


 

 
 
 

ForWind –  
Center for Wind Energy Research 

Universities of Oldenburg and Hannover 
 

 
 

 
Annual Report 2006 

 
 
 
 
 
 
 
 
 

 
 

 
 

 



 

2 Annual Report 2006 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ForWind 

Center for Wind Energy Research of the Universities of Oldenburg and Hannover 

Marie-Curie-Straße 1 
D-26129 Oldenburg 
Germany  

Fon: +49 (0)441 361 16-720 
Fax: +49 (0)441 361 16 739 
e-mail: info@forwind.de 



 

 Annual Report 2006 3 

Contents 
Preface 5 
1 Organisation 6 

1.1 Research Institutes 6 
1.2 Associated Members of ForWind 6 
1.3 Steering Committee 6 
1.4 Advisory Board 7 

2 List of Activities 8 
2.1 Research Projects 8 
2.2 Transfer & Development Projects 8 
2.3 Other Projects 8 

3 Chronicle 2006 9 
4 Research Projects 11 

4.1 Turbulence Modeling and Turbulence Interaction (I) 11 
4.2 Offshore Wind Energy Meteorology: Characterization of the Marine 

Atmospheric Boundary Layer (II) 17 
4.3 Wind Power Forecasting and Grid Integration (III) 22 
4.4 Environmental Loads on Offshore Wind Energy Converters (IV) 29 
4.5 Fatigue Assessment of Support Structures of Offshore Wind Energy 

Conversion Systems (V) 36 
4.6 Condition Monitoring and Damage Detection on Structures of Offshore 

Wind Turbines Using Measured Modal Quantities (VI) 41 
4.7 Modeling Soil-Structure-Interaction for Offshore Wind Energy Plants (VII) 47 
4.8 Grid integration of Offshore Wind Energy Parks (VIII) 55 
4.9 Integrated Modeling of Offshore WEC (IX) 59 

5 Development Projects 67 
5.1 Finalized Projects 67 
5.2 Modeling of Interaction Mechanisms in the Dynamic Behavior of 

Offshore WEC (EP 8) 68 
5.3 Simultaneous measurement of wind velocity and power output data / 

Analysis of power characteristic (EP 9) 72 
5.4 Joint design of precast concrete towers for Wind Energy Converters 

subjected to fatigue loading (EP 10) 75 
5.5 Study on a new airfoil design with respect to drag in turbulent flows (EP 

11) 77 
6 Other Projects 78 

6.1 Decentralized Energy Management (DEMS) Project – Wind Power and 
Load Forecast 78 

6.2 ANEMOS - Development of a Next Generation Wind Resource 
Forecasting System for the Large-Scale Integration of Onshore and 
Offshore Wind Farms 80 



 

4 Annual Report 2006 

6.3 POW’WOW - Prediction of Waves, Wakes and Offshore Wind 81 
6.4 ModObs 82 
6.5 GROW – Grouted Connections for Offshore Wind Turbine Structures 84 
6.6 Pushing Offshore Wind Energy Regions (POWER) 85 
6.7 Postgraduate professional education programme “Wind Energy 

Technology and Management” 87 
6.8 ForWind Course of Lectures 89 
6.9 EU Study on GIL Application to Connect Off-shore Wind Farms 91 

7 Available Products 92 
7.1 Wind Farm Layout Programme (FlaP) 92 
7.2 HanOff 93 
7.3 WaveLoads 93 
7.4 Hugin 94 
7.5 FALCOS 95 
7.6 Power curve 96 

8 Publication List 97 
8.1 Articles 97 
8.2 Conference Contributions 101 
8.3 Book Contributions 103 
8.4 Other Publications 104 

9 Lectures at Universities 104 
10 PhD Theses 104 
11 Diploma, Master, and Bachelor Theses 105 
12 Student Research Projects 105 
13 Annex 106 

13.1 List of ForWind Staff Members 106 
13.2 Associated Staff Members 111 



 

 Annual Report 2006 5 

Preface 
 

 

After a period of 3 years since foundation in 2003, ForWind, the Center for Wind Energy 
Research at the Universities of Oldenburg and Hannover, passed a phase of check and 
confirmation in 2006.  

The evaluation process, carried out by an external agency engaged by the Ministry of 
Science and Culture from the federal state of Lower Saxony, started with a symposium in 
Oldenburg end of March focusing on the future of wind energy research. In addition to this 
the advisory board started its activities. The evaluation ended in September with the 
following essentials: The scientific work and level, the successful application for research 
funding as well as the national and international network of ForWind was confirmed and 
appreciated. The support of the label ForWind and the internal scientific cooperation should 
be improved.  

Here we present our third annual report with focus on our research activities. You find 
detailed reports on the research projects and the transfer projects. In addition to that, 
information about the organisation of ForWind, a chronicle of the year 2006, product 
descriptions and other projects are given. 

Besides the running research projects, which are described in this annual report, a number of 
challenging national and European projects in the wind energy sector have been tackled. In 
Germany the so called Offshore Wind Energy test area in Borkum-West is going to be 
installed within the next years. The accompanying research program was designed with 
support from ForWind. A number of bigger joint research projects have been canvassed in 
2006, three of them under the leadership of ForWind members. 

In August Germany´s first academic further education studies particularly for the wind energy 
industry started with a group of 24 students. The number of applicants was twice as high. 
The high demand for qualified employees from the wind industry will guarantee the success 
of this teaching supply. 

The spokesmen want to express their gratitude to the federal state of Lower Saxony for the 
financial aid and furthermore their cordial thanks to the advisory board as well as to the 
project partners in science and industry and all staff members for the fruitful cooperation. 

The renewable energy sector is one the most vital domains. Climate change, security of 
supply and sustainable development are fundamental challenges to be met in the coming 
decades, in which energy is one of the key elements. In this frame we wish all the best and 
success for the future of ForWind. 

 

 

Hannover and Oldenburg in April 2007 

 

 

Prof. Dr.-Ing. Peter Schaumann   Prof. Dr. Joachim Peinke 

Spokesman     Vice-Spokesman 
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1 Organisation 
ForWind combines the research activities in the field of wind energy of the universities of 
Oldenburg and Hannover. The administrative office of ForWind is located in Oldenburg.  

Since 2006 a formal agreement of both universities exists to form a corporate research 
center as a joint institution. 

1.1 Research Institutes  
Research activities are done in the following institutes:  

Carl von Ossietzky University Oldenburg:  

• Institute of Physics - Energy and semiconductor research laboratory  
• Institute of Physics - Hydrodynamics and wind energy  
 
Leibnitz University Hannover:  

• Institute for Steel Construction   
• Institute of Fluid Mechanics and Computer Applications in Civil Engineering   
• Institute of Electric Power Systems   
• Institute for Structural Analysis  
• Institute of Soil Mechanics, Foundation Engineering and Waterpower Engineering  
• Institute of Building Materials  
• Institute of Concrete Construction  
• Institute for Drive Systems and Power Electronics   
 

1.2 Associated Members of ForWind  
• Endowed Chair of Wind Energy, University of Stuttgart  
• Institute for Soil Mechanics, Foundation Engineering, Rock Mechanics and Tunneling, 

University of Duisburg-Essen  

1.3 Steering Committee   
The Steering Committee of ForWind consists of four heads of enlisted institutes and the 
CEO. In 2006 the constitution has changed:  

Prof. Dr.-Ing. Peter Schaumann (Spokesman)  

Prof. Dr. Joachim Peinke (Vice Spokesman, temporary Managing Director since March 2006)  

Dr. Detlev Heinemann   

Prof. Dr.-Ing. Dr. hon. Werner Zielke  

Dr. Marcel Krämer (CEO until Februray 2006) 

Prof. Dr.-Ing. Raimund Rolfes (since 1st January 2007) 
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1.4 Advisory Board  
Prof. Dr.-Ing. Erich Barke President of the Leibnitz University Hannover 

Jos Beurskens Energieonderzoek Centrum Nederland (ECN) & 
European Wind Energy Agency (EAWE) 

Dr. Jörg Buddenberg EWE AG 

Prof. Dr.-Ing. Günther Clauss Technische Universität Berlin 

Michael Freisen Hochtief AG 

Prof. Dr. Klaus Hulek Leibnitz University Hannover 

Jens-Peter Molly German Wind Energy Institute (DEWI) 

Prof. Dr. Matthias Niemeyer Salzgitter Mannesmann Forschung GmbH 

Prof. Dr. Jürgen Schmid Institut für Solare Energieversorgungstechnik   

(ISET) 

Prof. Dr. Uwe Schneidewind President of the University of Oldenburg 

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

Matthias Schubert REpower systems 

 
 

 
 

Participants of the second advisory board meeting at ForWind Oldenburg,18th September 
2006. From left to right: Prof. Dr. Klaus Hulek (University of Hannover, on behalf of Prof. Dr.-Ing. 
Barke), Prof. Dr. Matthias Niemeyer (Salzgitter Mannesmann), Dr. Hans Schroeder (MWK), Prof. Dr.-
Ing. Peter Schaumann (ForWind), Dr. Jörg Buddenberg (EWE AG), Dr. Bernhard Lange (ISET, on 
behalf of Prof. Dr. Schmid), Prof. Dr. Joachim Peinke (ForWind), Dr. Detlev Heinemann (ForWind), 
Jos Beurskens (ECN), Dipl.-Ing. Michael Freisen (Hochtief), Dipl.-Ing. Matthias Schubert (Repower), 
Prof. Dr. Reto Weiler (Universität Oldenburg, on behalf of Prof. Dr. Schneidewind), Prof. Dr. Werner 
Zielke (ForWind) 
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2 List of Activities 

2.1 Research Projects 
I  Turbulence Modeling and Turbulence Interaction 

II  Offshore Meteorology 

III  Wind Power Forecasting and Grid Integration 

IV  Environmental Loads on Offshore Wind Energy Converters 

V  Fatigue Assessment of Support Structures of Offshore Wind Energy Conversion Sys-
tems 

VI  Condition Monitoring and Damage Detection on Structures of Offshore Wind Turbines 
Using Measured Modal Quantities  

VII  Modeling Soil-Structure-Interaction for Offshore Wind Energy Plants  

VIII  Grid Integration of Offshore Wind Energy Parks 

IX  Integrated Modeling of Offshore WEC 

2.2 Transfer & Development Projects 
EP 8  Modeling of Interaction Mechanisms in the Dynamic Behavior of Offshore WEC  

EP 9 Simultaneous measurement of wind velocity and power output data / Analysis of po-
wer characteristic 

EP 10 Joint design of precast concrete towers for Wind Energy Converters subjected to 
fatigue loading 

EP 11 Study on a new airfoil design with respect to drag in turbulent flows  

2.3 Other Projects 
• Decentralized Energy Management (DEMS) Project – Wind Power and Load Forecast 

• ANEMOS - Development of a Next Generation Wind Resource Forecasting System for 
the Large-Scale Integration of Onshore and Offshore Wind Farms 

• POW’WOW - Prediction of Waves, Wakes and Offshore Wind 

• ModObs 

• GROW - GRouted connections for Offshore Wind turbine structures 

• Partner in the EU-Project ‘Pushing Offshore Wind  Energy Regions’  (POWER) 

• Postgraduate professional education programme “Wind Energy Technology and Mana-
gement” 

• ForWind Course of Lectures 

• EU Study on GIL Application to Connect Off-shore Wind Farms  
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3 Chronicle 2006 
January, 8th CleanEnergyPower, Berlin 
  1 oral presentation  
January, 19th Live-interview on inland wind energy usage by M. Krämer for SR-

Fernsehen “Aktueller Bericht”  
February, 1st Journal report in neue energie “Die Langflügler kommen”, citation  J. 

Peinke 
February, 2nd ForWind Steering Committee Meeting, Hannover 
February, 8th TV-Report on Wind Power Forecasting in “Abenteuer Erde” by 

Hessischer Rundfunk (with L. v. Bremen) 
February, 20th Expert meeting at the Federal Ministry of Environment, Acoustic 

emessions of  building and operation of offshore wind enery plants, 
Dessau: participation 

February, 27th- 2nd Mar European Wind Energy Conference (EWEC), Athens 
 3 oral presentations  
 7 poster presentations  

March, 14th “Innovationsforum zukünftige Energieversorgung” (innovation 
workshop on future energy supply), Oldenburg: organizer 

March, 23rd Symposium “Forschung hart am Wind”, Oldenburg, including an 
exhibition of associated establishments (companies and institutions).  
First advisory board meeting of ForWind (in Oldenburg). 
First advisory board meeting of the further education programme 
“Wind Energy Technology and Management”. 

March, 25th Newspaper report in Nordwestzeitung about ForWind`s further 
education programme “Neuer Studiengang für Wind-Experten” 

March, 27th-31st Gesellschaft für Angewandte Mathematik und Mechanik (GAMM) 
Annual Scientific Conference 2006, Berlin 
 2 oral presentations 

April, 2nd – 7th  European Geoscience Union (EGU) General Assembly, Vienna 
 Organisation of a session “Wind Energy” 
 Invited talk (St. Barth) 
 1 oral presentation  

April, 4th Radio report by Deutschlandfunk – Campus und Karriere “Universität 
Oldenburg bietet Windenergietechnik und -management an”  

April, 16th -20th Hannover Messe 2006: stand 
April, 20th – 22th  OWEMES Conference, Civitavechia, Italy  

 2 oral presentations  
  1 poster presentation  
April, 24th Newspaper report in Financial Times Deutschland “Neue 

Windenergieparks müssen ins Wasser”, citation B. Oswald 
May, 2nd -17th August  Internship “Extreme Winds in the German Bight” 
 V. Layec, National Inst. for Advanced Techniques, Paris 
May, 8th – 26th  Visiting scientist at University of Santa Catarina, Florianopolis, Brazil  

L. v. Bremen 
May, 9th –10th INTERNATIONAL ENERGY AGENCY, ANNEX XI, Madrid, 48th IEA 

Topical Expert Meeting on “Operation and Maintenace of Wind 
Power Stations” – “Is there a need for future research?”: 

  1 oral presentation (J. Peinke) 
May, 16th -19th Wind Energy 2006: Presentation of the further education programme 

“Wind Energy Technology and Management” and participation at 
panel discussions on education and training 

June, 19th – 21st    Lecture on “Short-Term Wind Power Prediction” at 
University Carlos III de Madrid (J. Tambke) 
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June, 21st    Radio report on Environmental and Sustainability Research by NDR 
Info, LOGO – Das Wissenschaftsmagazin (with J. Peinke) 

June, 21st    Newspaper report “Küstenuni schärft Umweltprofil" in 
Nordwestzeitung 

August, 30th Beginning of the pilot course of the further education programme 
“Wind Energy Technology and Management” 

September, 4th - 9th POWER Offshore Summer School 2006: cooperation partner and 
organizer 

September, 8th Second advisory board meeting of ForWind (in Oldenburg). 
September, 18th ForWind steering committee meeting, Oldenburg 
September, 24th  Xi'an International Conference of Architecture and Technology 

(XICAT 2006), Xi'an, China  
 1 oral presentation (P. Schaumann) 

October, 3rd-4th   2nd PhD Seminar on Wind Energy in Europe, Risoe National 
Laboratory, Denmark 

  8 oral presentations 
October, 26th – 28th 6th  International Workshop on Large-Scale Integration of Wind 

Power and Transmission Networks for Offshore Wind Farms, Delft, 
Netherlands 

  2 oral presentations  
October, 26th  Special topic symposium, Danzig, Salzgitter Stahlhandel, oral 

presentation: "Tragstrukturen für Windenergieanlagen" (Schaumann) 
November, 2nd  FVS-Workshop „Energiemeteorologie“, Berlin 

 1 oral Presentation  
November, 22nd – 23rd 8th German Wind Energy Conference (DEWEK), Bremen 

 14 oral and poster presentations  
 ForWind stand at exhibition 

November, 22nd “Nordwest Award 2006” ceremony: The further education 
programme “Wind Energy Technology and Management” is among 
the eight finalists 

November, 24th  2. Forum Verbindungstechnologie, 23.-24. November 2006, 
München  
 1 oral presentation 

December, 4th ForWind members meeting, Hannover 
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4 Research Projects 

4.1 Turbulence Modeling and Turbulence Interaction (I) 
University of Oldenburg 

Institute of Physics – Hydrodynamics and wind energy 

Stephan Barth, Edgar Anahua, Julia Gottschall, Frank Böttcher, Gerrit Wolken-Möhlmann, 
Andreas Nawroth, Joachim Peinke 

Description 
The main topics of this research project were: 

• Modeling of small scale turbulence including the intermittent statistics 
• Wind turbulence interaction – dynamic stall 
• Turbulence correction of cup anemometers 
• Turbulence influence on the power production 

As will be shown in the following in details, good progress has been achieved in all topics. 
The research on the influence of turbulence on cup-type anemometers has just started, and 
first promising results were obtained. For the other topics considerable progress has been 
achieved which partially lead already to publications. 

For the modeling of turbulent wind field different new approaches has been found out, 
ranging from a generalized turbulence parameterization of different wind situation, which is a 
basis for a modeling ansatz. The direct modeling of wind field including small scale 
intermittency (and thus gusts in the second range) have been achieved by more less 
complicated routines, being more or less precise. In contrast to a simple toy model the most 
costly method even reconstructs in a correct manner any n-time correlations. In cooperation 
with the University of Münster (Prof. R. Friedrich) and the Fachhochschule Kiel (Prof. 
Schaffarzyk) we could estimate extra loads due to our new intermittent models, leading to the 
second topic of the wind turbulence interaction with a wind turbine. Here our experimental set 
up – the wind tunnel measurement – has been expanded. After the verification works we can 
perform measurements of the dynamic stall up to wind speeds of 50 m/s and of changing 
angle of attack up to 300°/sec. To further superimpose typical wind fluctuations an active grid 
for the inflow condition is under construction. 

A major progress has been achieved to understand the impact of high frequency turbulence 
on the power production of a wind turbine. An extended scientific article is submitted, in 
which we present a new stochastic analysis of the wind - power relation of a wind turbine. 
This analysis enables to extract a site independent power characteristic, and to obtain a 
power characteristic in a much faster way compared to standard methods. Our results have 
lead to invitation to the IEC norm meetings, as well as to a first industrial project. First 
attempts for an improved turbulence correction of a cup – anemometer have been 
successfully performed. Under laboratory turbulence conditions we could reconstruct from 
signals of the cup – anemometer more precisely the real mean velocity.  

