungskurven unter 
Verwendung verschiedener 
Anemometer 
Erneuerbare Energien, pp. 34-36 
(Jan. 2009)

Petroliagis T.I.; Ploski J.; Tambke J.; Schei-
dsteger T.; Heinemann, D.: 
Intercomparison and optimal 
combination of multi-model LAF 
(Lagged Average Forecasting) 
ensemble schemes for wind prediction
Poster at the European Wind Energy 
Conference, Parc Chanot, 16-19 March 
2009, Marseille, France (2009)

Tambke J., Wolff M., Jiang J., Petroliagis 
T.I.; Hagedorn, R.: 
Using ensemble predictions to forecast 
power, uncertainty and cut-offs
Poster at the European Wind Energy Con-
ference, Parc Chanot, 16- 19 March 2009, 
Marseille, France (2009)
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Grünberg, J.: 
Sonderkonstruktionen im Massivbau
Leibniz-Universität Hannover, 
Institute for Concrete Construction, 
Winter term 2009/2010

Gülker, G.: 
Digitale Holographie 
Universität Oldenburg, 
Institute for Physics, 
Winter term 2009/2010

D. Heinemann: 
Energiemeteorologie 
Universität Oldenburg, 
Institute for Physics, 
Summer term 2009

D. Heinemann: 
Energy Meteorology 
Postgraduate Program Renewable Energy
Universität Oldenburg, 
Institute for Physics, 
Winter term 2009/10

Hofmann, L.: 
Neue Komponenten in der elektrischen 
Energieversorgung
Leibniz-Universität Hannover, 
Institut of Electric Power Systems, 
Summer term 2009

Konstruktionslehre I, III und IV, 
Konstruktionsmethodik I und II, 
Tribologie, Fahrzeugantriebstechnik 
Leibnitz Universität Hannover, 
Institute of Machine Elements and 
Engineering Design

Lohaus, L.: 
Innovatives mit Beton 
(Betontechnologie der Sonderbetone) 
(lecture) 
Leibniz-Universität Hannover, 
Institute of Building Materials Science, 
Winter term 2008/09)

Peinke, J.: 
Windenergie 
Universität Oldenburg, 
Institute for Physics, 
Winter term 2008/2009

Peinke, J.: 
Fluiddynamik
Universität Oldenburg, 
Institute for Physics, 
Winter term 2008/2009

Peinke, J.: 
Experimentalphysik IV: Thermodyna-
mik und Statistik 
Universität Oldenburg, 
Institute for Physics, 
Sommer term 2009

Peinke, J.: 
Fluiddynamik II 
Universität Oldenburg, 
Institute for Physics, 
Sommer term 2009

Peinke, J.: 
Econophysik 
Universität Oldenburg, 
Institute for Physics, 
Sommer term 2009

Peinke, J.: 
Wind Energy 
Universität Oldenburg, 
Institute for Physics, 
Winter term 2009/2010

Rolfes, R.: 
Faserverbund-Leichtbausstrukturen 
(lecture) 
Leibniz-Universität Hannover, 
Institut for Structural Analysis, 
Winter term 2008/ 2009

Schaumann, P.: 
Stability Problems (lecture)
Leibniz Universität Hannover, 
Institute for Steel Construction, 
Summer term 2009

Project Reports

Adamek, G.; Hänsel, A.: 
Rezepturvariation an 
Korrosionsschutzmörteln für 
Offshore-Windenergieanlagen 
Projektarbeit 
Leibniz Universität Hannover (2009)

Frohloff, T; 
Erstellung eines europaweiten 
Modells für die Operation & 
Maintenance Strategie großer 
küstenferner Offshore-Windparks 
In Kooperation mit RWE Innogy GmbH
(2009)

Gebauer, B.; Oetting, A.: 
Optimierung eines innovativen 
Kolkschutzes bei Offshore-Wind-
energieanlagen, sowie Erarbeitung 
eines möglichen Herstellungs-
verfahrens 
Projektarbeit 
Leibniz Universität Hannover (2009)

Grießmann, T., Rustemeier, J.; Betke, K.; 
Gabriel, J.; Neumann, T.; Nehls, G.; 
Brandt, M.; Diederichs, A.; Bachmann, J.: 
Erforschung und Anwendung von 
Schallminimierungsmaßnahmen beim 
Rammen des FINO3-Monopiles 
Abschlussbericht zum BMU-Verbund-
vorhaben (FKZ 0325023A / 0325077), 
Hanover, Nov. 2009

Lünsdorf, O.; Sonnenschein, M.: 
Lastadaption von Haushaltsgeräten 
durch Verbundsteuerung

Rolfes, R. et al.: 
Ganzheitliches Dimensionierungskon-
zept für OWEA-Tragstrukturen anhand 
von Messungen im Offshore-Testfeld 
alpha ventus 
GIGAWIND alpha ventus Jahresbericht 
2008, Hanover, Avril 2009

Tegeler, S.; Helmer, R.:
Saturation Behaviour of Doubly-fed 
Induction Generators

Wistal, D;: 
Wartungsleistungen und technischer 
Reparaturbedarf bei Anlagen zur Nut-
zung erneuerbarer Energien 
In Kooperation mit GWS (2009)
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Diploma, Master and
Bachelor Theses

Abebe, Y. A., Ambele, M. M.; 
Tibebu, S. T.: 
Untersuchungen zum Ansatz der 
Baugrundsteifigkeit bei dynamisch 
angeregten Windenergieanlagen 
Master Thesis, 
Leibniz Universität Hannover (2009)

Ahmann, Maria: 
Untersuchungen über die Struktur von 
Extremereignissen in Windmessdaten
Bachelor Thesis, 
Universität Oldenburg (2009) 

Albiker, J.: 
Untersuchung zur Tragfähigkeits-
ermittlung von offenen Stahlrohr-
rammpfählen für die Gründung von 
Offshore Windenergieanlagen
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Bechtel, A.: 
Influence of the shear key geometry 
to the fatigue design of hybrid 
connections of Offshore Wind Energy 
Converters 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Bitterberg, S.: 
Untersuchung des Einflusses 
konstruktiver Maßnahmen auf die 
Tragfähigkeit eines Stahlrohrramm-
pfahls im Kleinmaßstäblichen 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Bobbe, A.: 
Ermittlung der beim Randschichthärten 
von metastabilen Austeniten erreich-
baren Einhärtetiefen mit Hilfe der 
photothermischen Randzonenanalyse
Bachelor Thesis, 
Universität Bremen (2009)

Beulig, S.: 
Stochastische Datenanalyse von 
menschlichen Bewegungsabläufen 
zur objektiven Erfassung der 
Aufmerksamkeit 
Diploma Thesis, 
Universität Oldenburg (2009) 

Coronel, M.: 
Untersuchung des Einflusses aus zy-
klischen Lasten auf die axiale 
Tragfähigkeit von Pfählen in nicht 
bindigen Böden 
Master Thesis, 
Leibniz Universität Hannover (2009)

Eggers, D.: 
Agentenbasierte Planung optimierter 
Versorgungsnetzstrukturen unter Ver-
wendung von Ant Colony 
Optimization-Algorithmen 
Bachelor Thesis, 
Universität Oldenburg (2009)

Ellerkmann, I.: 
Log-periodische Vorläufer vor 
Extremwerten in Windfeldmessungen 
Bachelor Thesis, 
Universität Oldenburg (2009) 

Engelke, N.: 
Zur Stabilität hybrider Verbindungen 
in Gründungsstrukturen von Offshore-
Windenergieanlagen 
Master Thesis, 
Leibniz Universität Hannover (2009)

Föste, H.:
CFD-Simulation einer 
Windenergieanlage
Diploma Thesis, 
Universität Oldenburg (2009)

Frohloff, T.: 
Entwicklung eines Lifecycle anage-
ment Konzeptes für Offshore Winde-
nergieanlagen zur Optimierung von 
Prozessabläufen 
Diploma Thesis, 
Universität Oldenburg
In Kooperation mit RWE Innogy GmbH 
(2009)