Activities 

Modeling of small scale turbulence 
The challenging problem of small scale turbulence is to model the non-Gaussian small scale 
fluctuations, i.e. the gustiness of the wind. Standard wind field generators reproduce correctly 
the power spectra but show only Gaussian fluctuations. These fluctuations are best 
measured as velocity increments uτ = u(t+τ) – u(t) and its statistics. In Fig. 1 these statistics 
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for a turbulent flow are shown. In [1| we derived phenomenological parameterizations which 
allow to classify different wind situations. We have successfully analyzed wind data from 
offshore and different onshore sites (ranging from very flat terrain to highly rough mountain 
regions). 

 
Figure 1:  Probability density functions for velocity increments uτ = u(t+τ) – u(t) of a turbulent flow close 
to ideal laboratory conditions (left) and highly turbulent wind situations in a complex terrain (Alpes, 
right). Changing time steps from several hundred seconds (bottom) to msec (top). The drawn curves 
are our new empirical models for the statistics [1]. For clarity of presentation graphs are shifted in ver-
tical direction by arbitrary factors. Note the intermittent non-Gaussian shapes especially for small 
scales.  

Besides this characterization of different turbulent sites also progress in the detailed 
reconstruction of wind fields has been achieved. In [2] we succeeded to reconstruct in 
stochastically perfect way given turbulence data by means of measured stochastic 
processes. The reconstructed data have the same n-point correlations. This result was 
possible by the inversion of a stochastic cascade process, which describes the turbulent 
cascade, into a process which generates time series. 

 
Figure 2: Three runs of reconstructed time series, which have the same initial conditions. Left to the 
vertical line, the 200 data points, which were taken as initial condition from an experimental measure-
ment, are shown. On the right side the following 200 points from our reconstruction are shown. x(t) 
has been normalized to zero mean and is presented in units of the standard deviation of the whole 
dataset, after [2]. 
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At last a further alternative approach has been developed. The method is based on the 
superposition of several log-normally distributed time series with random fluctuations on 
different time scales. This simple approach is computationally very efficient and increasingly 
intermittent probability density functions can be obtained (see Fig. 3). Moreover, it can easily 
be generalized to generate two- and three-dimensional wind field data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Increment probability density functions for small, medium, and large scales (from bottom to 
top). The according time series was generated by a simple superposition model (see text). 

Wind turbine interactions – dynamic stall 
The properties of airfoils are characterized by the lift and drag forces (and their 
dimensionless coefficients cl and cd) acting on a foil for defined wind speeds and angles of 
attack. Under dynamic conditions, like a fast variation of the angle of attack, which is the 
case for wind energy plants in turbulent incoming flow, these coefficients vary highly from 
their values in steady conditions. This could dramatically increase the loads on windturbine 
blades and has to be taken into account when planning and constructing wind energy plants. 

For quantification of this effect, an 
experimental setup has been constructed and 
built in our wind tunnel, see Fig. 4.  

The last enhancements are an angular 
transmitter with an accuracy of 1/10 degree, 
an A/D converter for all 80 pressure signals, 
and alloy end plates for low torque of inertia to 
allow a wider range of angular velocities 
combined with a numeric step motor control. 

The foil can be rotated controlled by a step 
motor, the lift is determined via the pressure 
acting on the wind tunnel walls, which is 
measured by 80 pressure sensors on both 
sides. At first we have verified the quality of 
this setup, by comparing our measurements 
for a well-known profile and different fixed 
values of the angle of attack from the Althaus 
catalogue. Within the error bars we could 
reproduce the data from the literature. Based 
on this precision we were able in an 

Figure 4: Closed wind tunnel test section with  
mounted airfoil and wall pressure sensors. 
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Figure 5: Lift coefficient vs. angle of attack for steady and dynamic measurements. 
The overshoot of cl and the hysteresis can clearly be seen. 

independent industrial project to quantify the influence of dirt contamination of specific 
profiles. 

In addition to these static measurements now time series with a maximal angular velocity of 
300°/s have been recorded. The airfoil oscillated sinusoidal. Adjustable parameters were the 
mean angle of attack, the amplitude and the frequency. First results show the dynamic stall 
effect with an overshoot of about 20% over the static lift coefficient and a distinct hysteresis 
curve, see Fig. 5. Further increase of the angular velocity could increase the overshoot to 
even higher levels. Next we plan to work out a phenomenological model for the dynamic 
stall. 

Besides this controlled change of the angle of attack, an active grid is in construction with the 
aim to change the inflow condition in such a way that the above mentioned statistic of free 
wind fields are obtained, to simulate the working condition of wind rotor blades in the 
turbulent atmospheric boundary layer. 

Besides these experimental investigations, numerical simulations of this flow phenomenon 
have also been done. The description and results of the numerical simulations can be found 
in part B of research project IX in this report (see also [4]). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Turbulence correction of cup anemometers 
Another activity is the construction of new types of anemometers to overcome the problem of 
undefined turbulence correction to cup anemometers. A new method is described in [6]. 
Besides this new method we have applied also our stochastic data analysis, which we will 
discuss below again (for details of the improved method see [7,9]). For first measurements 
we could show that with a better data analysis we could extract from measured data of a cup 
anemometer improved values of the mean wind speed (neglecting the overspeeding effects 
of the anemometer). As a reference we measured simultaneously with a high resolution hot 
wire anemometer. These promising first results will be investigated in the future more 
extensively. 
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Turbulence influence on the power production 
A main result of our research work up to now is the improved determination of a power curve 
of a wind turbine. Using high frequency wind speed and power output data we are able to 
determine in a higher quality the basic characteristic. The principle idea is that we take the 
wind power relation as a dynamic process in which the wind speed in transformed into the 
power output. As also shown in detail in the report of the project EP 9 later on, we use noisy 
high frequency data (recorded for example at 10 Hz). Based on the theory of Markow 
processes and Kramers-Moyal coefficients we are able to treat dynamical as well as 
measurement noise, see [7]. This mathematically correct method enables us to estimate the 
power characteristics in a new quality. We can separate between deterministic and 
stochastic aspects of the power conversion process. The deterministic part can be used for a 
new definition of the characteristic power curve. Also we are able to use all information of the 
data correctly and thus our analysis is much faster than standard methods: Measurements of 
a few days seem to be sufficient for a characterization of a wind turbine. Furthermore the 
turbulent aspects are seen in the stochastic fraction, i.e., the deterministic part of the power 
response – the power curve – becomes independent of special turbulent wind conditions. 
This could be shown at least with realistic models. The work has led to the publications [10-
16], where [16] is an extended paper on this subject. Based on our results we were asked to 
participate in the IEC meetings on power curve definition and some first promising industrial 
projects have been established.  

 

Publications 
[1] Böttcher, F., St. Barth,  and J. Peinke: Small and Large Scale Fluctuations in Atmospheric 

Wind Speeds, Stochastic Environmental Research and Risk Assessment (SERRA) 21, 
299 (2007) 

[2] Nawroth, A. P., and J. Peinke: Multiscale reconstruction of time series, Physics Letters A 
360, 234 (2006) 

[3] Barth, St., F. Böttcher and J. Peinke: Superposition model for atmospheric turbulence, in: 
Wind Energy - Proceedings of the Euromech Colloquium, eds. J. Peinke, P. Schau-
mann, St. Barth (Springer, Berlin 2007) p. 115 -118  

[4] Stoevesandt, B., J. Peinke, A. Shishkin and C. Wagner: Numerical simuation of dynamic 
stall using spectral/hp method, in: Wind Energy - Proceedings of the Euromech Collo-
quium, eds. J. Peinke, P. Schaumann, St. Barth (Springer, Berlin 2007) p. 241 - 244  

[5] Wessel, A., J. Peinke and B. Lange: Modelling turbulence intensities inside wind farms, in: 
Wind Energy - Proceedings of the Euromech Colloquium, eds. J. Peinke,  P. Schau-
mann, St. Barth (Springer, Berlin 2007) p. 253 - 256  

[6] Peinke, J., and M. Hölling: Sensorik (tech. Informationen niedersächsischer Hochschulen) 
2, 8, (2006) 

[7] Böttcher, F., J. Peinke, D. Kleinhans, R. Friedrich, P.G. Lind and M. Haase: Reconstruc-
tion of complex dynamical systems affected by strong measurement noise, Phys. Rev. 
Lett. 97, 090603 (2006) 

[8] Siefert , M., and J. Peinke: Joint multi-scale statistics of longitudinal and transversal in-
crements in small-scale wake turbulence, Journal of Turbulence 7, (No 50) 1-35 (2006). 

[9] Hölling, M., St. Barth, J. Peinke and J.-D. Rüedi: Using laser cantilever anemometry un-
der various flow conditions, PAMM 6, 525 (2006) 

[10] Gottschall, J., E. Anahua, St Barth and J. Peinke: Stochastic modelling of wind speed 
power production correlations, PAMM 6, 665 (2006) 
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[11] Peinke, J., E. Anahua and A. Rauh: Dynamic response of wind turbines to turbulent 
wind, Proceedings EWEC 2006, http://www.ewec2006proceedings.info/ 

[12] Anahua, E., St. Barth and J. Peinke: Characterization of the wind turbine power per-
formance curve by stochastic modeling, Proceedings EWEC 2006,  
http://www.ewec2006proceedings.info/ 

[13] Anahua, E., St. Barth and J. Peinke: Characterisation of the power curve for wind turbi-
nes by stochastic modeling, in: Wind Energy - Proceedings of the Euromech Collo-
quium, eds. J. Peinke, P. Schaumann, St. Barth (Springer, Berlin 2007) p. 173 - 177  

[14] Böttcher, F., J. Peinke, D. Kleinhans and R. Friedrich: Handling systems driven by diffe-
rent noise sources: implication for power curve estimations, in: Wind Energy - Procee-
dings of the Euromech Colloquium, eds. J. Peinke, P. Schaumann, St. Barth (Springer, 
Berlin 2007) p. 179 - 182  

[15] Rauh, A., E. Anahua, St. Barth and J. Peinke: Phenomenological response theory to 
predict power output, in: Wind Energy - Proceedings of the Euromech Colloquium, eds. 
J. Peinke, P. Schaumann, St. Barth (Springer, Berlin 2007) p. 153 -158  

[16] Anahua E., St. Barth and J. Peinke, Markovian Power Curves for Wind Turbines, sub-
mitted to Wind Energy 
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4.2 Offshore Wind Energy Meteorology: Characterization 
of the Marine Atmospheric Boundary Layer (II) 

University of Oldenburg 

Institute of Physics - Energy and semiconductor research laboratory 

 Abha Sood, Kay Suselj, Jiri Beran, Barbara Jimenez, Detlev Heinemann 
 

Description 
To fulfill the ambitious goal of developing 20-25 GW installed capacity at offshore locations 
until 2030 in Germany  which will cover more than 15% of the domestic electricity demand, a 
precise assessment of the offshore wind field characteristics and resources of the lower 
atmospheric boundary layer in the German Bight is required. The offshore wind energy 
resources are of particular interest since they do not compete for land use and have higher 
wind speeds than onshore.  In this project, the offshore wind field and the processes in the 
boundary layer are examined at time scales ranging from tens of minutes to a few decades. 
Among other factors, the description of the long-term variability of the wind field is of crucial 
importance to predict the actual wind resources and to estimate the expected energy 
production.  

Approaches & Activities 
The large scale circulation pattern determines the structure of the offshore  boundary layer 
flow and air-sea interaction whereas the more complex features of the flow over the land-sea 
transition zone is moderated by the mesoscale circulation. In the German Bight, the relation-
ship between the North Atlantic Oscillation (NAO) and the surface wind fields is examined in 
the NCAR/NCEP reanalysis and the MM5 simulations. The influence of NAO on the regional 
circulation and the properties of the marine atmospheric boundary layer relevant for wind 
energy harvesting are examined. Equally important are the extreme wind speeds, which are 
extrapolated from the FINO-1 platform measurements and the NCAR/NCEP reanalysis  data. 

Since the marine atmospheric planetary boundary layer is significantly affected by different 
physical properties of the sea surface compared to the soil and land surface properties on-
shore, we investigate the impact of high resolution Sea Surface Temperatures (SST) and 
simulated humidity conditions on the wind power resources over the North Sea. The simula-
tion errors of the wind profile are the largest at the air-sea interface. The impact of variable 
surface roughness due to waves at the is investigated in a simple 1 dimensional modelling 
approach (Section 5.3) and requires to be extended to a more realistic 3-dimensional non 
local simulations for improvement of the wind profile of the lower planetary boundary layer 
flow. Alternative concepts to account for  the sea surface roughness are investigated to im-
prove the description of the boundary layer flow for wind energy applications of site and 
resource assessment and the wind power forecasts from the Numerical Weather Prediction 
(NWP) models. 

For the site assessment studies at locations without high resolution long term 
measurements, a new approach to downscale the mesoscale features of the flow over 
complex terrain onshore and offshore is developed. The offshore simulations  are validated 
using in situ. datasets from the FINO-1 platform. For further downscaling to include the small 
scale effects such as wakes in wind farms are investigated using the Ansilie Model and Farm 
Layout Program (FlaP). 
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Wind resources and extreme wind conditions in the North Sea 
The climate of the winds above the north-western Europe at 10 meters height is investigated 
and related to the large scale atmospheric circulation patterns. The winds tend to be 
strongest in the cold part of the year and weaker in the warm part of the year (Fig. 1). The 
predominant direction of the winds is south-westerly, while the north to north-westerly winds 
seems to also often detected, especially in the late spring and summer.  

 

 

 

 

 

 

 

 

 

 
 

Fig. 1  Seasonal probability distribution of the wind speeds (left, in percent) and wind angles (right, 
normalized to 1). 

To determine the long term extreme wind speed, first the measurements and the long term 
dataset for the overlapping periods are compared in Tab. 1 for the DWD weather station at 
Borkum, with a long (10 years) measurement record (10m) and a high correlation coefficient 
(r=0.83) to the offshore site FINO-1 (100m).  

Tab.1 : Parameter of the Weibull distribution for Borkum, (10 m) 

Dataset Scale Factor C [m/s] Form Factor k 

DWD Messungen 7,71 2,28 

ERA-40 (ECMWF) 8,83 2,23 

NCEP/NCAR 8,73 2,13 

 

The short time period (2004-2006) measurements of the FINO-1 site are extended to the 10 
year period at Borkum. The “Annual Maxima Method” using the Gumbel distribution is then 
used to compute the hourly and maximum wind speed with 50 year return periods. However, 
for the maximum wind speeds related to the wind gusts, no gust data is available for 
correlations to reconstruct the long term time series. 

Numerical modelling of the offshore flow: SST and the boundary layer flow 
The significantly different physical properties of sea surface compared to the soil and land 
surface properties onshore modifies the overlying planetary boundary layer characteristics 
quite significantly. In the following, the standard computations of the wind resources is 
compared with the estimates from the 4km x 4km resolution  mesoscale model (MM5) 
simulations in the German Bight. Furthermore the impact of high resolution SST's in the 
quality of the forecast fields is also examined. 
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Fig. 2  Extreme hourly mean (left) and maximum (right) wind speeds with up to 50 year return periods.  

 

Fig 3. Average wind power density (July 2004) computed from the mesoscale model (MM5) 
simulations  and the deviations from the standard computations 

 
Fig. 3 shows the available average wind power density based on the MM5 mesoscale model 
simulation for the summer month, July 2004 which takes all additional relevant fields such as 
humidity and the SST's into consideration  and the over-estimation of the order of 6-8% 
produced on using only average wind speed based wind power density estimates at 100m 
height in the German Bight. In contrast, over the land the wind power is somewhat (2-6%) 
underestimated. This may be due to more moist surface conditions over the sea with lower 
air density. The sharp land sea transition is well represented in the monthly average wind 
density (Fig 3, top). 
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Air-Sea Interaction and the Land-Sea transition 
To assess the influence of the high resolution (from 0.5° to 0.111°) SST and also to describe 
the coastal influence on the forecasts, 24 stations are selected along the German Bight and 
mean bias and standard deviation of the model to measurement difference are shown in Tab. 
2. For the spring 2005 period, the influence on mean bias is not statistically significant, but 
lowered standard deviation values has been found at most offshore stations for high 
resolution SST data. 

 
Tab. 2.: Bias and standard deviation for validation sites. 

 
 
 

Downscaling 
To provide wind profile information in heights relevant for wind power utilization appropriate 
downscaling algorithms have to be introduced to infer this data from other available data 
sources. For this purpose, the mesoscale model MM5 has been used to downscale NCEP 
FNL global analysis data as well as a WasP-based technique. Alternatively a downscaling  
technique has been developed for further local refinement to adjust to the very fine scale 
surface conditions (Fig. 4). The results show a significant deviation between the different 
approaches. 

 

hires SST FNL SST hires SST FNL SST

Name WMO id bias bias stdev stdev Location
FINO1 101m 0.10 0.46 3.11 3.17 Sea

Debu 10007 0.15 0.02 2.16 2.22 Sea

Westerland 10018 0.55 0.55 2.25 2.32 Island

Alte Weser 10124 -1.67 -1.78 2.50 2.58 Island

Helgoland 10015 -0.57 -0.66 2.35 2.40 Island

List auf Sylt 10020 0.43 0.42 2.11 2.24 Island

Huibertgat 6285 0.25 0.18 2.21 2.17 Island

Norderney 10113 1.88 1.72 2.33 2.40 Island

St.Peter-Ording 10028 1.19 1.30 2.30 2.33 Coast

Emden 10200 1.25 0.12 2.03 1.58 Coast

Wilhelmshaven 10127 0.96 0.99 2.03 2.01 Coast

Gluecksburg 10033 0.20 0.32 2.29 2.28 Coast

Bremerhaven 10129 0.26 0.32 1.85 1.86 Coast – town

Cuxhaven 10131 -1.05 -0.96 2.02 1.99 Coast – town

Eggebek 10034 0.16 0.31 1.71 1.71 Land

Leck 10022 -0.17 -0.09 1.87 1.90 Land

Schleswig 10035 0.60 0.68 1.66 1.64 Land

Jever 10112 0.84 0.81 1.58 1.57 Land

Nordholz 10136 0.32 0.34 1.64 1.68 Land

Hohn 10038 0.37 0.41 1.78 1.80 Land

Witmund 10126 0.60 0.61 1.54 1.55 Land

Itzehoe 10142 0.71 0.80 1.70 1.74 Land

Jagel 10037 -0.12 -0.09 1.78 1.82 Land
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Fig. 4: One-hour profiles in the MM5 simulations (black),using u*MM5, zo,MM5 computed by MM5 at the 
surface (orange),derived from the log-linear simulated profile (blue) and the raw measurements (red). 