Greve, T.: 
Aufbau und physikalische Betrachtung 
eines Durchlaufreaktors zur 
hydrothermalen Karbonisierung 
Diploma Thesis, 
Universität Oldenburg (2009)

Häckell, M.: 
Systemidentifikation einer aufgelösten 
Offshore-Gründungsstruktur mittels 
Matlab 
Studienarbeit, 
Leibniz Universität Hannover (2009)

Happe, J.: 
Simulation des Stromverbrauchs von 
Haushalten zur Erzeugung von 
realitätsnahen und zeitlich hoch 
auflösenden Gesamtlastgängen 
Bachelor Thesis, 
Universität Oldenburg (2009)

Hahler, S.:
Konzeption eines Versuchmodells einer 
Windenergieanlage für PIV-Messungen 
Diploma Thesis, 
Universität Oldenburg (2009)

Hanke, C.:
Untersuchungen zum Trag- und Ermü-
dungsverhalten von Hohlprofilkon-
struktionen am Beispiel des Jackets für 
eine Offshore-Windenergieanlage der 
5-MW-Klasse im Testfeld alpha ventus 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Homeyer, T.: 
Aufbau eines kompakten digital-
holografischen PIV Systems unter 
Anwendung verschiedener Teilchen-
Validierungsmethoden 
Diploma Thesis, 
Universität Oldenburg (2009)

Huhndorf, M.: 
Optische Schadenserkennung an 
Zahnrädern 
Bachelor Thesis, 
Universität Bremen (2009)

Kalin, J.: 
Bewertung und Implementierung 
in das kommerzielle FE-Programm 
Abaqus von Ansätzen zur Ermüdungs-
berechnung von orthotropen 
glasfaserverstärkten Kunststoff-ver-
bundwerkstoffen unter 
unidirektionaler Zugbeanspruchung 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Kampers, G.: 
Charakterisierung und Optimierung 
der Reflexionseigenschaften von 
Cantilevern für die Laser-Cantilever-
Anemometrie 
Bachelor Thesis, 
Universität Oldenburg (2009) 
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Knöfel, D.: 
Weiterentwicklung und Verifikation 
eines Simulationsmodells für die 
strukturdynamische Analyse von 
Offshore-Windenergieanlagen
Bachelor Thesis, 
? (2009)

Koller, T.: 
Bemessung für zyklisches Verfor-
mungs- und Tragverhalten von einem 
horizontal belasteten Pfahl im Sand 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Miehe, A.: 
Berücksichtigung zyklischer 
Lasteinwirkungen bei der Bemessung 
von Offshore-Schwergewichts-
gründungen 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Peters, M.: 
Raumzeitliche Dynamik der turbu-
lenten Konvektionsrolle im Rayleigh-
B´enard System 
Diploma Thesis, Universität Oldenburg 
(2009)

Poliwoda, D.: 
Untersuchung eines innovativen 
Kolkschutzes bei Offshore-
Windenergieanlagen
Studienarbeit,
Leibniz Universität Hannover (2009)

Puczylowski, J.: 
Weiterentwicklung des 2D- Laser 
Cantilever Anemometers 
Master Thesis, 
Universität Oldenburg (2009)

Rendel, T.: 
Marktmodell für den Einsatz von 
Wasserkraftwerken im europäischen 
Verbundnetz 
Diploma Thesis, 
Leibniz Universität Hannover, (2009)

Reyes Lopez, D. L.: 
Untersuchungen zur tatsächlichen 
Eigenfrequenz des Turmes von 
dynamisch angeregten Windenergie-
anlagen 
Master Thesis, 
Leibniz Universität Hannover (2009)

Scherfke, S.: 
Multiagenten-Echtzeitplanung in 
Windparks zur Optimierung der 
Einspeisung in das Stromnetz 
Diploma Thesis, 
Universität Oldenburg (2009)

Schmidt, A.: 
Optimierung der Schaltvorgänge bei 
Einsatz von Regeltransformatoren für 
die Anbindung von Offshore- Wind-
parks an das UCTE-Netz 
Diploma Thesis, 
Leibniz Universität Hannover, (2009)