 

Outlook 
The focus of our work there are ongoing efforts: 

Dynamical downscaling to 3km x 3km using the numerical weather prediction model  WRF 
(V. 2.2) from NCEP/NCAR for the FINO-1 measurement period (2004-2006) 

To validate the lower boundary layer parametrisation in the mesoscale models modify in the 
above simulations to suit the marine conditions. 

To study the wind climatology based on the reanalysis datasets and mesoscale simulations 
of the past climate and the future climate scenarios for the North Sea within the framework of 
a new EU Marie-Curie RTN project (MODOBS). 

To investigate the air-sea interaction supported by simulation of coupled atmosphere-wave 
numerical models (WRF-LES) within the framework of OWEA or DFG projects 

To develop an operational setup for short term numerical wind field forecast  optimized for 
monitoring and management of offshore and coastal wind farms.  
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4.3 Wind Power Forecasting and Grid Integration (III) 
University of Oldenburg 

Institute of Physics - Energy and semiconductor research laboratory 

Lueder von Bremen, Jens Tambke, Nadja Saleck, Ulf Gräwe and Detlev Heinemann 

Description 
The project aims to support scientifically the development of tools and strategies for the 
integration of wind power into current and future electricity supply structures. The work is 
focused on five research topics: i) wind power forecasting for individual wind farms 
(on&offshore) using Neural Networks ii) estimation of wind power forecasting uncertainties, 
iii) modelling thermal stability of the atmosphere for physical wind power forecasting, iv) 
modelling of wind speed profiles in the marine planetary boundary layer and v) simulation of 
wind power forecast skills and smoothing effects for German Offshore wind parks in the 
North Sea.  

Activities 

i) Neural Networks in Wind Power Forecasting 
The base of wind power forecasting is Numerical Weather Prediction (NWP). For this study 
data from the European Centre of Medium-Range Weather Forecasts (ECMWF) is used. In 
general deficiencies in the predicted wind power are supposed to be related to the 
uncertainty in NWP. But also the algorithms themselves (physical or statistical, e.g. Neural 
Networks) contribute to the observed discrepancy between forecasted and observed power.  

There are two options to retrieve a wind power algorithm with Neural Networks (NN) using 
NWP data and historic wind power data: I) Analysed wind speeds and observed historic wind 
power generation are used to find the algorithm that represents the power curve of the wind 
turbine in the best possible way. II) Forecasted wind speeds are used to train the NN, i.e. 
uncertainty and bias (between analysis and forecast) of the NWP system is already implicitly 
considered.  

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Sectoral dependent wind power curve retrieved with a Neural Network. 
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As only the two wind speed components are used as input to the NN, a sectoral dependent 
power curve can be plotted (Fig. 1). It represents the found relationship between wind and 
power output. In the case of the shown power curve (trough) the power output of the 
considered wind farm is reduced for south-east wind directions by any not further specified 
reason, which can be seen by the dent in the 3-d power curve. 

The use of analysed or forecasted wind speeds in the algorithm development is equivalent in 
terms of resulting algorithm (Fig. 2) and also with respect to the quality of forecasted wind 
power (not shown). Over a wide range the dashed and solid lines in Fig. 2 are 
indistinguishable. 

 
 
 
 
 
 
 
 
 
Figure 2: Fitted power curve to analysed (blue, dashed line) and forecasted (black, solid line) wind 
speeds from ECMWF for wind directions 140° to 160°(left) and 220° to 240° (right) using a Neuronal 
Network.The two cross sections are related to the 3d power curve in Fig. 1. Blue stars ∗ (grey dots •) 
represent observed wind power and analysed (forecasted) wind speed data pairs used in the NN train-
ing.  

The length of the training period of the Neural Network must usually be at least 120 days 
(Fig. 3) as otherwise the found algorithm is not general enough to give good results. Care 
must be taken that not only the characteristics of the training data set are reproducible. As 
the computational cost increases while more data pairs are included in the training, it was 
tested how often the algorithm needs to be updated. The algorithm looses its generality 
whenever wind statistics or local conditions at the wind park are changing in time. Most 
important is the seasonal cycle in wind speeds.  For offshore wind parks (Arklow Banks, 
Tuno Knob), the NN training needs to be repeated every 60 to 90 days to avoid systematic 
wind power forecasting errors. 

 
 

 
 

 
 

 
 

 
Figure 3: Normalized root mean square wind power forecast error for Arklow Banks against lead time. 
The training period of the NN varies between 15 and 180 days. The upper black line represents the 
persistence forecast. 

18 0d 
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ii) Estimation of wind power forecasting confidence intervals 
For the grid management and trading of wind power generation, it is necessary to have on 
one hand an accurate deterministic forecast and on the other hand the underlying probability 
distribution. In recent years much progress was achieved in the development of advanced 
deterministic forecast methods. To give uncertainty estimates, state of the art models are 
ensemble predictions or power curve mapping of the error distribution of the wind forecast. 

A new method to estimate the probability distribution of the forecast error is developed where 
the forecasted wind power time series itself carries the uncertainty information, which is 
extracted by five different measures. Two of them are physically motivated (time series 
energy and gradients), two are probabilistic measures (entropy and jump-entropy), and also 
the Lyapunov exponent of the time series is used. The evolution in time of the standard 
deviation of the forecast error is estimated by combination of these five measures. This 
standard deviation is the input to the Fokker Planck equation. It is solved for lead times up to 
72 hours and describes the evolution of the forecast error distribution.  

The developed algorithms were tested in three case studies: FINO1-mast, EWE-Region with 
an installed wind power capacity of approx. 2.3 GW and for Germany with an installed 
capacity of approx. 17GW. The validation of this new method has shown that for all test 
cases the confidence intervals can be estimated with an error of ± 2-5% of the empirical 
coverage.  

The developed tools allow for a good resolution of the confidence levels (Fig. 4) and the 
rather inexpensive (little) amount of input information (i.e. the time series of wind power 
forecast) is sufficient to fulfil this task.  
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Figure 4: Deterministic wind power forecast (red line) with confidence intervals. 

 

iii) Explicit thermal stability modelling in physical wind power forecasting 
The new wind power forecasting system Hugin was used to investigate the impact of 
different extrapolations of 10m wind speeds to hubheight. The thermal stratification of the 
atmosphere influences the shear of the vertical wind speed profile. The impact of turbulence 
generation (suppression) in an instable (stable) stratified atmosphere on the wind shear is 
described with Monin-Obukhov-Theory. The required Monin-Obukhov length is calculated by 
two different approaches: i) vertical temperature gradient and ii) sensible heat flux. The 10m 
wind speed, vertical temperature gradient and sensible heat flux are given by the ECMWF 
model. As a reference the logarithmic wind profile under the assumption of a neutral 
atmosphere is applied. As a forth method wind speeds that are interpolated between forecast 
model levels are used.  

The comparison is done for the EWE region in North-West Germany with a rated wind power 
capacity of 2.3 GW for the year 2004. Only the 00UTC forecast run is considered and the 
forecast horizon is 72h. 
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The diurnal systematic forecast error (predictions minus observation) is very pronounced 
using the logarithmic wind profile in neutral condition (green line in Fig. 5, left). At night the 
wind power is underestimated as increased wind speeds at hubheight due to thermal 
stabilization of the atmosphere can not be considered. The opposite effect occurs during the 
day while wind speeds at hubheight are overestimated. In fact, they are lowered due to 
turbulent mixing compared to the (neutral) logarithmic wind profile.  

The effect of thermal stratification is overestimated using the sensible heat flux to calculate 
the Monin-Obukhov length (black line), i.e. the atmosphere is predicted to be too stable 
during night and too instable during the day. The bias in the forecast error is almost 
equivalent for model level winds and calculation of the thermal stability with the temperature 
gradient. However, the RMS forecast error is smallest for model level winds (Fig. 5, right). 
The forecast of the temperature gradient is suspected to be an additional source of 
uncertainty. 

 
 

 

 

 

 

 

 

 

 
Figure 5: Bias and RMS of wind power forecast error in the EWE region (2004). The predictions are 
done with model level winds (red), the (neutral) logarithmic wind profile (green), sensible heat flux 
(black) and temperature gradient (blue) to calculate the wind speed at hubheight. 

 

iv) Wind power forecast studies for the German offshore wind parks in the 
North Sea 
The integration of large shares of wind power from large-scale offshore wind farms is very 
challenging and economically important. In particular, the German 25 GW offshore wind 
power scenario is very ambitious to this respect. In this study the aspect of wind power 
predictability using state-of-the-art meteorological data from the European Centre for 
Medium-Range Weather Forecasts (ECMWF) is adressed. Weather analysis and forecasted 
wind speeds in high spatial resolution (40km) are analyzed for the years 2001-2005 to show 
anticipated forecast performance. The aggregation of wind power from regional distributed 
offshore wind farms is the key factor to reduce the anticipated forecast error significantly. The 
overall RMSE forecast error is 15% for day-ahead and 21 % for the two-day-ahead forecast 
(Fig. 6, left). 

Error smoothing is particularly strong in high wind situations and helps to reduce the regional 
forecast error (Fig. 6, right), as forecast errors balance themselves in a wider region. This is 
related to the nominal speed of the turbines power curve that uncorrelates the wind power 
forecast error from the wind forecast error (for high wind speeds). Low wind power 
production can be forecasted with a higher skill than intermediate production, as these 
weather situations are linked to stable high pressure systems, which have in general a better 
predictability. In general, the impact of forecast error smoothing is lowered for higher forecast 
steps as the impact of analysis errors on the entire forecast in the German Bight grows.  
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Figure 6: Root mean square wind power forecast error (RMSE) (left) for the German offshore wind 
park scenario (April 2001-July 2005). The regional forecast errors are divided into forecasted wind 
power production classes of installed capacity (<10.2% (black, ◊), 10.2-95% (blue, ∆), >95% (green, ×) 
and all classes (orange, □)). The error smoothing factor (right) is defined as the ratio of regional fore-
cast error divided by single site forecast error.  

 

v) Wind speed profiles in the marine planetary boundary layer 
 

Wind Profiles at FINO 1 
The vertical wind profile above the sea needs to be modelled with high accuracy for tip 
heights up to 160m for wind resource assessments, estimation of loads and wakes and also 
for short-term wind power forecasting. Completing our work in the EU-project ANEMOS, we 
analysed marine wind speed profiles that were measured at the met mast FINO1 (103m) in 
the North Sea. Like in previous analysis at Horns Rev, we found pronounced effects of 
thermal stratification (Fig. 7). The wind shear is significantly higher than expected with 
common Monin-Obukhov theory (Fig. 8) for stable stratification cases. A meteorological 
interpretation might be a less extended (thinner) logarithmic layer than observed onshore 
and a lower onset of the atmospheric Ekman layer. Both effects are modelled in the ICWP 
approach. 

 

 
 

 
 

 
 
Figure 7: Average observed wind speed profiles at FINO1 in 2004, normalised with the speed at 33m 
height. Only cases with wind speeds between 4m/s and 30m/s at 103m height and wind direction be-
tween 190° and 250° are considered. The profiles are sorted according to the wind speed ratio be-
tween 51m and 33m height as an indicator for the thermal stability of the atmosphere. The neutral 
ratio was determined from situations with wind speeds higher than 20m/s at 30m height. The percent-
age values indicate the frequency of occurrence. 
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Figure 8:  Measured ratio between the wind speeds at 103m and 33m versus thermal stability parame-
ter 10m/L at FINO1, derived from the Bulk Richardson Number.  

ICWP model 
A new parameterization for thermal stability was implemented in the analytical model of 
marine wind speed profiles (ICWP-model) according to observed wind speed profiles at 
FINO1. The flux of momentum through the Ekman layer of the atmosphere and the sea is 
described by a common wave boundary layer. The good agreement between our theoretical 
profiles and observations at Horns Rev and FINO1 support the basic assumption of our 
model that the atmospheric Ekman layer begins between 10 and 30m above the sea surface 
(Fig. 9). 

 
Figure 9: Average “open sea” wind profiles at FINO 1 for the undisturbed sector (190° - 250°) and wind 
speeds greater than 4 m/s at 103m height (2004).  

Numerical downscaling with mesoscale models 
In order to overcome the problem of rare and expensive offshore wind speed measurements 
for wind resource mapping, downscaling with mesoscale simulations is a very often used 
methods. The validation of the downscaling with the mesoscale model (MM5) is done with 
the wind speed measurements at FINO1 (103m height) for the year 2004. The statistical 
parameters of the Weibull distribution are given in Table 1 and Fig. 10 shows the excellent 
agreement between the wind speed distribution from FINO1 and MM5. It can be seen that 
the German Weather Service (DWD) and ECMWF wind speed analysis are slightly different. 
ECMWF tends to overestimate lower wind speeds, i.e. the grid size is about five times the 
one of the DWD model.  
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  Fino MM5 DWD ECMWF 

A[m/s] 10.9 10.9 10.8 10.7 

K 2.12 2.24 2.06 2.15 

U[m/s] 9.69 9.63 9.53 9.30 

 
Table 1: Weibull parameters of wind speed distribu-
tions in 103m height at FINO1 in 2004: Observation, 
MM5-simulation, DWD and ECWMF analysis. 

 
The averaged marine wind field above the North Sea as calculated with MM5 shows a good 
agreement with the wind speed analysis of (DWD) (Fig. 11). The variance of wind speeds in 
the MM5 simulations is less pronounced. 

 

 
Figure 11: Mean 103m wind speeds in the German Bight, DWD-Analysis left and MM5 simulation right 
for 2004. 
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Figure 10: Wind speed distribution in 103m height 
at FINO1 in the year 2004. FINO1 measurement, 
MM5, DWD and ECMWF analysis. 
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4.4 Environmental Loads on Offshore Wind Energy 
Converters (IV) 

University of Hannover 

Institute of Fluid Mechanics and Computer Applications in Civil Engineering  

Werner Zielke, Maria Blümel, Kim Mittendorf 

Description 
Knowledge of the wave loading is essential for the design of offshore wind energy structures. 
In the last annual report, the developed methods for this task have been validated for some 
cases. 

The structural load F due to waves for hydrodynamically transparent cylinders is calculated 
with the Morison equation [1], which is a summation of drag and inertia forces. F is the force 
per unit length experienced by a cylinder. 
 

 dz
t

uD
CdzuuDCF

h

M

h

D !!
""
#

#
+=

$$
%

&&
42

1
2

 (1) 

 

with ρ fluid density, D pile diameter, h water depth, z spatial coordinate, u horizontal particle 
velocity, CD drag coefficient, CM inertia coefficient. 

The particle kinematics needed for the application of the Morison equation are determined by 
a suitable wave theory.  

This report extends last year’s to the calculation of wave loads for irregular waves with 
several wave models. For that the calculated results are compared with measurements in the 
Large Wave Channel (GWK). It also includes a comparison of two methods of 
measurements of significant wave parameters in the North Sea on the FINO1-platform. 
These sea state parameters were measured with buoy and radar and are presented in more 
detail in [2]. 

Activities 

Validation of wave load determination with measurements 
The considered experiments were performed in the Large Wave Channel (GWK). They 
consisted of regular and irregular waves on a vertical pile [3]. Water elevation and velocities 
were measured during the experiment. The pile was 7.26 m long and had a diameter of 
0.7 m. 

In this section calculation of irregular waves in WaveLoads is validated. For validation 
several experiments were evaluated, two of these are presented here (experiment number 
13109807 and 13109810). The wave parameters are listed in Table 1. 

No. Water depth [m] Hs [m] Τp [s] Sample rate 

13109807 4.76 1.00 6.00 0.01 s 
13109810 4.76 1.20 8.00 0.01 s 

Table 1: Parameters of the experiments in the Wave Channel. 

Recalculation of experiment 13109807 
In Fig. 1 the target and measured spectra of the water elevation are shown. Fig. 2 shows the 
load spectra from measurement, linear superposition and local Fourier approximation (LFA). 
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All in all good accordance is observed, there remains to find the cause of the additional 
peaks from the LFA. The comparison of measured and simulated loads in the time domain 
gives also satisfying results (Fig. 3).  

 

 
Figure 1: Energy density spectrum, measured 
(blue) and target (red). 
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Figure 2: Load spectrum, measured (black), linear 
simulation (cyan) and LFA (red). 
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Figure 3: Comparison of measured and simulated wave loads, 13109807. 

Recalculation of experiment 13109810 
The waves in this experiment are higher and steeper than in the previous. The total 
agreement in time domain is still acceptable although the deviation between measurement 
and simulation of the load is larger (Fig. 4). 

For calculating the loads, constant hydrodynamical coefficients were used. One of the 
reasons for the deviation could be that the coefficients were not adapted during calculation. 
This effect has not been studied in detail but it is to be presumed that the results could be 
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improved through usage of adaptation e.g. least-squares-method. The measured and 
simulated spectra show good accordance (Fig. 5).  
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Figure 4: Comparison of measured and simulated loads, 13109810. 
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Figure 5: Load spectrum, measurement (black), linear simulation (cyan), LFA 1st (red), LFA 2nd 
(green) and LFA 3rd (yellow). 

Comparison of wave measurements by buoy and radar 
In this part measurements in the North Sea on the FINO1-platform are compared. There the 
sea state is measured as well as the wind. For the sea state two types of gauges have been 
installed.  

Wave measurements 
The significant wave parameters are measured with a buoy and with radar (WaMoS – Wave 
Monitoring System). The buoy is located 200 m from the platform whilst the radar is located 
on its north corner. The buoy measures significant wave heights, peak periods, wave 
direction and one-dimensional spectra. The WaMoS-Radar also determines the significant 
parameters and additionally measures high resolution 2-D-spectra. 

During measurement there occurred significant wave heights of 0.2 m - 6.3 m in the buoy 
measurement and of 0.6 m - 5.8 m from the radar in the considered data. Also the range 
in peak periods differed; for the buoy 2.5 s - 20 s and 4.7 s - 11.8 s for radar. Here 
measurements from September 2003 until May 2005 were used. For approximately half of 
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the time data from both systems is available. For the analysis of the wave spreading a 
shorter time period was considered. 

Wave heights, periods and directions 
In Fig. 6 and Fig. 7 scatter plots for significant wave height and peak period are shown. In 
both figures the range due to accuracy of the measurement is included. The deviation is 
marked, especially for the peak periods.  

 

 

 
Figure 8: Part of time series during which largest deviation in Hs occurs. 

Fig. 8 shows part of the time series when the deviation in wave height is largest. This figure 
shows an otherwise good accordance except for January, 9th when the high waves occurred. 

Fig. 9 shows the wave directions. Here the accordance during periods of higher waves is 
fine.  

Especially during periods of lower significant wave heights the deviation between buoy and 
radar is large. This is plausible as the systems have a different range. The radar requires a 
minimum wave height of ca. 0.5 m (see [4]), thus small significant wave heights can not be 
obtained. 

 

 
Figure 7: Scatter plot for peak periods Tp of buoy 
and radar. 

 
Figure 6: Scatter plot for significant wave heights 
Hs of buoy and radar. 
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Figure 9: Wave directions for different wave classes, wave classes according to buoy. 

Wave spreading 
As has been shown in previous studies (e.g. [5]) wave spreading is of significance in load 
calculation. In the following investigations data from April till September 2004 is used. Both 
systems use different definitions for calculating the spreading.  
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Fig. 10 shows the two parameters during June 2004. They show similar tendencies. 
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Figure 10: Spreading parameters in June 2004. 

Of more interest is the influence of wave direction and significant wave height shown in the 
two methods. Regarding the influence of wave direction the buoy shows rather uniformly 
distributed spreading. In contrast the radar shows a wider range in spreading when the 
waves come from open sea, Fig. 11. Both measurements show smaller spreading for higher 
waves, Fig. 12. The buoy shows a wider range of spreading for low waves. 

 

 
Figure 11: Spreading parameter depending on wave direction. 
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Figure 12: Spreading parameter depending on significant wave height Hs. 

Conclusion 
For calculation of wave loads from irregular waves by linear superposition as well as by LFA 
satisfying results have been achieved. Even with constant parameters measured and 
calculated forces show a good likeness. 

The data obtained by buoy and radar measurements show variations of different magnitudes 
within the measurement range. Measurement with buoy and radar of significant wave height 
and peak period differ especially in the range of lower significant wave height. These 
deviations are partly explained by the difference in minimal values of individual wave height 
measurable by both systems. 

The measurements by buoy and radar also give different spreading characteristics. In the 
radar results effects from the geography are observed, spreading varies more when waves 
come from open sea (western and northern directions) than from shore. 
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4.5 Fatigue Assessment of Support Structures of Offshore 
Wind Energy Conversion Systems (V) 

University of Hannover 

Institute for Steel Construction 

Peter Schaumann, Fabian Wilke 

Description 
Regarding the planned German wind farms most of the support structures will be located in 
regions with water depths between 20 and 50 m. For these water depths, different types of 
support structures are currently discussed [1]. To some extent the monopile, although the 
simplest solution, can be considered as the state of technical knowledge, being the preferred 
design concept for medium water depths.  

At these structures grouted joint connections are used for the transition between substructure 
and tower. Grouted joint connections are well known in oil and petroleum industry. They are 
mainly used for transfer of axial loads in members of lattice structures. In contrast to its 
original application, the design of grouted joints for offshore wind energy conversion systems 
(OWECS) is driven by the predominating bending moments due to wind and waves. Thus, 
the longitudinal stresses according to beam theory are superimposed by secondary 
ovalisation stresses of the geometric nonlinear connection. This effect is increased by the 
high slenderness ratios of current support structures which lie outside the range of tests 
performed in the past and specified in the offshore design standards. Regarding the material 
it is common practice in offshore wind energy industry to use high performance concrete 
(HPC) for the grouted connections. So far limited knowledge exists regarding the fatigue 
characteristics of the brittle grout material itself.  

In design practice the lack of knowledge about both the structural behaviour and the material 
is often compensated by a very conservative dimensioning and design. Therefore large scale 
tests of grouted joints have been performed in the research project V to study their load 
bearing and fatigue behaviour. 

Activities 
Within 2006 the work has been concentrated on grouted joint connections, which is one of 
the three work packages of this project (for an overview see Annual Report 03/04). As 
already pointed out, geometrical parameters of modern OWECS support structures usually 
do lie outside the specifications of actual offshore standards (for instance DNV [2] or 
NORSOK [3]). Nowadays support structures reach slenderness ratios for the pile of Dp/tp of 
100 and beyond. Test experience for axially loaded grouted joints only exists up to 
slenderness ratios of about 60. Furthermore a lower limit for the overlap length Lg of 1.5times 
the piles outer diameter is recommended for monopile structures. Even the use of  high-
strength concrete is not covered by all standards. In terms of the loading type ‘bending’ the 
experience is very limited. Although grouted joints recently have been used in different wind 
park projects, only one bending test has been carried out by the University of Aalborg (Tech-
Wise [4]) during the design phase of the Danish Horns Rev wind park. The specimens used 
for those tests had a pile diameter of 457 mm and a slenderness ratio of 72 for the pile 
section. 
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Test Concept: 
 

   
Fig.1:  Left: small scale specimen, right: setup of the  large scale test  

 
The tests have been realised with a two-step approach:  In a first phase axially loaded small 
scale specimen have been tested (see left side of Fig. 1). Besides comparison with existing 
design formulas these tests provided a basis for benchmarking of material models for further 
FE implementations. In the second step large scale tests have been performed with pure 
bending. The dimensions of the specimen have been chosen according to the geometric 
parameters of actual monopile support structures of OWECS.     

Both test series – performed on the specimens with the dimensions given in Table 1 – have 
been carried out with and without shear keys. The specimen were provided by Vallourec & 
Mannesmann Tubes and SIAG Stahlbau AG. 

Table 1: Geometric parameters of the test specimen 

 Small scale tests  Large scale tests 

 Dp [mm]  60.3  Dp [mm]  800 

 Dp/tp [-]  5.5  Dp/tp [-]  100 

 tg [mm]  19  tg [mm]  20 

 Ds/ts [-]  14.3  Ds/ts [-]  107 

 Lg  1.5 x 
Dp 

 Lg   1.3 x 
Dp 

 

Material: 
For the grout a HPC with a mean compressive strength of about 130 MPa (see Table 2) has 
been used. The material as well as support during the grouting procedure has been provided 
by DENSIT A/S. Compressive strength and bending tensile strength have been tested while 
the authors did not perform own fatigue tests within the research project. Results of tests with 
normal strength concrete have been summarized in a state-of-the-art-report by the CEB 
(1988) [5]. Also S/N-curves covering compressive strengths up to the high-strength region ≤ 
100 MPa are given in Model Code 90 [6] together with the extension for high performance 
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concrete by CEB [7]. Actual tests at the Leibniz University of Hannover, presented by Lohaus 
and Anders [8], have shown an increasing sensitivity to fatigue with increasing compressive 
strength. This behaviour might be attributed to the increased brittleness of high strength/high-
performance concrete. Regarding the used material reference is made to tests of the 
University of Aalborg in 2004 [9]. Results of these test fit well to those of normal strength 
concrete. 

Table 2: Material properties of the DENSIT S5 material used for the tests 

 fcm
 I)  fck

 I)  ft II)  E 
II)   υ 

II) 

 [N/mm²]  [N/mm²]  [N/mm²]  [N/mm²]  [ - ] 

 133  123  7  50000  0.19 
I) own test, II) data provided by DENSIT A/S 

 

Small scale tests: 
As stated in the standards [2], [3] the ultimate load of the connection strongly increases with 
application of shear keys. Due to the additional mechanical interlock the load carrying 
behaviour changes from a frictional type to a strut and tie model. Two typical load-
displacement curves obtained from the tests are displayed in Fig 2. The kink in the curve of 
the specimen with shear keys at about 50% of the ultimate load is caused by transverse 
cracking of the bottom compression strut.  

 
Fig. 2: Load-displacement curves for the different small scale specimen 

 
Comparison with the regulations of DNV shows that the characteristic values obtained for the 
specimen with shear keys are slightly lower (-9%). Due to the big scatter in results for the 
specimen without shear keys, which is typical for imperfection driven load-carrying 
mechanisms, the characteristic capacities lie far below the recommendations of [2], [3]. The 
tested capacities are even reduced if the bending moments due to imperfections of the 
loading platens are excluded by numerical analysis. Thus, from the knowledge gained so far, 
the authors recommend to use shear keys also for monopile structures with relatively low 
axial forces. In addition to the static test the specimens with shear keys have been loaded 
dynamically with an upper load level corresponding to a stress range of more than 
140 N/mm² in the pile section.  Even after 2 Million cycles the specimens nearly reach the 
load of the static test (Fig. 2). This behaviour is in compliance with the energy based models 
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as the dissipated energy during fatigue loading is less than the energy contained in the static 
envelope. The local deterioration around the shear keys with simulated damage values D 
greater than 1 does not reduce the ‘global’ capacity. With regard to a FE-based design 
procedure this means that the localized damage around the shear keys need not to be 
considered in the global analysis without loosing too much accuracy [10]. 

Large Scale Tests: 

 
Fig. 3: Setup of the large scale grouted joint test 

The tests have been carried out as four-point bending tests shown in Fig. 3. The total length 
of the beam is 7500 mm. Each specimen is equipped with 34 strain gauges (SG) measuring 
the most important longitudinal and hoop stresses. Additionally 9 linear variable 
displacement transducers (LVDT) have been applied to measure deflection and local 
deformations of the transition steel-grout. 

 

Fig. 5: Development of specimen stiffness k during loading 

All specimens have been tested at first with a bending moment at the upper range of the 
service load level (2 million cycles). After this test phase, where no deterioration or cracking 
could be observed, the specimen subsequently have been loaded 250’000 times with the 
ultimate bending load including safety factors. While no major stiffness loss occurred in this 
phase (only 4% of the relative stiffness, compare Fig. 5), a distinct cracking was observed 
due to hoop stresses in the grout. It must be noted that cracking hardly had an influence on 
the specimens load bearing behaviour. 

Based on the test experience a design method for dynamically loaded grouted joint 
connections has been developed. See [11] for further details. 
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Outlook 
Future work regarding grouted joint connections will concentrate on: 
• realization of the last large scale tests (ultimate limit state tests)  
• further development of design rules for grouted joints 

In the last step of the research project ring flanges with large dimensions will be examined. 
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4.6 Condition Monitoring and Damage Detection on 
Structures of Offshore Wind Turbines Using Measured 
Modal Quantities (VI) 

University of Hannover 

Institute for Structural Analysis 

Johannes Reetz, Wolf-Jürgen Gerasch, Raimund Rolfes 

Description 
In order to observe damages on supporting structures of offshore-windturbines at an early 
stage and to avoid proceeding damages, a damage detection system is developed. This 
system enables a maintenance control with remote monitoring. For this purpose a new 
approach for model based identification is used based on measuring dynamic quantities. 

The damage diagnosis is based on damage parameters. These parameters are identified by 
means of dynamic quantities of the supporting structure. These dynamic quantities are 
symptomatic. In a measurement data acquisition they could be measured. Furthermore a 
validated mathematical model of the supporting structure is required in order to model based 
parameter identification. The identification of the damage parameters is carried out with the 
approach of an inverse identification method introduced in ref [1]. 

A common supporting structure for both onshore and offshore windturbines is the monopile. 
Hence, at first the investigations are limited to monopiles. To allow for efficient condition 
controlled maintenance of the supporting structure of wind turbines periodic accessibility is 
necessary. This requirement cannot always be satisfied as the tower structures are difficult to 
access. 

A validated numeric model is required for model based damage identification. This model is 
established using finite element method (FEM). Therefore, a huge amount of FE-programs is 
available. For the purpose of using the model matrices of the FE-model in further 
computational steps, the program Comsol shows the best adequacy. An introduction in 
modeling with Comsol is given in ref [2]. 

The investigations apply to damages which influence the stiffness of the supporting structure 
including e.g. unscrewed bolted joints, damaged welded joints, reduced cross section by 
means of corrosion, change of clamping. 

According to this there are regions of the supporting structures which are predestined for 
damages, e.g. bolted joints, welded joints, cross-sectional changes, clamping and the splash 
zone. These regions are parametrised in the FE-model as shown in ref [3]. 

The information about the dynamic behaviour required for the damage diagnosis has to be 
measured at the supporting structure. For this purpose the supporting structure does not 
need to be excited. In ref [4] an overview ot the current methods of modal analysis is given. 

The current state of the supporting structure is given by damage parameters of the numerical 
model identified by means of measured data. An overview of the methods for model updating 
is given in ref [5]. 

First of all the ill-posed identification problem is a disadvantage. It motivates to a new 
approach for a model based damage identification method by means of multiparameter 
eigenvalues. The use of this approach for model updating is discussed in ref [6]. 
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Activities 

Supporting structure 
In order to show that this method works for early damage detection, a validation of the 
method is carried out. Both, simulations with FE-models as well as model tests on lab 
models are performed. 

Finite element simulations 
In these simulations the identification and the diagnosis is investigated without consideration 
of the influences of the modelling and the measuring. 

The results of the simulations are preliminary performance features of the method. Model 
tests have to verify these features. Thereby the numerical models should be incomplex in 
order to easy verifiability, high speed computation and restraint of source of error. 

The features of the investigated method, e.g. robustness, linearity, sensitivity and the results 
of the simulations are shown in ref [1]. 

Model tests on lab models 
The lab model is designed as a reproduction of the supporting structure of a wind turbine. 
Hence, the lab model demonstrates a supporting structure, which has a similar dynamic 
behaviour as the supporting structure of a wind turbine. According to this the lab model 
consists of a bending beam clamped at one end. 

Simplifying the lab model is regarded as two dimensional, nonlinear effects are not 
considered, the dimensions and masses are manageable and the applied damages are 
reversible. Three dimensional effects are omitted as flat-bar steel is used. Therefore, the 
vibrations about the minor axis are independent of the vibrations about the mayor axis. The 
construction material steel has linear stress-strain relations. The hight of 2 m and the mass of 
less than 50 kg of the lab model are manageable in the lab. In order to avoid destruction of 
the lab model through the application of damages, reversible damages were applied. For this 
purpose the lab model consists of multiple structural parts. The damage is equivalent to the 
replacement of a structural part with a structural part with a lower stiffness. 

The model tests of the lab model should confirm the results of the simulations. Hence, the 
lab model must have the same operating range as the FE-model. Therefore, the dynamic 
behaviour of the lab model can be considered as two dimensional. Furthermore the lab 
model has five structural parts where damages can appear. The frequencies range from 0,8 
Hz to 16 Hz, in which the measurement of these eigenfrequencies (EF) is common. 

The clamping of the bending beam is realised by a relatively heavy-weight, stiff and 
adjustable base. The connection between the bending beam and the base is ensured by 
bolted joints. 

But even this base represents an elastic restraint with an unknown magnitude. As described 
in section Identification, the numerical model has to be adjusted to the lab model. To account 
for the correct approximation of the elastic restraint in the FE-model, a preliminary model 
consists of only one structural part, the uncertainties of the multiple structural parts and the 
connections between them are avoided. 

Measurement data acquisition 
In order to obtain characteristic dynamic quantities of the dynamic behaviour off the 
supporting structure, the vibration of the lab model is measured only at one measuring point. 
The excitation could be an impulse, natural excitation or white noise. 

For contactless measurement, a laser analyser with a sampling rate of 40 kHz is used as 
sensor. The measurement without contact has special importance because no added 
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masses are applied, e.g. from sensors or cables. The data interpretation with Fast Fourier 
Transformation (FFT) provides a set of the first EF’s of the lab model. 

Modelling 
Using model based identification, mathematical models are required to describe the 
supporting structures. The FE-method is appropriate to form this model. The FE-model has 
to represent the dynamic behaviour of the lab model in the investigated operating range. 

The FE-programm chosen for the investigations is Comsol. This program has essential 
advantages compared to other programms because of an interface between Comsol and 
Matlab. Via this interface the information about the model could be exchanged. Thus, the 
mathematical model represented by the model matrices is available for further steps of 
identification. 

The FE-mesh consists of beam elements. In order to take into account the elastic restraint, 
the base of the lab model is not modelled directly. Rather the elastic restraint is 
approximated in the FE-model using torsional and translational springs. 

Influence of boundary conditions 
The necessity of modelling the elastic restraint is shown in Fig. 29 in ref [7]. The adjustment 
of the first five EF versus the relative elastic restraint is demonstrated. Once the restraint is 
not clamped anymore, the restraint has an important influence on the quantity of the EF. 
Because clamped restraints are unfeasible in practise on both supporting structures and lab 
models, the modelling of this elastic restraint has special importance. 

Mesh fineness 
The model based identification makes high demands on the mesh fineness of the FE-model. 

On the one hand an accuracy of the FE-model concerning the EF is required. The error in 
the EF of the FE-model caused by an erroneous modelling has to be lower than the 
adjustment of the EF of the lab model caused by a damage which should be detected. 

On the other hand limited computational capacities according to the state of the art require 
small FE-models because of the increasing dimension of the multiparameter eigenvalue 
problem (MPEWP) with the dimension of the FE-model. 

Assembling 
The Assembling of the model matrices of the FE-model for the initialisation of the model 
matrices is essential. This feature is offered by hardly any FE-program. The assembling is 
conducted in three steps. 

First of all the FE-model is set up in Comsol. This FE-model should be tested, e.g. if the 
solved EF’s are correct. Than the complete information about the FE-model are exported via 
the interface to Matlab. With the aid of this information, the matrices can be assembled in 
Matlab. One should test the correctness of the model matrices. 