Schmidt, A.: 
Rekonstruktion partieller 
Differentialgleichungen 
Diploma Thesis, 
Universität Oldenburg (2009)

Schneemann, J.: 
Auftriebsmessungen in turbulenter 
Umgebung 
Diploma Thesis, 
Universität Oldenburg (2009)

Schramm, F.: 
Durchführung einer Sensitivitätsanaly-
se der Mechanismen zur Mobilisierung 
der Tragfähigkeit von axial belasteten 
Strahlrohrrammpfählen 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Schulz, Ann-Christin: 
Zeitlich hoch auflösende Widerstands-
messungen an einem Zylinder mittels 
druckmessender Sensoren 
Bachelor Thesis, 
Universität Oldenburg (2009) 

Schwenck, D.: 
Entwicklung eines Prüfstands zur 
Analyse des dynamischen Verhaltens 
einer Welle mit Hilfe eines optischen 
Messsystems 
Bachelor Thesis, 
Universität Bremen (2009)

Strutz, D.:
Charakterisierung und Optimierung 
einer Düse für Freistrahlexperimente 
Bachelor Thesis, 
Universität Oldenburg (2009) 

Thiemann, P.: 
Implementierung einer USB-Schnitt-
stellenkarte in einen Versuchsaufbau 
zur photothermischen Randzonen-
analyse
Bachelor Thesis, 
Universität Bremen (2009)

Torrico, J.: 
Vergleichende Untersuchung zum 
axialen Tragverhalten von Offshore-
Gründungspfählen
Master Thesis, 
Leibniz Universität Hannover (2009)

Uriona, M. C. C.: 
Untersuchung des Einflusses aus 
zyklischen Lasten auf die axiale 
Tragfähigkeit von Pfählen in nicht 
bindigen Böden 
Master Thesis, 
Leibniz Universität Hannover (2009)

Wagner, D.: 
Zur Bemessung einer ausbetonierten 
Pile-Sleeve-Verbindung einer Tripod-
Gründungsstruktur in einer 
Windenergieanlage 
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Wefer, T.: 
Zur Tragfähigkeit axial beanspruchter 
Grout-Strukturen in Offshore-Wind-
energieanlagen
Diploma Thesis, 
Leibniz Universität Hannover (2009)

Werges, C.: 
Ermittlung einer Bauteilanrisskennlinie 
zur Beschreibung des Versagens der 
Hauptgurt-Steg-Verklebung glasfaser-
verstärkter Rotorblätter
Diploma Thesis, 
Leibniz Universität Hannover (2009)



106

PhD Theses

Völker, T.: 
Regelung unsymmetrisch belasteter 
Inselnetze durch unabhängige 
Wechselrichter im Parallelbetrieb 
Doctoral Thesis, 
Universität Bremen (2009)

Kuhlmann, J.: 
Tribologische Eigenschaften von 
Wälzlagerschmierfetten bei dauerhaft 
niedrigen Betriebstemperaturen 
Doctoral Thesis,
Leibniz Universität Hannover (2009)

Keßler, A.: 
Schiefstellung und Axialschubver-
halten von Zylinderrollenlagern
Doctoral Thesis,
Leibniz Universität Hannover (2009)

Marten, F.: 
Zur Ermüdungsfestigkeit hochfester 
großer Schrauben 
Doctoral Thesis,
Leibniz Universität Hannover (2009)

Keindorf, C.:
Zur Tragfähigkeit und Ermüdungs-
fähigkeit von Sandwichtürmen für 
Windenergieanlagen
Doctoral Thesis,
Leibniz Universität Hannover (2009)

Böker, C.:
Load simulation and local dynamics of 
support structures for offshore wind 
turbines
Doctoral Thesis,
Leibniz Universität Hannover (2009

Gottschall, Julia: 
Modelling the variability of complex 
systems by means of langevin 
processes
Doctoral Thesis, 
Universität Oldenburg (2009)