The second step is the parametrisation. In order to get the global model matrices – the so 
called substructure matrices – of a part of a FE-model, the assembling described is carried 
out. For this purpose all entries of the model matrix, that do not belong to the substructure, 
are set to zero. This step is achieved by setting the stiffness of the associated elements in 
the FE-model to zero. The model matrix of the changed FE-model is assembled and the 
substructure matrices are received. The development of this step for all parts of the FE-
model leads to all substructure matrices. The totality of these matrices leads again to the 
model matrices. Thus, the parametrised model matrices according to != ii

AaA  from ref 
[3], see also ref [6], exist. 
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In order to decrease the dimension of the model matrices a model reduction is carried out. 
Thereby all degrees of freedom (DOF), which have no influence on the dynamic behaviour in 
the investigated frequency range, are eliminated. For this purpose additional boundary 
conditions are considered. After this step the correctness of the FE-model should be tested. 

Identification 
In order to supply a correct FE-model as well as to diagnose the damages of a supporting 
structure, the identification is multifunctional. Firstly, the established FE-model has to be 
adjusted to the actual dynamic behaviour of the lab model. Secondly, the damages have to 
be identified using the approach mentioned in the introduction. The results are a validated 
FE-model which has equal dynamic behaviour as the lab model as well as the ability to carry 
out damage detection. 

Model updating 
Firstly, a verification adjusts the FE-model to the actual dynamic behaviour of the lab model. 
The dynamic quantities – in particular the EF’s – of the updated FE-model have to agree with 
the measured EF’s of the lab model. 

The adjustment results from parameter identification with the approach of an inverse 
identification mentioned in the introduction. For this purpose the substructure matrices of the 
parametrised model have to be present, see also section Modelling. The model has to be 
parametrised so that the parameter which has to be adjusted belongs to the supporting 
structure and the springs of the elastic restraint, respectively. 

The analysis of the supporting structure, see also section Measurement data acquisition, 
provides the current EF of the lab model. A comparison of the calculated EF’s using the FE-
model and the measured EF’s of the lab model show that they do not correspond. 

The results of the identification are the correction parameters of the associated substructure 
matrices. The updating of the FE-model with these parameters leads to the updated FE-
model. For this purpose the stiffnesses of the structural parts of the FE-model are multiplied 
by the parameters. After this the EF’s calculated with this updated FE-model agree with the 
measured EF’s of the lab model. The model is verified. 

However the validated model has to agree with the supporting structure also for different test 
data. In order to validate the FE-model it should be tested, whether the same adjustment of 
the FE-model and the lab model leads still to an agreement of the dynamic behaviour. 

For this purpose both changes of the stiffness and changes of dimensions or masses, e.g. 
applying added masses, could be carried out. If the models correspond the validated model 
exists. 

Damage identification 
For damage identification the questions arise, if there is a change in stiffness of one of the 
structural parts predestined for damages, where this damage occurred and which level of 
damage is present. In order to answer these questions of detection, localisation and 
quantification, the mathematical model has to be parametrised so that every parameter 
belongs to one observed structural part. Furthermore the current EF’s of the supporting 
structure are acquired. The identification leads to the desired damage parameters. An 
example is given in ref [1]. 

According to the state of the art, the calculating capacities are limited. Thus, a so called loop 
parameter concept is followed up. This concept is advantageous because of the fast 
identification and the added conditions for the localisation. 

Thereby the FE-model is not constant parametrised with many parameters ai for all structural 
parts. The FE-model is rather parametrised using two parameters aL and aR, whereupon one 
parameter aL loops through the FE-model looking for the damage. 
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It is assumed, that first of all one damage occurs in one structural part before further 
damages in other structural parts arise. 

The procedure is, that firstly one structural part is parametrised with aL and the rest of the 
FE-model is parametrised with aR. For this parametrisation the damage parameters aL and aR 
are identified with the measured EF. 

This step is repeated for all structural parts of the supporting structure. Damage parameters 
aL for all structural parts are obtained and associated damage parameters aR for the rest 
parts, respectively. 

From the assumption mentioned above it follows for the localisation that if a loop parameter 
1!

L
a  and the rest parameter 1!

R
a , there is the damage. Added conditions for localisation 

arise from the existence of more measured EF than damage parameters. 

Example 
An example illustrates this procedure. The given lab model has a 
damage in one of the five structural parts and the FE-model exists, 
see Figure 1. The stiffness in the damaged part is decreased by 
20%. The objective is to establish this damage by means of three 
measured EF. The damage identification firstly shows a change of 
damage parameters as detection. The localisation works because 
of only in the actual structural part with the damage the rest 
parameter 1!

R
a . The quantification leads with the quantity of the 

loop parameter of aL = 0,77 to the quantity of damage of 23%. This 
quantity corresponds approximately to the actual damage of 20%. 

 

 

Conclusion 
A method for early damage detection for supporting structures of offshore wind turbines is 
introduced which is able to establish damages by means of a few measured dynamic 
quantities. 

The method has advantages particularly for the application on offshore supporting structures 
from both, the straightforward and robust measuring technique for the determination of the 
EF of the supporting structures and the fast damage identification, which enables a 
permanent monitoring. 

Further tests on lab models and supporting structures and FE-simulations are carried out in 
order to optimise the method. 
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4.7 Modeling Soil-Structure-Interaction for Offshore Wind 
Energy Plants (VII) 

University of Hannover 

Institute of Soil Mechanics, Foundation Engineering and Waterpower Engineering 

Martin Achmus, Khalid Abdel-Rahman 

Description 
Object of the project VII is the numerical modeling of the behaviour of foundation structures 
for Offshore Wind Energy Converters (OWECs). For that static, quasi-static cyclic as well as 
dynamic loads are to be considered. The working steps foreseen for the 5 year-duration of 
the whole project are shown in Fig. 1.  
 

 

Model generation
Gravity, monopile, tripod structures

Behaviour under static loads

Modelling for cyclic loading
Soil material laws for cyclic loading

Implementation in numerical models

Identification of typical loading conditions
Simulation of long term behaviour

Modelling for dynamic loading

Validation of simplified models

Software modules for integral 

modelling
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Figure 1: Working steps foreseen in the project VII 

 
In the first year numerical models for the monopile foundations, which are thought to have 
very good potential for safe and economic OWEC structures, have been established and 
their behaviour under static loads has been investigated. In the second year of the project 
this work was continued and parametric studies were carried out in that respect. 
Furthermore, methods to deal with the behaviour under cyclic loading were considered and 
analyzed. Also numerical models for suction bucket foundations were established and the 
performance of such foundations was compared to that of monopiles.  

During the third year, a parametric study of suction buckets with different diameters and 
penetration depths was performed. Also a three dimensional numerical analysis of tripods 
under horizontal loading was carried out and finally the behaviour of piles under combined 
axial and vertical loading was examined. The results obtained so far are summarized in the 
following sections.  

Activities 

Numerical Modelling of Suction Bucket Foundations 
The suction bucket was developed from the suction caisson foundation already used in the 
offshore technology (see e.g. Ibsen et al., 2004). In principle its behaviour can be considered 
as a combination of a gravity base and a pile foundation structure. The authors compared the 
behaviour of the suction bucket with the monopile in (Abdel-Rahman, Achmus 2006). 
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For the investigation of the behaviour of suction buckets under combined loading conditions 
a three-dimensional (3-D) numerical model was developed. In the present study, the finite 
element program ABAQUS 2006 was used to determine the load-deformation curves for  
buckets under combined horizontal and moment loading. An advanced computer system with 
parallel processor technology was used to minimize the computation time.  

The elasto-plastic material law with Mohr-Coulomb failure criterion provided in the ABAQUS 
program was used to simulate the soil’s stress-strain behaviour. This material law was 
extended in the elastic range by taking a stress-dependency of the oedometric modulus of 
elasticity into account. 

Due to the symmetric loading condition only a half-cylinder representing the sub-soil and the 
bucket could be considered. The discretized model area had a radius of at least three times 
the bucket diameter. The bottom boundary of the model was extended twice the bucket 
diameter below the toe of the bucket (Fig. 2). With these model dimensions the calculated 
behaviour of the bucket is not significantly influenced by the boundaries.  
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Figure 2: System and denominations (left) and Finite element mesh (right) for the suction bucket 
foundation. 

 
For the sandy soil as well as for the bucket 3-d continuum elements were used. The frictional 
behaviour in the different boundary surfaces between the bucket and soil was modelled 
using contact elements based on slave-master concept, whereby the wall friction angle was 
set to δ = 0.67 ϕ’. 

The study was carried out to investigate the influence of the load combinations (horizontal 
load / moment load) on the bucket behaviour, i. e. the horizontal displacement and the 
rotation of the bucket top plate for different cases. The bucket geometries considered for the 
analyses are summarised in Table 1. 

 
Table 1: Bucket geometries. 

 _______________________________________________ 
        Diameter            Wall          Embedded Length 
Case             D     thickness            L _______________________________________________ 
                 m         m           m _______________________________________________ 
  1         15.0       0.03           8.0 
  2         15.0       0.03         12.0 
  3         20.0       0.04         10.0 
  4         20.0       0.04         15.0 
_______________________________________________ 
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The finite element calculations were executed stepwise. At first, for the generation of the 
initial stress state the whole model area is discretized using soil elements only. 
Subsequently, the bucket is generated by replacing the soil elements located at the bucket 
position by steel elements and activating the contact conditions between both of them.  

Then a vertical load of 10.0 MN representing the own weight of the tower and the turbine is 
applied on the bucket. Finally the combined loading resulting from wind and wave loads is 
applied and increased incrementally until failure. 

Suction Bucket with  D = 15 m  and L = 8.0 m (case 1) 
The deformations and in particular the rotation of the foundation construction and thus the 
base of the wind tower are of special importance for the design of wind power plants, since a 
trouble free operation is only secured under relatively small tower inclinations. Therefore the 
computation results are presented as the horizontal displacement (w) and the rotation of the 
bucket (� ) at the connection of the bucket with the main tower.  

The upper bucket plate was modelled as rigid to take the stiffening plates connecting the 
bucket to the tower into account. Therefore the presented results are the displacement and 
the rotation of the bucket top plate.  

In Figure 3 the calculated load-displacement and load-rotation curves for the cases 1, i. e. 
bucket diameters of 15 m, are given. Each curve is valid for a specific height of the loading 
point (h) above the bucket top plate and thus for a specific ratio of moment and horizontal 
load (h=M/H).  

To cover all relevant load combinations for OWECs this value was varied between h=0 m 
(pure horizontal loading) and h=100 m. 

With the obtained load-deformation curves, interaction diagrams for horizontal and moment 
loading were derived. These diagrams are presented in Figure 4. The calculated load values 
for specific rotations of 0.1° and 0.25° and for failure of the foundation structure are depicted. 
The latter were determined by extrapolation of the load-deformation curve, if a horizontal 
tangent of the curve was not reached. In a first approximation, the interaction of horizontal 
load and moment can be described by the nearly parallel straight lines given in the diagrams.  

 
 

 

 
Figure 3: Load-deformation curves for suction bucket foundations in medium dense sand (D=15 m, 
L=8 m) 
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Figure 4: Interaction diagram for suction bucket foundations in medium dense sand (D=15m,  L = 8 m) 

In the interaction diagrams also a dashed line is included which implies a global safety factor 
of 2.0 versus failure derived from the load combinations for failure. So, with such interaction 
diagrams ultimate limit as well as serviceability limit design can be carried out. For a detailed 
analysis for the other cases (2,3&4) please refer to (Abdel-Rahman, Achmus 2006). 

Numerical Modelling of Tripod Structures 
The tripod consists of a spatial steel frame transferring the forces from the tower to primarily 
tension and compression forces in three hollow steel piles driven into the seabed, located in 
the corners of a triangle (see Figure 5). For the investigation of the behaviour of a laterally 
loaded tripod, a three dimensional (3-D) numerical model was established. The computations 
were done with the same program system ABAQUS (Abaqus 2006).  

For the main tower a diameter of D = 7.5 m and a wall thickness of  9.0 cm was assumed. 
This main tower was braced by  three diagonal members at  45.0° having a diameter D = 
2.0m and a wall thickness of 4.0 cm and another three horizontal members having the same 
dimensions as the diagonal bracing  transferring the loading to the legs (the piles).  

The piles are braced  together with three members having a diameter of 1.50 m and a wall 
thickness of 3.0 cm (Figure 5). The diameter of the supporting piles was chosen to be 3.50 m 
with a thickness of 6.0 cm. The embedded length was chosen to be 20.0 m. 

 
Figure 5: Dimensions of the proposed tripod (Richwien et al., 2002) 
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The loading consists of a resultant horizontal force acting at about 30.0 m above the sea bed 
level. Additionally, a vertical load was applied to take the structure’s weight including the 
turbine and the rotor into account (the same vertical load being used for the monopile 
foundation). For the sake of simplicity by the numerical modelling, the soil regions 
surrounding the piles were discretized separately.  The numerical model consists of three 
cylinders of a radius of 20 m, which is about six times the pile diameter. The bottom 
boundary of the model was taken 15 m below the base of the piles. With these model 
dimensions the calculated behaviour of the piles is not influenced by the boundaries.  

For the soil as well as for the pile 3-d continuum elements (C3D6&C3D8) were used. For the 
bracing members a 3-nodes beam element (B32) was used. The interaction behaviour 
between the piles and the sandy soil is simulated using contact elements between both of 
them. The maximum shear stress in the contact area is determined by a friction coefficient. 
For the calculations presented herein this coefficient was set to δ = 0.67 φ’. For the detailed 
analysis refer to (Abdel-Rahman, Achmus 2006). 

Under a design load of H = 8 MN (the same horizontal force used in the monopile-case) 
acting in the direction of the y-axis (axis of symmetry), – annotated as 2-axis in Figure 6 - the 
horizontal displacement of the main tower and the piles are shown in Figure 6, the tower 
displacement at sea water level amounts to be about w = 4.50 cm and the tower rotation is 
about 0.11°. 

 

 
Figure 6: Horizontal displacement of the main tower and the piles (medium-dense sand) 

 

Comparing these results with the monopile foundation system (Diameter=7.50m and 
embedded length 30.0m) under the same loading conditions, the tower displacement at sea 
water level was about 25.0 cm and the tower rotation was about 0.35° (Achmus & Abdel-
Rahman 2005). This means that the bracing between the piles and the main tower are 
enhancing the performance of the foundation. It is evident that the bracings are dominating 
the behaviour of the tripod and controlling the displacement of the piles. The authors found 
also that the embedded length has a small effect on the horizontal displacement of the tower 
(Abdel-Rahman, Achmus 2006). 
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Behaviour of Piles under Combined Axial and Horizontal Loading  
Tripod or jacket foundations can be applied for offshore wind energy converters (refer to the 
previous section). For these structures, driven steel pipe piles are used as foundation 
elements. The piles are driven through a pile sleeve fixed at the corner points of the 
foundation structure. After pile driving, the connection is carried out by means of grouting. 

The loads applied to these quasi-vertical piles differ greatly from typical onshore and also 
offshore structures, with more substantial lateral loading. These loads result from the 
combined actions of vertical dead load and horizontal loads due to wind and wave action.  

Current design practice involves separate analysis of the axial and lateral responses of piles 
and does not consider the effect of interaction between the different load directions.  

In this part, the results of a numerical study on the behaviour of vertical piles in sand under 
inclined compression and tension loads are presented. For this a three-dimensional finite 
element model using ABAQUS was used.  
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Figure 7: System and denominations 

 
Steel pipe piles with a length of 20.0 m and a wall thickness of 2 cm were considered. Two 
different outer diameters D = 2.0 and D = 3.0  m were chosen in order to study the effect of 
pile geometry. The piles were subjected to loads with various inclinations (� =0.0°, ±30.0°, 
±60.0°, ±90.0°) measured from the horizontal direction, whereby the positive sign of �  stands 
for compression loads and the negative sign for tension loads (Fig. 7). 

Due to the symmetric loading condition only a half-cylinder representing the sub-soil and the 
pile could be considered. The discretized model area had a diameter of twelve times the pile 
diameter. The bottom boundary of the model was extended by six times the pile diameter 
below the base of the pile.  

3-d continuum elements were used for the soil as well as for the pile. The frictional behaviour 
in the boundary surface between pile and soil was modelled by contact elements, where the 
wall friction angle was set to δ= 0.67 ϕ’. 

An elasto-plastic material law with Mohr-Coulomb failure criterion was used to describe the 
behaviour of medium dense sand. To account for the non-linear soil behaviour, a stress 
dependency of the stiffness modulus was implemented. The material behaviour of the piles 
was assumed to be linear elastic with the parameters E = 2.1⋅105 MN/m2 (Young’s modulus) 
and ν = 0.2 (Poisson’s ratio) for steel. For more details concerning the numerical model, 
please refer to (Abdel-Rahman, Achmus 2006). 
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Fig. 8: Horizontal displacement and settlement at the pile top dependent on horizontal load (inclined 
compression, D=3.0m, L=20.0m). 

 
The horizontal load deformation behaviour for the pile with a diameter of 3 m is shown in Fig. 
8 (left). Due to these results, the horizontal displacement is nearly independent of the load 
inclination and thus independent of a vertical load acting together with the horizontal load. 
Similar results were found experimentally by Sastry & Meyerhof (1990). Instead, the vertical 
displacement (settlement) of the pile is affected by a horizontal load. In Fig. 8 (right) the 
calculated dependence of settlement and vertical load for different load inclinations is given 
for the pile with a diameter of 3 m. The horizontal load has a favourable effect, since it leads 
to a stiffer behaviour in the vertical direction. 

 

        
Fig. 9: Horizontal displacement and settlement at the pile top dependent on horizontal load (inclined 
tension, D=3.0m, L=20.0m). 

 
In Fig. 9 (left)  the horizontal load-displacement behaviour with variable axial  tensile loads  is 
presented for the pile with a diameter of 3 m. As for the inclined compression case, at first 
there is no significant influence of the vertical load on the H-w-curve. But, from a certain load 
level which is dependent on the load inclination, the curves for inclined loads deviate from 
the curve for pure horizontal loading. Larger horizontal displacements then apply, i.e. the 
horizontal pile stiffness is decreased. 
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The respective vertical load-displacement curves for the case with D = 3 m are shown in Fig. 
9 (right). Here again, as for the inclined compression load, a significant influence of the 
horizontal load is found. The vertical pile stiffness is distinctly reduced when compared to the 
case with pure axial tension. But, on the other hand, a horizontal load increases the ultimate 
vertical pile capacity. Thus, the unfavourable effect of decreased stiffness is joined by the 
favourable effect of increased capacity. 