Sušelj, Kay: 
Modelling of the near-surface wind 
speed: boundary layer and climate 
aspects 
Doctoral Thesis,
Universität Oldenburg (2009) Photo: EWEA / Eric Louw 

DOCUMENTATION

Stoevesandt, Bernhard: 
Investigation on turbulence for wind 
turbine aerodynamics 
Doctoral Thesis, 
Universität Oldenburg (2009)
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List of ForWind Staff 
Members

Abdel-Rahman, Khalid, Dr.-Ing. M.Sc.
Institute of Soil Mechanics, 
Foundation Engineering, and Waterpower 
Engineering, 
+ 49 511 762-2273
khalid@igbe.uni-hannover.de

Achmus, Martin, Univ.-Prof. Dr.-Ing. 
Institute of Soil Mechanics, 
Foundation Engineering, and Waterpower 
Engineering 
+ 49 511 762-4155
ahcmus@igbe.uni-hannover.de

Albiker, Johannes, Dipl.-Ing.
Institute of Soil Mechanics, 
Foundation Engineering, and Waterpower 
Engineering
+ 49 511 762-3529 
albiker@igbe.uni-hannover.de

Barth, Stephan, Dr.
Managing Director, 
ForWind Competence Center
+49 441 36116-721
stephan.barth@forwind.de

Battermann, Dagmar
ForWind Competence Center
+49 441 36116-720 
dagmar.battermann@forwind.de

Bechtel, Anne, Dipl-Ing. 
Institute for Steel Construction 
+49 511 762-4995 
bechtel@stahl.uni-hannover.de

Betcke, Jethro, MSc. 
Institute of Physics, 
AG Energy Meteorology 
+49 441 798-3927 
jethro.betcke@forwind.de 

Beulig, Sebastian
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST 
+49 441 798-3577                                       
 sebastian,beulig@uni-oldenburg.de 

Borda, Agnieszka, M.A. 
Bremen Institute for Metrology, 
Automation and Quality Science 
+49 421 218-64608 
bor@bimaq.de

Busch-Saleck, Nadja, Dr. 
Wind Power Forecasting
+49 441 36116-735
nadja.busch-saleck@forwind.de

Claussing, Beate
ForWind Competence Center
 +49 441 36116-720 
beate.claussing@forwind.de

Dapperheld, Jörg
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST
+49 441 798-3509 
joerg.dapperheld@uni-oldenburg.de 

Dubois, Jan, Dipl.-Ing. (FH), M.Sc. 
Institute for Steel Construction 
+49 511 762-2492
dubois@stahl.uni-hannover.de

Drews, Anja, Dr. 
Institute of  Physics, 
AG Energy Meteorology
+49 441 798-3927 
anja.drews@forwind.de

Ernst, Benedikt
Institute of Turbomachinery and Fluid 
Dynamics 
+49 511 762 2734
ernst@tfd.uni-hannover.de

Fricke, Moritz, Dipl.-Ing. 
Institute of Structural Analysis 
+49 511 762-4393
m.fricke@isd.uni-hannover.de

Fuhrmann, Martina, M.Sc.
Bremen Institute for Metrology, 
Automation and Quality Science 
+49 421 218-64612 
fuh@bimaq.de

Goch, Gert, Prof. Dr.-Ing.
Bremen Institute for Metrology, 
Automation and Quality Science 
+49 421-218-64600
gg@bimaq.de 

Gómez González , Alejandro, M. Sc. 
Institute of Turbomachinery and Fluid 
Dynamics 
aljandro.gonzales@suzlon.com

Gottschalk, Malte, Dipl.-Ing. 
Institute for Steel Construction 
+49 511 762-3367 
gottschalk@stahl.uni-hannover.de

Gottschall, Julia, Dr. 
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST
+49 441 798-3577 
julia.gottschall@forwind.de 

Greve, Thomas, Dipl.-Phys. 
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST
+49 441 798-3455
thomas.greve@forwind.de 

Grießmann, Tanja, Dipl.-Ing. 
Institute of Structural Analysis 
+49 511 762-2247
t.griessmann@isd.uni-hannover.de