 

Behaviour of Monopile under quasi-static cyclic Loading 
Due to the fact that, the loads on foundations of offshore wind energy converters are of 
extremely cyclic nature, the effect of cyclic loading on the foundation behaviour should be 
investigated. For a monopile foundation system, a cyclic schema was already adopted and a 
new degradation stiffness model for the soil was developed and implemented in the 
numerical model to calculate the effect of cyclic load ratio and the number of the cycles on 
the behaviour of monopiles (Achmus et al 2007). 
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4.8 Grid integration of Offshore Wind Energy Parks (VIII) 
University of Hannover  

Institute of Electric Power Systems, Division of Power Supply  

Bernd R. Oswald, Jörn Runge, Ara Panosyan 

Description 
The research activities of research project VIII are divided into two main sub-topics: 

• Grid connection and operation 

• Wind energy generators and their control 

Work on the research topics started in 2005 was continued and further extended. 
Additionally, new research topics were investigated and covered within this sub-project. The 
research activities in 2006 were centred on the following fields. 

Activities 

Grid connection and operation 
Most of today's power transmission systems were designed to serve vertically integrated 
utilities, where the local electricity load demand was matched by local generation. Power 
transfers were therefore over relatively short distances, from large power plants to the load 
centres. Whereas large long-distance power transfers between interconnected systems were 
usually reserved either for predetermined amounts of power flows between the 
interconnected systems, or for emergencies, such as unexpected generation outages and 
sudden loss of power. This limited use of long-distance connections hence served system 
reliability. 

The liberalization of the electricy market has lead to the increase in power transfers from low-
cost generation areas to the load centres, which consequently resulted in an increase in the 
demand for power exchange over long distances between different parts of the power 
system. The emergence of ever larger unpredictable renewable energy sources like large-
scale wind parks, 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 capacity limits.  In order to face these growing challenges on the power system 
and ensure a stable and reliable power supply, transmission systems must be modernized to 
increase its capacity and efficiency to meet the rising demand, and flexibility to better react to 
more diverse generation and load patterns.  

Upgrading and reinforcing transmission systems are traditionally done by expanding the 
system with new transmission lines. The process to permit and build new transmission lines 
is however extremely difficult, expensive, time-consuming, and controversial. It is therefore 
necessary to look for alternative technologies that enable the better utilization of the existing 
transmission systems and hence increase the reliability and security of the power system. 
Power electronics based equipments and systems, like HVDC (High Voltage DC) and 
FACTS (Flexible AC Transmission Systems), are currently the key innovative technologies, 
which provide adequate solutions to the new system challenges, by increasing transmission 
system capacity and enhancing the operation and control of the entire power system. 

In order to study the analyse the behaviour of HVDC and FACTS and their impact on the 
power flow and node voltage, the steady state models of thyristor-based HVDC (“Classic”) 
and FACTS (SVC, TCSC, TCPS) have been previously developed. These were later 
complemented by the models of the new converter-based HVDC (“PLUS”, “Light”) and 
FACTS (STATCOM, SSSC, UPFC, IPFC), which were subsequently developed, and added 
to the simulation tool.  The different models were conclusively tested both separately and in 
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combination with other non-conventional devices on simple test systems. The different 
control modes of each device were also implemented and its effect on enhancing the system 
capacity and control were analysed. 

To illustrate one of the many advantages of FACTS devices, a simple case of applying an 
SSSC (static synchronous series compensator) device to control the power flow in the 
network is presented in Fig 1, where a wind park is connected to the grid by two parallel, but 
unequally long, lines.  

     Fig. 1: A simple network with a wind park infeed 

The fluctuating power supplied by the wind park to the grid over a period of 24 hours is 
shown in Fig. 2. Due to the different lengths, and hence the different impedances, of the two 
parallel lines, the power infeed from the wind park is unequally divided between them, which 
can lead to the shorter line being at risk of overloading. This can be avoided by controlling 
the power with the SSSC and keeping it at a certain limit (red line), which means diverting 
the power overflow to the lighter loaded line (green line). 

 

     Fig. 2: Power flow control with SSSC 

 
 

Wind energy generators and their control 
Due to the increased share of wind power in electricity generation, the general power system 
operation has to be supported by wind energy generators. The affects of frequency stability 
support using pitch control and of voltage stability support using reactive power control are 
shown in Figs. 1 and 2. To enhance the voltage recovery support of Wind Turbines equipped 
with Conventional Induction Generators or Doubly Fed Induction Generators (DFIG) a control 
of the rotor resistance (crow bar) was developed (Fig. 3). 
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Since all modern wind energy generator systems are equipped with converter technology, 
the modelling of this new technology becomes necessary. Especially, for ”Fault-Ride-
Through“ investigations, the control processes of connected converters are relevant. 
Therefore, the dynamics of the capacity of the dc-circuit and the connecting filter inductance 
are investigated. The modulation process, e.g. pulse width modulation, can be neglected, 
due to the high switching frequencies (500-1000HZ) of the converters. In the case of RMS-
simulations only the reference values of the chosen converter control strategy have to be 
known. In this context a detailed momentaneous value model of a 4-quadrant converter and 
its control was implemented.  The according equivalent circuit diagram and the complete 
functional block diagram can be seen in Fig. 3 and 4. Afterwards, it was possible to derive 
complete models of the DFIG, the Converter Drive Induction Generator, the Converter Driven 
Synchronous Generator and the Converter Driven Permanent Magnet Synchronous 
Generator. 
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     Fig. 3: Equivalent circuit diagram of a 4-quadrant converter 
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     Fig. 4: Functional block diagram of a 4-quadrant converter and its control 
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4.9 Integrated Modeling of Offshore WEC (IX) 
University of Hannover 

Institute of Fluid Mechanics and Computer Applications in Civil Engineering  

Werner Zielke, Martin Kohlmeier, Abderrahmane Habbar 

University of Oldenburg 

Institute of Physics – Hydrodynamics and wind energy 

Bernhard Stoevesandt, Christian Steigerwald, Joachim Peinke 

Description 
This project is focused on the development of an integrated modeling approach for the 
investigation of the dynamic behavior of an offshore wind energy converter (OWEC). It 
provides a flexible framework for the other research activities in ForWind. In particular, the 
results and improvements in the wind and wave modeling are implemented, and their impact 
on the structural response can be quantified. The work has been split into two parts. Part A 
consists of the modeling of the wave loads and the structural dynamics of the OWEC. Part B 
concentrates on the wind loads and the wind rotor interaction. 

Activities 

Part A: Integral Modeling of the Support Structure Dynamics 

Introduction 
The aim of the research project IX is to meet the demand of an integral simulation of offshore 
wind energy turbines. In an integrated model results of the research work should be 
incorporated and linked together. 

The achievement of an integrated model (IM) suffers from the diversity of different processes 
and process interactions to be taken into account for the analysis of an offshore wind turbine 
and its associated sub systems. We focus on modeling the support structure including the 
environmental loads and a simplified representation of rotor blades, generator gear box and 
control system. Thus, a flexible structure of the integral model is one of the main targets of 
current research. A well designed object-oriented and easily extendable set of models and 
interfaces have to be developed in order to fulfill future demands. 

Approach and development status 
The basic principles of the integrated model are related to the members of the ForWind 
projects and their needs according to their research work and their simulation tools. Some 
important aspects are summarized as follows: programs used by the research teams are of 
different types, the data formats are inhomogeneous, data exchange is necessary during 
simulation. 

Thus, the overall project is characterized by the distinct interactions of the other projects. In 
order to reduce the effort in data exchange, data conversion and modeling two approaches 
are being performed, i.e. (i) the set-up of a data exchange facility (meta data base 
‘MetaWind’) and (ii) the development of an integral model for the coupling of simulation 
programs used or developed by the research teams. 

Most important aspects are the realization of model interactions or couplings, using different 
strategies. Thus, the development of the integrated model will be done step-by-step in the 
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following way: (i) independent models without any couplings, (ii) iterative coupling with 
exchange of input and output data and (iii) fully and direct coupling in simplified models. 

During the year 2005 some important modules has been prepared for integrated modeling: 

a. Evaluation of environmental loads due prescribed sea states using the program 
WaveLoads (see [1]) 

b. Supply of geometric and material data in combination to distributed loads for 
elastodynamic analysis with the finite element program ANSYS® 

c. Development of tools for visualization purposes (see Fig. 3a and refer to [2]) 

Within this reporting period, the integrated model could be extended by the following 
achievements: 

a. Supply of geometric and material data in combination to distributed loads for 
elastodynamic analysis with the finite element program MSC.NASTRAN® 

b. Usage of the aerodynamic loads module AeroDyn (v12.56) [3] in combination with the 
modal / multibody dynamics module FAST (v6.01) [4] for the purpose of comparison 
with other simulation programs and methods 

c. Combination of wave load analysis (WaveLoads) with wind load modeling (AeroDyn) in 
multibody OWEC simulations using MSC.ADAMS® 

d. First experiences in multibody simulations (MSC.ADAMS®) consisting of flexible parts 
for the representation of jacket structures 

e. Input data description module for user-friendly software operation (see [5]) 

Integrated Modeling 

Model concept 

The IM has to be developed in terms of a flexible compound of modular simulation models 
combined with control, data base and interface units. These interfaces are one of the main 
targets as they will improve and accelerate interacting simulations. A modular concept will 
also enable independent code developments of several research teams. 

The research work is aimed to get together the diversity of different processes and process 
interactions which have to be taken into account for the analysis of an offshore wind turbine 
and its associated sub systems. Therefore, a flexible structure of the integrated model is the 
main target of current research [2]. The program is build up in an object oriented language 
(C++) using the application development framework Qt® for the development of multi-
platform software. Thus, the integral model will be a graphical user interface based 
application with graphical visualization and data base tools. 

Current model development 

Within this reporting period couplings between sub models have been extended. Thus, a 
linkage of the load module WaveLoads to the commercial code ANSYS® and 
MSC.NASTRAN® is available now. 

The current status of development of the IM allows to define geometric data, its discretization 
and the belonging material properties for the transformation to the wave load module 
(WaveLoads) followed by the specification of input files for modal and dynamic analysis 
using a finite element solver [6].  

An application of the current model has been shown by Mittendorf et al. [7] for FINO1 and by 
Kossel [6] modeling the wind measurement mast “Amrumbank West”. The structural 
behavior of the FINO1 research platform loaded by irregular waves with and without 
directionality of the wave field has been analysed. The aim was to investigate the influence of 
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the assumption of long or short crested waves on the structural response and the fatigue 
loads (see Fig. 1). The model could be validated with the strain gauge measurements of the 
platform.  

(a)  (b) 
 

Figure 1: Finite element calculation using ANSYS and WaveLoads: simplified simulation model of the 
FINO platform (a) and comparison of measured and simulated damage equivalent loads (posi-
tion AVW) for different sea state conditions (b) [7]. 

 

Further objectives are the transient analysis as needed for the fatigue analysis in time 
domain and the validation of the frequency domain methods. Commonly in frequency domain 
the structure stress response is related to the wave parameters using a transfer function. 

With increasing amount of integrated sub-modules it is useful to have graphical assistance 
available (see Fig. 2a). With the development of an input data description module by Wulkau 
et al. 2006 [5] a more user-friendly input data management is available now. This module is 
able to link the data of the input files with internal data objects. The structure of the input data 
can be visualized (see Fig. 3c) or documented in a file compiled in XML or LaTeX format 
(see Fig. 3b). 
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(a)    (b) 
 

Figure 2: Geometrical representation of the wind measurement mast “Amrumbank West” with 
WaveLoads GUI and data export to ANSYS (a). Variations in eigenfrequencies according to the sup-
port and associated mode shapes (b) [6]. 

 

 (a)    (b) 
 

 (c) 
Figure 3: Visualization of input data description. Input file (a), LaTeX output (b) and XML tree view 
visualization (c) of the default documentation of an exemplary keyword.  
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Future model development 

The next milestone will be the fully coupled modeling of an arbitrary OWEC structure 
including wind and wave loads, aeroelastic and elastodynamic analysis of the structural 
response. In order to do comparing analysis, benchmarking tests with the Flex5 model are 
planned. 

The development of the integral model will benefit from a cooperation with the MSC.Software 
Corporation initiated in 2005. In order to get an insight into the field of  multibody simulation 
using MSC.ADAMS the seminar “Einbinden Flexibler Bauteile in das ADAMS Modell mit 
ADAMS/Flex” has been attended. 

Summary 
With the set-up of the configuration of a framework for the integrated model development, the 
integration of sub models, interfaces and tools could be carried out. With the accomplished 
development of the integrated model, it is now possible to perform wave load prediction on 
offshore support structures. Furthermore, elasto-dynamic analysis of the structure has been 
performed and validated by measurements at the FINO1 research platform. With the 
incorporation of fatigue analysis and with the usage of the extended WaveLoads module for 
sea-state modeling including directional spreading better results has been gained. 

In the future, availability of a model for aerodynamic loads, will permit to quantify the 
magnitude of the correlation of wind and waves. In the following step, it will be necessary to 
provide a coupled aeroelastic formulation including turbulent aerodynamics in order to get 
the aerodynamic loads for the prediction of the response behavior of the overall WEC 
structure. 
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Part B: Numerical Determination of Coupling Parameters of the Loads for the 
Aeroelastic Modeling 

Introduction 
The increasing knowledge on the real structure of wind fields unveils the necessity of further 
research in the wind-structure interaction. Strong fluctuations in the wind lead to increased 
loads on the wind turbine. For an integrated model of a wind turbine a generalised approach 
to calculate loads is needed. Therefore a reliable numerical model is being developed to 
transfer and generalise the results gained by the measurements concerning the wind field 
and loads on the blades. 

One main effect triggered by the fluctuations is the dynamic stall, which is caused by sudden 
wind speed or direction changes. The effect seems to appear rather often on wind turbine 
blades leading to unexpected high loads on the airfoils and as a result on the whole turbine. 

Nevertheless, calculating the real loads regarding dynamic stall is a broad field for scientific 

research, as the effect is scarcely understood so far. The knowledge up to now relies mainly 
on wind tunnel measurements for single airfoil sections or on computational fluid dynamics 
(CFD) simulations. The disadvantage of the latter is the insufficient resolution of the turbulent 
effects with CFD simulations. Since the dynamic stall is such a turbulent effect, the method 
has not been used in a broad manner to investigate it. Therefore better tools to understand 
the flow around an airfoil are needed if we are interested to investigate the loads caused by 
the turbulent wind field especially regarding extreme load conditions. 

 
Fig. 2: U-velocity for four different Reynolds numbers achieved by a 2D simulation 
using the nektar code. 
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CFD-Simulation using Spectral/HP method 

To actually resolve the flow pattern down to dissipation range, the spectral/hp code nektar 
was used to simulate the flow pattern around an fx79-w151a airfoil. In cooperation with the 
DLR in Göttingen 2D and 3D direct numerical simulations (DNS) and large eddy simulations 
(LES) have been performed. The method uses a finite element flow solver using high 
polynomial orders. Thus quite an effort has been laid on optimising mesh and polynomial 
conditions for various – so far low – Reynolds numbers, to verify the code. Fig. 1 shows 2D 
DNS simulations using different Reynolds numbers. Of major interest concerning the 
simulation is still the spanwise component of the flow as an indicator for turbulent flow. In Fig. 
2 this component of the flow by a 3D DNS simulation is presented. 

Verification using HPIV-Measurements 

To verify the simulations measurements at a wind tunnel at Oldenburg University using 
holographic particle image velocimetry were performed. The method allows three-
dimensional measurements at low Reynolds numbers and suits therefore best to verify the 
DNS simulations. Nevertheless the comparison is tedious and still going on. First results 
show however a good agreement in the main flow characteristics (see fig. 3). 

Load Effects on the Turbine 

Since the dynamic stall causes a temporary change in lift and drag on the airfoil the main 
question of the impact on the turbine remains unanswered. In a first step a blade element 
model has been set up to estimate the loads on blade and turbine caused by a turbulent wind 
field. Therefore in further steps wind field data generated in research project I is to be 

 
Fig. 3: Relative v-velocity (in the graph called u) recorded by HPIV measurements around the 
airfoil 
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integrated to investigate deviances between loads caused by different wind fields, different 
dynamic stall models and the results achieved by the dynamic stall measurements and 
simulations. 

Outlook 
In the next steps the DNS and LES simulation will be optimised in accordance to the HPIV 
measurements to achieve the best agreement between the two. Further the so far constant 
inflow of the simulation will be changed to actually simulate the rapidly changing inflow on the 
airfoils and evaluate the change in loads. Therefore the blade element model is to be 
enhanced up to a point where the results can be fed as a wind rotor model into the integrated 
model to be compared to the so far used AeroDyn code. 
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5 Development Projects 

5.1 Finalized Projects 
The projects listed in Table 1 have been finalized by end of 2005 and are thus no longer part 
of this report. Detailed descriptions of these projects can be found in the ForWind Annual 
Report 2005 and in the Status Report 2006. 

 
Table 1: List of finalized projects 

Project ID Short Title Started at Finalized at 

E01 FLaP-Offshore 01.10.2003 31.12.2005 

E02 nowCash 01.10.2003 31.12.2005 

E03 Meerhof 01.10.2003 31.12.2005 

E04 Bolt Connections 01.10.2003 31.12.2005 

E05 Hybrid junctions 01.10.2003 31.12.2005 

E06 EWE Load Prognosis 01.01.2004 30.03.2005 

E07 Combined Strain Sensors 01.05.2004 30.04.2005 

 

In the following therefore the remaining development projects 8-11 are described. 
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5.2 Modeling of Interaction Mechanisms in the Dynamic 
Behavior of Offshore WEC (EP 8) 

University of Hannover 

Institute of Fluid Mechanics and Computer Applications in Civil Engineering  

Werner Zielke, Martin Kohlmeier, Abderrahmane Habbar, Meike Wulkau 

Partner: MSC.Software Corporation 

Duration: 2005 – 2006; The research work is scheduled to be continued within research 
project IX. 

Description 
The aim of this project is to get together the objectives of the commercial software developer 
MSC.Software and the research work of ForWind in the field of integrated modeling of 
offshore wind energy converters (OWEC). 

The transition from disparate point solutions to integrated modeling is an important aspect of 
the research activities. The orientation of the research towards current needs and the use of 
interfaces to commercial simulation software for the development of an integrated model will 
finally yield in a useful combination of own research software and highly validated and widely 
used commercial software. In the course of this project, project IX ‘Integrated modeling of 
offshore WEC’ will benefit and provide the framework to incorporate the achieved 
developments. 

Activities 
This project is based on a cooperation with the MSC.Software Corporation which provides 
access to MSC software and allows joint development and research. This framework is 
supposed to combine research codes, non-commercial and commercial codes. 

Current development activities have been concentrated in the field of wind-structure 
interactions and the simulation of the dynamic behavior of rotor blades. For this purpose the 
following load modules have been chosen  

  a. AeroDyn: aerodynamic loads on a wind turbine blade element (see [1]) 
  b. WaveLoads: wave loads on hydrodynamic transparent structures (see [2]) 

With the modal and multibody dynamics code FAST [3] it is possible to generate multibody 
models that can be extended and analysed using simulation software of MSC.Software, in 
particular: 

• MSC.ADAMS®: multibody dynamics 
• MSC.NASTRAN®: finite element analysis 

As the source codes of the AeroDyn and Fast are available and the program WaveLoads has 
been developed within the own research work by Mittendorf [2], the required modifications for 
applying the programs in an integral framework can easily be carried out. 

The first aim of this approach is to provide the opportunity to adapt preliminary designs of 
support structures according to the special needs of offshore environment. The second aim 
is to investigate and improve the environmental load modules within this framework, and 
consequently to develop these modules in a way they can also be used by engineering 
companies. 
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(a)  (b) 
Figure 1: Modal analysis of the wind measurement mast “Amrumbank West” (a) with MSC.NASTRAN. 

Visualization of the first ten modal shapes (b). 

 
 

Figure 2: Modal analysis of the wind measurement mast “Amrumbank West”. Comparison of 
eigenfrequencies evaluated with MSC.NASTRAN and ANSYS. 

Current Development 
The progress gained in the last period can be split in three parts: The first is concerned with 
the dynamic analysis that has been performed with the finite element program ANSYS® 
coupled to WaveLoads, see [4] for more details. Corresponding simulations can now also be 
performed with the finite element program MSC.NASTRAN. A modal analysis of the wind 
measurement mast “Amrumbank West” is depicted in Fig. 1. In Fig. 2 these results are 
compared to corresponding results gained with ANSYS. 
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Figure 3: Schematic representation of the current integral modeling approach. 
 
 

 
 

Figure 4: Schematic representation of the software interaction for integral modeling of wind and waves 
acting on the offshore WEC. The resulting MSC.ADAMS model is dynamically linked to the environ-
mental load module (bottom right corner). 

The second part is to ensure the opportunity to investigate complex structures within a 
multibody simulation framework using a modal description of the flexible compounds. In 
order to get an insight in flexible multibody dynamics using MSC.ADAMS the seminar 
“Einbinden Flexibler Bauteile in das ADAMS Modell mit ADAMS/Flex” has been attended. 
With the modal description of the support structure provided by MSC.NASTRAN the 
multibody model can easily be extended towards different kinds of support structures 
ensuring fast and reliable simulations. 

The third part is concerned with the software development for an integrated modeling 
depicted in Fig. 3. This model set-up requires the interaction of the programs MSC.ADAMS, 
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AeroDyn and WaveLoads. Consequently, it demonstrates the possibility of combining all 
these programs of different programming languages (Fortran 90 / C++) as depicted in Fig. 4. 
This integrated framework provides a linkage of the wave load and the wind load modules 
which can be combined with different elasto-dynamic analysis tools (MSC.NASTRAN or 
MSC.ADAMS). Thus, it is now possible to do investigations that are concerned with the 
improvement of the load modules (see [5]), the foundation or the comparison of different 
offshore support structures. 

Next Steps 
Besides enhancing the model’s user-friendliness, the next work will be concentrated on 
incorporation of at least a simplified control mechanism of the gearbox and the electric 
generator in order to be able to evaluate the influence of an improved load description, 
gained in project IX Part B and project IV, on the long term behavior of the support structure. 
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5.3 Simultaneous measurement of wind velocity and 
power output data / Analysis of power characteristic 
(EP 9) 

University of Oldenburg 

Institute of Physics – Hydrodynamics and Wind Energy 

Julia Gottschall, Edgar Anahua, Stephan Barth, Joachim Peinke 

Partners: ENERCON GmbH, Aurich; EWO Energietechnologie GmbH, Lichtenau 

Duration: 2003 – 2006 

Description 
One of the main characteristics of wind as energy source is its variability in space and time. 
For physical reasons the power of the wind is proportional to the wind velocity cubed. 
Therefore these fluctuations can lead to very large fluctuations in power. For a genuine 
estimation of energy output and a reduction of fluctuations within the electric grid it is 
indispensable to understand the influence of turbulence on wind turbine characteristics. This 
knowledge can then be used to determine power curves not only more accurate, but also 
much faster as it is commonly done. 

Activities 
In order to gain a better understanding of the power characteristics of a modern megawatt-
class wind energy converter (WEC), in particular, we performed simultaneous measurements 
of wind velocity and power output at the site of Meerhof. A meteorological metmast, 
equipped with several cup and ultrasonic anemometers, wind vanes and temperature 
sensors, had been operated in front of a WEC of the type E66. To control and read out the 
high-resolution data, we had installed a pc-based data logging system. After an extension of 
six months, the measurement period finished in April 2006 with the dismounting of the 
metmast.  

The following table shows the  amount of measured data – the accumulated length of at least 
three-day measurement periods is considered here.  

Data logging system Accumulated measurement period 

Ammonit logger: cup anemometer 280 days 

ICP logger: temperature sensors 374 days 

Gill ultrasonic anemometer  374 days 

Metek ultrasonic anemometer 1 232 days 

Metek ultrasonic anemometer 2 143 days 

Electrical power output 253 days 

 
In parallel, we worked on the development of a more efficient and accurate method to 
determine the power characteristic of a WEC. Our method is based on the theory of Markov 
processes, describing the response of the WEC on the fluctuating wind as a stochastic 
process. The basic research of this method has been done in research project I (Turbulence 
modeling and turbulence interaction). For a more detailed discussion of the method based on 
another data set see [1].  

Figures 1 and 2 show our first results obtained from the measured data. From Fig. 1 it can be 
seen that a broader range of the characteristics is achieved, compared to the standard 
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method. Moreover, the characteristic curve obtained from turbulent data is significantly closer 
to the ideal power curve than the standard reconstruction. 

 

 
Fig. 1: Reconstruction of the power curve in the local field for numerical power output data. The simu-
lation is based on wind velocity data measured at Meerhof site. The theoretical power curve is shown 
as black line, standard reconstruction as open triangles and results due to our method as solid black 
points (see [1]). On the right hand side an enlargement of the dashed rectangular region is shown. 

 

 
Fig. 2: (a) Dynamics of power conversion – measured trajectory (black) and power performance curve 
(red). (b) Deterministic drift field and reconstructed power characteristic (red points)  of an E66 wind 
turbine. (For details see [3]) 
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5.4 Joint design of precast concrete towers for Wind 
Energy Converters subjected to fatigue 
loading (EP 10) 

University of Hannover 

Institute of Concrete Construction 

Jürgen Grünberg, Christian Ertel 

Institute of Building Materials 

Ludger Lohaus, Maik Wefer 

Partner: Oevermann GmbH & Co. KG, Münster 

Duration: 2005 – 2006 

Description 
Due to the ongoing development of wind energy converters with 
increasing power capacity, the structural requirements especially 
concerning the towers rise as well. These towers are increasingly 
designed as hybrid structures made of precast 
concrete elements in the lower part of the tower 
and prefabricated steel sections in the upper 
part. Concerning the connection of the precast 
concrete elements the question of the maximum 
transferable shear stress in the joints between 
the precast elements arises, especially 
regarding fatigue loading. These joints are 
usually filled using ready-mixed high-strength 
grouts. 
 

Activities 
In cooperation with OEVERMANN GmbH & Co. KG three different joints were developed in 
order to investigate the influence of an increasing surface roughness of specimens subjected 
to static loading. 

Fig 2: Projected Specimens 

 
Joint with knobbed-foil 

 
Joint with small triangular notches 

 
Joint with larger shear keys 

Fig. 1: Hybrid tower structure of precast 
concrete elements 
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Deformation restraint due to the interaction between the single tower-elements was 
simulated using external, horizontal bars without initial prestressing. Based on the results of 
the static tests, finally six specimens were projected with knobbed-foil and were subjected to 
high-cycle fatigue loading. 

Results 
The results of the experimental investigation are two different loads for first crack and failure 
for all three joint-types (Fig 4). The load-displacement-curve can be roughly divided into four 
sections: The first section up to first crack which is followed by a small decrease in the 
transferable load. In the third section the load can be further increased up to maximum load. 
Finally the descending branch is reached. 
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Fig 3: Shear Stress – Displacement Curves 

 

In case of the joint with small triangular notches and the joint with larger shear keys failure 
occurs in the grout material that was used. In case of nobbed foil always shear failure was 
found at the roots of knobs in the concrete of the precast elements. 

 

Horizontal Displacement Vertical Displacement 

         Joint with knobbed-foil 
         Joint with small triangular notches 
         Joint with larger shear keys 

first crack 

failure 
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5.5 Study on a new airfoil design with respect to drag in 
turbulent flows (EP 11) 

University of Oldenburg 

Institute of Physics – Hydrodynamics and wind energy 

Gerrit Wolken-Möhlmann, Pascal Knebel, Michael Hölling, Joachim Peinke 

Partner: HDE Meincke GmbH 

Duration: 2006 

Description 
A new concept for boat drives shows distinct enhancements in acceleration, maximum speed 
and fuel consumption characteristics. Part of this concept is a special formed nosecone 
mounted in front of the gearbox/propeller, which interacts with the inflow and shall decrease 
the turbulence to increase the blade’s effectiveness. The question arises if this design could 
also be transferred to aerodynamics, especially in wind energy applications. 

In this study, lift and drag measurements of a newly designed airfoil, with a shape similar to 
the nosecone, and a reference foil were carried out for different wind speeds and turbulence 
intensities. 

Further investigations were done with torpedo-like bodies. 

Results 
• Due to the accuracy of measurements no differences in drag could be examined bet-

ween the newly designed body and a torpedo-like reference. The turbulence intensity 
downstream behind the different test objects did not differ. 

• Under laminar flow conditions, the modified airfoil stalled at smaller angles of attack 
than the reference foil, which is indicated by an earlier decrease of lift. For lower wind 
speeds, the drag of both profiles is similar, although for higher speeds the drag of the 
modified foil increases. 

• In flow conditions with a turbulence intensity of about It ≈ 2% the difference in charac-
teristics for the foils is decreased. Still the higher drag for the modified profile is 
distinct. 

• Under high turbulence (It ≈ 9%) the drag coefficient for the modified foil is 35% to 50% 
higher than the drag coefficient of the reference foil. 

Conclusions 
Within our test conditions (turbulence intensity up to 9%, wind speed up to 40m/s), no 
evidence could be found that the modified foil provides benefiting characteristics. 
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6 Other Projects 

6.1 Decentralized Energy Management (DEMS) Project – 
Wind Power and Load Forecast 

University of Oldenburg 

Institute of Physics – Energy and semiconductor research laboratory 

Nadja Saleck, Jethro Betcke, Lüder von Bremen, Detlev Heinemann 

Partners: FH Wilhelmshaven, TU Clausthal, Uni Hannover, OFFIS e.V., BTC AG, EWE AG 

Funded by EWE AG 

Duration: 2004 – 2008 

Description 
With increasing availability of renewable energies like wind power, biomass and PV systems, 
the electricity production becomes more and more decentralized. This requires a 
management system which helps to control a heterogeneous grid with many feed in points 
and consumers.  

DEMS (Decentralized Energy Management System) is a research project with several 
partners. During the last year two prototypical business processes were developed. These 
processes link issues of supply optimization as well as grid stability and grid management. 
Following the principles of SOA (service oriented architecture) each research partner 
provides his functionality encapsulated as web service. 

Within this project ForWind is responsible for the prediction of wind power, demand load and 
grid load. The objectives are research and development on one hand and the implementation 
of a “Demonstrator” system as a proof of concept on the other. The project cooperation was 
extended for two more years, i.e. until June 2008.  

Activities 

DEMS-Demonstrator 
ForWind contributes to the Demonstrator with wind power predictions and load predictions. 
Work was concentrated on a single wind park in North-West-Germany and several days in 
2005. 

Wind power predictions are calculated using the physical model HUGIN. Predictions of the 
demand load result from the model ProLa. Both models are still under development. The grid 
load is the difference between the demand load and fluctuating producers (Figure 1); wind 
power in this case can be seen as the only significant one.  

 
Figure 1: Time series of wind power (blue), demand load (red) and grid load (black) of a transformer in 
North-West-Germany for a period in January 2005. 
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The DEMS integration platform can access the calculated results via web services. The 
results are transformed into XML messages using the DEMS data model.   

Wind power prediction 
Wind power predictions for the whole region of EWE, for particular wind parks and also for 
single wind turbines were calculated with the physical wind power prediction model HUGIN.  

In this context the advantage of using model level wind speeds as input was confirmed, i.e. 
better results were obtained in comparison to the method which derives wind speeds at hub 
height from 10 m wind speeds.   

The quality of wind power predictions does not depend on the used interpolation in time. That 
means that the resulting root mean square error (rmse) is equivalent whether to interpolate 
wind speeds or wind power from three-hourly to hourly values.  

A comparison between forecasted and measured wind speeds for 
a wind park with 17 wind turbines (Wybelsum) shows a root mean 
square error (rmse) of 1 to 2 m/s with a relatively large spread 
among the individual turbines (Figure 2). In general, the forecast 
error is small, considering that wind speed was measured with 
nacelle anemometers which are very much influenced by wind 
wakes. 

Figure 2: Root mean square error (rmse) of the wind speed (m/s) for forecast steps 3 to 72 h. Col-
oured: individual wind turbines, black (thick): aggregated wind farm. 

Whenever measured data are available, statistical methods which take these data into 
account are promising to give improved results. This was confirmed by a direct comparison 
between the physical model HUGIN and a statistical model using a neural network. 

Load prediction 
The previously developed software for load prediction ProLa uses historic data to find 
deterministic relationships between the demand load and exogenous parameters like 
temperature and solar irradiance. A separate regression analysis is carried out for each 
different category that is defined by hour of day, day of the week, holidays etc. To account for 
hysteresis ProLa searches for a time shift of the exogeneous parameters that optimizes the 
correlation with the load demand. The regression coefficients and optimized time-shifts are 
then applied to predicted weather data. 

Although the approach is effective, it is less suitable for application in the DEMS project since 
it requires a large set of historic data and requires long computing times. Therefore two new 
approaches are currently under development. 

Application of the statistical method Principle Component Analysis can remove redundancy 
from the exogeneous datasets. For example 24 hourly temperature values can effectively be 
described by three parameters. This eliminates the computing intensive search for an 
optimized time shift. 

By separating the weather dependency from the base demand load, several categories can 
be combined and the method can produce predictions on smaller sets of historical data. 
Combining this approach with autocorrelation, trends are implicitly accounted for.    
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6.2 ANEMOS - Development of a Next Generation Wind 
Resource Forecasting System for the Large-Scale 
Integration of Onshore and Offshore Wind Farms 

University of Oldenburg 

Institute of Physics – Energy and semiconductor research laboratory 

Jens Tambke, Lüder von Bremen and Detlev Heinemann 

Type : EU Project (FP 5), Research Action 

Partners : 4 Universities, 9 Research Labs, 1 Public Institution, 8 Industry Partners 

Duration: 1 October 2002 - 30 September 2006 

Description 
ANEMOS aims to develop accurate models that outperform considerably actual state-of-the-
art, for onshore and offshore wind resource forecasting (statistical and physical). Emphasis is 
given on integrating high-resolution meteorological forecasts.  

Activities 
For the offshore case, the University of Oldenburg developed models for improved modelling 
of the vertical profile of the marine boundary layer. The results can be used for more 
accurate offshore wind power forecasts but also for enhanced offshore wind resource 
modelling. 

An integrated software, ANEMOS shell, was developed by the project consortium to host the 
various wind power forecast models. This system has been installed by several utilities for 
on-line operation at onshore and offshore wind farms for local/regional/national wind 
prediction. On top of this, the ANEMOS shell was also sold successfully to not participating 
utilities. 

The applications are characterised by different terrains and climates, on-/near-/off-shore 
farms, interconnected or island grids. The on-line operation by the utilities will permit to 
validate the models and to analyse how predictions can contribute to a competitive 
integration of wind energy in the developing liberalised electricity market.  
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6.3 POW’WOW - Prediction of Waves, Wakes and Offshore 
Wind  

University of Oldenburg 

Lüder von Bremen and Abha Sood 

Type : EU Project (FP 6),  Coordination Action 

Partners : 3 Universities, 8 Research Labs, 1 Industry Partner 

Duration: 1 October 2005 - 30 September 2008 

Description 
Currently, a good number of research projects is underway on the European and national 
level in the fields of short-term forecasting of wind power, offshore wind and wave resource 
prediction, and offshore wakes in large wind farms. The purpose of this Action is to co-
ordinate the activities in these related fields, to spread the knowledge gained from these 
projects among the partners and colleagues, and to start the work on some roadmaps for the 
future. Therefore, the leaders of research projects are assuming the function of a multiplier 
towards the larger research and user community. Additionally, in the fields of short-term 
forecasting and offshore energy resource, Expert Groups will be formed to act as the central 
focus point for external stakeholders (e.g. the EU commission). The liaison with other groups 
will also include groups outside of Europe. 

Activities 
To facilitate the spread of knowledge, a number of workshops is planned, being smaller and 
more focused on their topics than the usual conferences. In order to include more 
researchers from the new and accession states, they can get travel grants paid from the 
project. 