Groke, Holger, Dipl.-Ing.
Institute of Electrical Drives, Power
Electronics, and Systems, 
+49 421 218-26277
hgroke@ialb.uni-bremen.de

Grünberg, Jürgen, Prof. Dr. 
Head of Institute of Concrete 
Construction,  
+49 511 762-3352 
gruenberg@ifma.uni-hannover.de

Gülker, Gerd, Dr.
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST
+49 441 798-3511 
gerd.guelker@uni-oldenburg.de 

Haake, Gerrit, Dipl.-Ing. 
Institute of Structural Analysis
+49 511 762-4393
g.haake@isd.uni-hannover.de

Hacke, Brit
Institute of Machine Elements and
Engineering Design
+49 511 762-3691
hacke@imkt.uni-hannover.de
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Langner, Michael, Dipl.-Phys.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3643 
michael.langner@uni-oldenburg.de 

Lindschulte, Nick, Dipl.-Ing. 
Institute of Building Materials Science, 
Research Assistant 
+49 511 762-3258, 
n.lindschulte@baustoff.uni-hannover.de

Lochte-Holtgreven, Stephan, Dipl.-Ing. 
Institute for Steel Construction 
+49 511 762-3713 
lochte@stahl.uni-hannover.de

Löw, Kathrin, Dipl.-Ing. 
Institute for Steel Construction
+49 511 762-3540 
loew@stahl.uni-hannover.de

Lohaus, Ludger, Univ.-Prof. Dr.-Ing. 
Institute of Building Materials Science
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lohaus@baustoff.uni-hannover.de

Lünsdorf, Ontje, MSc.
OFFIS, Demand Side Management 
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ontje.luensdorf@offis.de 

Mainz, Thomas
ForWind Competence Center
+49 441 36116-731
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Marr, Ann-Kathrin, Dipl.-Kulturwiss.
ForWind Competence Center
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OFFIS, 
Self-Organization in Demand Side 
Management 
+49 441 798 2755
christian.hinrichs@informatik.uni-olden-
burg.de

Hölling, Michael, Dr.
Institute of Physics, 
AG Turbulence, Wind Energy and 
Stochastics – TWIST
+49 441 798-3951 
michael.hoelling@uni-oldenburg.de 

Hofmann, Lutz, Prof. Dr.-Ing.
Institute of Electric Power Systems 
hofmann@iee.uni-hannover.de
Homeyer, Tim, Dipl.-Phys.
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Meyer, Robert
Institute for Drive Systems and Power 
Electronics
+49 0511 762-5613
meyer@ial.uni-hannover.de

Mickley, Mareike, Dipl.-Ing. 
Institute for Steel Construction 
+49 511 762-17211
mickley@stahl.uni-hannover.de

Milan, Patrick, M.Sc.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3643 
patrick.milan@uni-oldenburg.de 

Moraes-Duzat, Rejane, Dr. 
Institute of Physics, 
AG Energy Meteorology
+49 441 798-3924
rejane.moraes.duzat@uni-oldenburg.de

Morales, Allan, M.Sc.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3643
allan.morales@uni-oldenburg.de 

Mücke, Tanja, Dipl.-Phys.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3577
tanja.muecke@forwind.de 

Müller, Marina, Dipl.-Ing. 
Institute of Soil Mechanics, 
Foundation Engineering, and Waterpower 
Engineering 
+ 49 511 762 3736 
mueller@igbe.uni-hannover.de

Neuber, Malgorzata, M. Sc.
Institute of Structural Analysis
+49 511 762-2885
m.neuber@isd. uni-hannover.de

Nobbe, Alexander
ForWind Competence Center
+49 441 36116-731
alexander.nobbe@forwind.de

Oberweg, Gabriele
ForWind Competence Center
+49 441 36116-720 
gabriele.oberweg@forwind.de

Ochieng, Francis Xavier 
Institute of Physics, 
AG Energy Meteorology
+49 441 36116-736 
Xavier.Ochieng@forwind.de

Orlik, Bernd, Prof. Dr.-Ing. 
Institute of Electrical Drives, Power 
Electronics, and Systems
+49 421 218-62680 
b.orlik@ialb.uni-bremen.de

Otto, Sebastian
Institute of Machine Elements and 
Engineering Design 
+49 511 762-2267
otto@imkt.uni-hannover.de

Pahn, Thomas, Dipl.-Ing.
Institute of Structural Analysis 
+49 511 762-4208 
t.pahn@isd.uni-hannover.de

Parniak, Agnieszka
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3535 
agnieszka.parniak@uni-oldenburg.de

Pawletta, Peter
ForWind Competence Center
+49 441 36116-743
peter.pawletta@forwind.de

Peinke, Joachim, Prof. Dr.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3536 
joachim.peinke@forwind.de 

Peralta, Proserpine, M.Sc. 
Institute of Soil Mechanics, 
Foundation Engineering, and Waterpower 
Engineering 
+49 511 762-3736 
peralta@igbe.uni-hannover.de

Petroliagis, Thomas, Dr. 
Ensemble Forecasting
+49 441 36116-727
thomas.petroliagis@forwind.de
Poll, Gerhard, Prof. Dr.-Ing. 
Head of  Institute of Machine Elements 
and Engineering Design
+49 511 762-2416
poll@imkt.uni-hannover.de

Rathke, Christian 
Institute of Electric Power Systems, 
Forschungsgebiet Strommarktsimulation 
rathke@iee.uni-hannover.de

Reetz, Johannes, Dipl.-Ing. 
Institute of Structural Analysis 
+49 511 762-4397
j.reetz@isd.uni-hannover.de

Reil, Benjamin, M. Sc. 
Institute of Structural Analysis 
+49 511 762-17213 
b. reil@isd.uni-hannover.de

Reuter, Rainer, Dr.
Institute of Pysics, 
AG Marine Physics
+49 441 798 3522
rainer.reuter@uni-oldenburg.de

Rolfes, Raimund, Prof. Dr.-Ing. habil. 
Institute of Structural Analysis 
+49 511 762-3867
r.rolfes@isd.uni-hannover.de

Rustemeier, Jörg, M. Sc. 
Institute of Structural Analysis 
+49 511 762-2885
j.rustemeier@isd.uni-hannover.de

Schaumann, Peter, Prof. Dr.-Ing. 
Institute for Steel Construction 
+49 511 762-3781
schaumann@stahl.uni-hannover.de

Schmidt, Michael, Dipl.-Phys.
Institute of Physics, 
AG Energy Meteorology
+49 441 36116-736 
michael.schmidt@forwind.de 

Schlurmann, Thorsten, Prof. Dr.-Ing. 
habil. 
Franzius Institute of Hydraulic, 
Waterways, and Coastal Engineering
+49 511 762-19021
schlurmann@fi.uni-hannover.de

Schmidt, Boso 
Institute of Concrete Construction 
+49 511 762-3355 
schmidt@ifma.uni-hannover.de
Schneemann, Jörge, Dipl.-Phys.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 36116-574
joerge.schneemann@forwind.de 
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Vásquez-Rojas, Andrés, M.Sc.-Ing.
Institute for Steel Construction
+49 511 762-3713
vasquez@stahl.uni-hannover.de

von Bremen, Lueder, Dr. 
Project Manager for Wind Power 
Meteorology 
+49 441 36116 735, 
lueder.von.bremen@forwind.de

Wächter, Matthias, Dr.
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3951 
matthias.waechter@forwind.de  

Weicken, Hannes, Dipl.-Ing.
Institute of Building Materials Science
+49 511 762-8966, 
h.weicken@baustoff.uni-hannover.de

Wermke, Corinna, Dipl.-Sozialwiss.
ForWind Competence Center
+ 49 441 36116 -742
corinna.wermke(at)forwind.de 

Westerkamp, Jan F., Dipl.-Ing.
Bremen Institute for Metrology, 
Automation and Quality Science 
+49 421 218-64609 
wes@bimaq.de

Wöhrmann, Michael
Institute for Drive Systems and Power 
Electronics, Research Assistant 
+49 0511 762-3770
woehrmann@ial.uni-hannover.de

Wolff, Miriam
ForWind Competence Center
Tel.: +49 441 36116-737
miriam.wolff@forwind.de

Zerbst, Stephan, Dipl.-Ing. 
Research Staff, Institute of 
Structural Analysis 
+49 0511 762-8674
s.zerbst@isd.uni-hannover.de 

Zielke, Werner, Prof. em. Dr.-Ing., Dr. E. h. 
Institute of Fluid Mechanics and 
Environmental Physics in Civil 
Engineering,  
+49 511 762-4294 oder -3568  
zielke@zielkehydromech.uni-hannover.de

Steinfeld, Gerald, Dr. 
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST,
AG Energy Meteorology
+49 441 36116-732
gerald.steinfeld@forwind.de

Steppeler, Stefanie, Dipl.-Ing. 
Institute for Steel Construction 
+49 511 762-17212 
steppeler@stahl.uni-hannover.de

Stoevesandt, Bernhard, Dipl.-Phys. 
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3577 
bernhard.stoevesandt@forwind.de

Sušelj, Kay, Dr. 
Institute of Physics, 
AG Energy Meteorology
+49 441 36116-735 
kay.suselj@forwind.de

Tabar, Mohammed Rahimin Reza, Prof. Dr. 
Institute of Physics, 
AG Turbulence, Wind Energy, and 
Stochastics – TWIST
+49 441 798-3455
rahimi.tabar@uni-oldenburg.de

Tambke, Jens, Dipl.-Phys.
Institute of Physics, 
AG Energy Meteorology
+49 441 36116-734
jens.tambke@forwind.de

Tegeler, Sebastian 
Institute for Drive Systems and Power 
Electronics
+49 511 762-2891
tegeler@ial.uni-hannover.de

Tipping, Melanie
ForWind Competence Center
+49 441 36116-723
melanie.tipping@forwind.de

tom Wörden, Florian, Dipl.-Ing. 
Institute of Soil Mechanics,
Foundation Engineering, and Waterpower 
Engineering
+ 49 511 762 19805 
f.tom.woerden@igbe.uni-hannover.de

Schüttler, Jochen, Dipl.-Ing.
Institute of Electrical Drives, Power 
Electronics, and Systems 
+49 421 218-6267 
jschuettler@ialb.uni-bremen.de

Schwarzer, Christoph, Dipl.-Oek.
ForWind Competence Center
+49 441 36116-724 
christoph.schwarzer@forwind.de

Seidel, Elke
ForWind Competence Center
+49 441 36116-737 
elke.seidel@forwind.de 

Seume, Jörg, Prof. Dr.-Ing. 
Institute of Turbomachinery and Fluid 
Dynamics 
+49 0511 762-2733
seume@tfd.uni-hannover.de

Siatkowski, Marek, Dipl.-Ing. 
Institute of Electrical Drives, Power 
Electronics, and Systems
+49 421 218-62696
siatkowski@ialb.uni-bremen.de

Siebert, Markus
Institute of Electric Power Systems, 
Forschungsgebiet Elektrische 
Übertragungssysteme

Sonnenschein, Michael, Prof. Dr. 
Department of Computing Science, 
Environmental Informatics 
michael.sonnenschein@uni-oldenburg.de

Sood, Abha, Dr. 
Institute of Physics, 
AG Energy Meteorology
+49 441-36116-735 
abha@forwind.de

Sorg, Michael, Dipl.-Ing.
Bremen Institute for Metrology, 
Automation and Quality Science 
+49 421 218-64620 
sor@bimaq.de

Stahlmann, Arne, Dipl.-Ing. 
Franzius Institute of 
Hydraulic, Waterways, and Coastal 
Engineering, +49(0511)762-2584 
stahlmann@fi.uni-hannover.de

Steinborn, Thomas, Dr.-Ing. 
Institute of Building Materials Science
+49 511 762-3105 
t.steinborn@baustoff.uni-hannover.de
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