One issue hampering the progress in our fields is the difficulty of getting access to good data. 
In most cases, data on offshore wind or power is strictly confidential, and also data on 
onshore wind power, especially in conjunction with numerical weather predictions, is not 
easy to come by. One example of a good testing procedure comes from the Anemos project, 
where in all 6 test cases were defined, to be run by all involved institutes. This idea is taken 
to the next level with the set-up of two Virtual Laboratories, one for offshore wake modelling 
and one for short-term forecasting. 

Outlook 
In the end, this Coordination Action will also support preparation of next actions such as a 
Network of Excellence or an Integrated Project, connecting many additional partners within 
the European Research Area. 
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6.4 ModObs  
University of Oldenburg 

Institute of Physics – Energy and semiconductor research laboratory 

Abha Sood, Detlev Heinemann 

Type: EU Project 

Description 
The regional impact of large scale circulation patterns in the North Sea using gridded 
Reanalysis data 
A good knowledge of the marine surface wind climatology is of elementary value for an 
efficient exploitation of offshore wind power. The large scale circulation, described typically 
by the spatial Sea Level Pressure (SLP) pattern or the geopotential height at 500 hPa 
(gph500), is the major forcing of the wind flow near the surface. The surface winds are 
however strongly modified by the atmospheric boundary layer effects and local circulation 
patterns which mask the direct relationship between atmospheric pressure gradient and 
surface wind field. The complex subgrid scale lower boundary conditions (e.g. orography, 
land sea interface) cause even stronger deviations from the geostrophic winds. Apart from 
the general statistical description of the surface wind field, it is also necessary to investigate 
its relationship to the forcing by the large scale circulation pattern and to examine the 
extreme cases in order to comprehensively describe the regional climatological wind field. 
On the seasonal to interdecadal time scales, the North Atlantic Oscillation (NAO) index, 
which is a measure of the meridional pressure gradient anomaly over the European-North 
Atlantic (EA) region, is known to signifiantly influence the temperature, precipitataion and 
wind fields above the northwestern Europe, in particular during the winter season. 

   
Fig. 1: The winter mean surface wind speed in the North Sea during 1950–75 with a strong negative 
NAO-phase (left) and the difference to the 1976–2001 period with a high NAO+ phase. 

The winter (DJFM) NAO index is mainly in a negative phase during the period 1950–1975 
and in a strong positive phase in the last quarter of the twentieth century. The NCEP 
reanalysis surface mean wind field during winter (DJFM) in the period 1950–75 is compared 
in Fig. 1 for predominantly NAO-phase to high NAO+ phase from 1976–2001. The mean 
surface wind speed increases by 3–9% over the North Sea and the coastal regions and 
decreases over the continent. As expected, in the NAO+ phase the wind shifts towards more 
easterly directions. 
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The coherency of the spatial structure of the wind speed anomaly (WSA) was studied using 
Empirical Orthogonal Functions (EOF) of the WSA. The EOFs (spatial patterns) were 
normalized, so that the corresponding Principal Components (PCs) (time series) have unit 
variance. With this normalization, the EOFs show the distribution of the typical amplitude of 
the field and the relative sign of the phase.  

The NAO index is related to the first PC pattern of the WSA (Fig. 2, left) especially in winter. 
The difference of the sea level pressure anomaly (SLPA) above Scandinavia and Iceland 
and the SLPA above Great Britain also play a role in determining the WSA. The first EOF 
function of the WSA, which shows the coherent increase or decrease of wind above the 
whole region, is related to the dipole in sea level pressure anomaly (SLPA) between western 
Scandinavia and western Iberia. The regional oscillation index for the North Sea, the 
Scandinavian Iberian (ScIb) index,  is similar to the NAO, only the northern center is moved 
to Scandinavia, and it has an even greater impact than the NAO index on the first PC of 
WSA. The correlation between the daily NAO index and WS anomalies is shown in Fig. 2 
(right) for the winter season. 

       
Fig. 2: First Empirical Orthogonal Function (EOF) of the wind speed anomalies (left), correlation be-
tween wind speed anomaly (WSA) and daily NAO index for the winter season (right). 

In terms of Grosswetterlagen (GWL), the westerly cyclonic and anticyclonic types as well 
as northern cyclonic are correlated with the strong winds above the studied area. The 
Scandinavian blocking as one of the four weather regimes about Europe is related to the 
weak winds above the North Sea. The first EOF function of the WSA, which shows the 
coherent increase or decrease of wind above the whole region, is related to the dipole in 
sea level pressure anomaly (SLPA) between western Scandinavia and western Iberia. 

High wind speeds are more frequent in the cold part of the year, while low winds occur more 
often in the summer. The strong winds are related to the high SLPA gradient between 
Scandinavia and north central Atlantic (north westerly direction) or to the low SLPA above 
the northern Europe (south westerly direction). The low winds are more common, when the 
SLPA is higher above Scandinavia and lower about the central northern Adriatic.  

An accurate assessment of the regional impact of large scale circulation patterns on the 
North Sea wind fields needs further studies. Major activities will include:  

• comparison of regional circulation pattern in present climatology and climate scenarios 
over the North Sea 

• analysis of the high resolution (10 Hz) FINO-1 measurement data to optimize the 
boundary layer parameterization  

• dynamical downscaling of the North Sea wind field climatology using optimized boundary 
layer parametrisations 
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6.5 GROW – Grouted Connections for Offshore Wind 
Turbine Structures 

University of Hannover 

Institute for Steel Construction 

Type: BMU project 

Partners: Germanischer Lloyd Industrial Services GmbH, Hamburg, Siag Anlagenbau 
Finsterwalde GmbH, Finsterwalde, and Oevermann GmbH & Co. KG, Münster 

Description 
The German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety 
(BMU), represented by the Projektträger Jülich (PTJ), is funding a new research project since 
October 2006. The project focuses on grouted connections for offshore wind turbine 
structures under cyclic bending and axial forces. 

The main aims of this research project are reduction of maintenance effort and costs to a 
minimum. Grouted connections have been successfully installed at several offshore wind 
farms in Northern Europe. They are used to realise pipe-to-pipe connections, for example 
between monopile foundation and tower (transition piece). The annulus between the two 
pipes is filled with a high strength concrete or another appropriate material. 

Imperfections of the pile and installation tolerances can be adjusted with this type of 
connection.  

Currently used offshore design codes provide formulae for calculating grouted connections 
exposed to axial force and/or torsion moment only. The combination of bending moments 
and axial forces is not considered.  

The objective of the research group is to develop design rules for grouted-joint connections 
under pure cyclic bending in the ultimate limit state and the fatigue limit state. Numerical FE-
calculations will be verified by large scale bending tests (scale 1:6) and several laboratory 
material tests. Therefore, the conclusions and results of the former ForWind - Project “TP V: 
Forecast of Fatigue Life of Support Structures of Offshore Wind Energy Conversion 
Systems” will be used as a starting point for this new research project. For this purpose the 
test-setup from the ForWind-Project TP V will be modified and used for different materials 
and geometric properties.  
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6.6 Pushing Offshore Wind Energy Regions (POWER)  
 

 

 

ForWind Competence Center 

Moses Kärn 

Type: EU project 

Duration: 2004 – 2007 

Partners:  
• University of Applied Sciences Bremen, DE 
• University of Applied Science Bremerhaven, DE  
• ForWind – Center for Wind Energy Research, University of Oldenburg, DE 
• Bremerhaven Labour Ltd., DE 
• The Senator for Labour, Women, Health, Youth and Social Affairs, Free State of 

Bremen, DE 
• Delft University of Technology, NL 
• Energy Research Centre Netherlands (ECN), Petten, NL 
• Hogeschool InHolland, Alkmaar, NL 
• ROC Kop van Noord Holland, Den Helder, NL  
• New and Renewable Energy Centre, Blyth, UK 
• Offshore Center Denmark (OCD), Esbjerg, DK  

Description 
POWER is a project in the EU-Interreg III B Programme North Sea Region financed through 
the European Regional Development Fund (ERDF).  

POWER creates a North Sea competence network for offshore wind energy. POWER unites 
North Sea regions with an interest in supporting and realising the economic and 
technological potentials of offshore wind energy. The project assesses environmental and 
planning as well as acceptance issues of offshore wind farms, supports the development of a 
reliable supply chain for the sector, and elaborates skills development measures. 37 
organisations take part, with representatives from Germany, the UK, Denmark, the 
Netherlands and Belgium. Transnational co-operation between these regions is creating a 
North Sea competence network for offshore wind energy. 

POWER has an overall budget of about 3,5 million Euro. The exact duration is from July 01, 
2004 to Sept. 30, 2007. It is managed by the Bremerhavener Gesellschaft für 
Investitionsförderung und Stad-tentwicklung mbH (BIS) on behalf of the Bremen Senator für 
Bau, Umwelt und Verkehr. Additionally, the coastal regions are represented by the 
transnational part-ners: Suffolk County Council (UK), Kop en Munt (NL – withdrawal in Oct. 
2006), EU Vest (DK) and Port of Oostend (B).  

POWER activities are divided into four subprojects (‘work packages’): 

WP 1: Planning and Participation: The planning and participation workstream intends to 
improve the integration of the different planning systems in the Member States bordering the 
North Sea. Its aim is to give insight in possible improvements in the decision-making and 
implementation process for offshore wind farms (OWF), and to harmonize planning and 
information strategies. 

WP 2: Economic Support / Supply Chain: Supply chain analysis will be conducted, and 
available facilities in the North Sea Offshore Wind Regions will be mapped. 
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WP 3: Education: The objective of this part of the POWER project is to establish the needs of 
the offshore wind sector for specialists and skilled workers for the complete supply chain, in 
order to develop qualification and further training courses. 

WP 4: Dissemination: The forth Work Package focuses on the dissemination of gathered 
knowledge both between the project partners and beyond, by means of mailing actions, a 
website, a newsletter and a travelling or simultaneous exhibition in all participating regions. 
Finally, the setting up of a new Offshore Wind Energy Information Centre in will be 
supported. 

Approach/ Activities 
ForWind is formally the associated partner to the junior research group IMPULSE at the 
Institute for Chemistry and Biology of the Marine Environment (ICBM) at the University of 
Oldenburg. As such we have moved in their position in work package 3. 

Main outputs of WP 3 
• Overview of basic necessities and requirements 
• Vocational training 
• Summer school and MBA/BBA Education 
• Dissemination / transnational answers 

ForWind is basically involved in the development and the organization of a summer school 
and the development of MBA/BBA curriculae. As part of the WP3 team ForWind is also 
contributing to the other outputs. 

Results and next steps 
ForWind has been actively involved in the following results: 

2005: The organization and realization of an internal information exchange programme in 
Den Helder.  

2005/2006: Development of a concept for a summer school. The organization and realization 
has taken place in 2006. The “Offshore Summer School 2006” was held on September 04 to 
09, 2006 in Bremen and Bremerhaven. The summer school was organized in cooperation 
with 14 partner organizations, where ForWind, together with fk-wind (Bremerhaven), took 
over a leading role.  

2006/2007: Due to the dismissal of the project management of the WP3 the sub project was 
without leadership during the second half of 2006. Also, the Dutch partners, i.e. the TU Delft, 
have been without formal budget. Moses Kaern (ForWind) took over the position as 
“speaker” of the sub project and was engaged in project management work during that 
period until a new project manager could be installed. Because of these serious interruptions 
in project management many action items could not be realized. Most prominently, 
conceptual work on BBA/MBA could not be started since it was under the guidance of TU 
Delft. 

2007: Results of the POWER-projects will be presented at the final conference in June 14 to 
15, 2007. The project will be terminated on Sept. 30, 2006. Plans for a follow-up project are 
currently being discussed. 

Links:   

www.offshore-power.net   

www.forwind.de/summerschool/ 
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6.7 Postgraduate professional education programme 
“Wind Energy Technology and Management” 

ForWind Competence Center  

Christoph Schwarzer, Moses Kärn 

Partners: Windenergie-Agentur Bremerhaven/Bremen e. V. (Nicole Kadagies),  
Stadt Oldenburg – Wirtschaftsförderung (Roland Hentschel) 

Duration: 2004 – 2007 

Description 
ForWind has been cooperating with Windenergie-Agentur Bremerhaven/Bremen e.V. (WAB), 
the City Council of Oldenburg, and numerous partners from research, education, industry, 
and businesses in the field of wind energy to develop a part-time study programme as further 
academic education for professionals. 

In August 2006 the first (pilot) course has started with 24 participants. The second course will 
start in September 2007, with applications still possible until June 15, 2007.  Hence, the 
project is currently in the phase of successfull market introduction).  

Public funding has been provided for the development phase (concept and design of the 
course) and for the pilot phase (development, testing, and market launch) by Regionale 
Arbeitsgemeinschaft Bremen/Niedersachsen (RAG), Regionale Innovationsstrategie Weser-
Ems (RIS). The project is sponsored by EWE AG, GE Energy, Bremer Landesbank, and 
WPD AG. 

The development phase will finally be terminated in June 2007 after all course materials 
have been completed, and the pilot phase will be terminated in December 2007 after a 
completed evaluation of the pilot course.  

Approach/ Activities 
The further education programme addresses experts with academic training in the field of 
wind energy as well as ones who want to enter it: engineers, lawyers, technicians, business 
people, managers, etc. It aims to bring together an multidisciplinary group of people similar to 
those that are working on projects in the “real world”. The programme offers comprehensive 
systematic understanding of wind energy projects from scientific grounds to technical, legal 
and economic realisation, as well as skills in planning and project management. 

The programme is especially designed to fit the 
requirements of professionals. It comprises self organised 
studying of reading materials, a two-day seminar once every 
month, and ongoing project work in teams. The total 
duration of the programme is approxiamtely ten months and 
is intended to be short but intensive. A certificate will be 
issued by the University of Oldenburg upon successfully 
passing the examinations.  

The curriculum of the programme has been developed on 
the basis of a qualification requirement study and in close 
cooperation with an advisory committee of experts from 
leading institutions and businesses. A full list of partners 
involved can be found on the web page given below. 

The introduction of the programme into the market was 
accompanied by intensive marketing activities, and was 
supported by regional politics and economic developers with 
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wind energy being an important regional economic factor.  

The programme with its innovative concept received a highly regarded local award through 
being selected as one of eight finalists out of 111 applications in the 2006 competition of the 
“Nordwest Award”. The award is sponsored by the Bremer Landesbank and receives high 
rank political support. Holger Böhrnsen, jury president and governing mayor of the Freie 
Hansestadt Bremen, presented the finalists and the three winners at the award ceremony, 
commenting on the “Further Education Programme Wind Energy Technology and 
Management”: he emphasized that the „innovative study programme gives impetus to the 
further development of the wind energy sexctor in the region“. The nomination as finalist 
proofs the importance of the study programme for establishing a positive identification of the 
region with wind energy in and outside of its borders. The north-west region of Germany has 
the chance, according to Mr. Böhrnsen, to position itself as a leader in academic training in 
the field of wind energy, and even to develop into an academic competence centre. 

Results and Next Steps 
First pilot course started August 2006 will end June 2007. 

Evaluation of pilot course is due November 2007. 

Second course starts September 2007.  

Planning and marketing activities for the second course are in full progress. Applications 
accepted until June 15, 2007. 

Link 
A full overview of the programme, its contents and partners is provided at the web page: 
www.windstudium.de 
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6.8 ForWind Course of Lectures 
ForWind Competence Center 

Elke Seidel 

Winter term 2006/2007 financially supported by EWE Oldenburg and Bremer Landesbank 

Description 
In summer term of 2006 ForWind started to organize a public course of lectures concerning 
different, predominantly technical aspects in the field of wind energy.  

This course of lectures offers students, employees of the University of Oldenburg and 
colleagues of other institutes or business companies as well as interested private persons to 
inform themselves about various subjects and discuss them with invited experts. 

The participation is growing and a mailing list was set up to distribute information made 
available by the speakers. 

The course of lectures for summer term 2007 is in preparation. 

 

Course of lectures in summer term 2006 

Date, place Speaker Title Invited by 

26.01.06 ForWind 
conference room, 
TGO, Oldenburg 

Dr. W. Geissler, 
DLR Göttingen 

“Vortrag zum dynamischen 
Schall” 

Prof. Dr. Joachim 
Peinke 

06.02.06 ForWind 
conference room, 
TGO, Oldenburg 

Dr. J. Schulz-
Stellenfleht, DLR 
Oberpfaffenhofen 

“Ableitung von Wind-
Seegangs- und 
Strömungsinformation aus 
Satellitendaten zur 
Unterstützung von 
erneuerbaren 
Meeresenergietechniken 

Prof. Dr. Joachim 
Peinke 

15.06.06 ForWind 
conference room, 
TGO, Oldenburg 

Viktor Venema, 
Meteorologisches 
Institut, Universität 
Bonn 

“Statistical charcteristics of 
surrogate data based on 
geophysical measurements” 

Prof. Dr. Joachim 
Peinke 

22.06.06 ForWind 
conference room, 
TGO, Oldenburg 

Dr. Thomas Hahm, 
TÜV Nord, Claus 
Wagner, DLR; 
Bernhard 
Stoevesandt, 
ForWind 

“Strömungssimulation für 
Windenergieanlagen” 

Prof. Dr. Joachim 
Peinke 

06.07.06 ForWind 
conference room, 
TGO, Oldenburg 

Prof. Dr. Siegfried 
Raasch 

“Large Eddy Simulation für 
geophysikalische 
Windberechnungen” 

Dr. Detlev 
Heinemann 
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6.9 EU Study on GIL Application to Connect Off-shore 
Wind Farms 

ForWind Competence Center 

Anneke Müller, Bernd R. Oswald 

Type: EU project 

Duration: 2006-2009 

Partners: Siemens high-voltage Power Transmission and Distribution, Submarine Cable & 
Pipe (a company of the Bohlen & Doyen group). 

Description 
The project under the leadership of Forwind will be funded with 50% by the EU Commission 
in the field of European Network – Energy report (TEN-E) over a period of three years 
(01.10.2006 - 30.09.2009). 

The study has a total budget of 2.1 million Euros and is carried out by ForWind the Center for 
Wind Energy Research of the universities Oldenburg and Hannover, Siemens high-voltage in 
the sector Power Transmission and Distribution and Submarine Cable & Pipe (a company of 
the Bohlen & Doyen group). 

Aim of this project is to investigate the possibilities to build a pan-North Sea power grid 
based on Gas Insulated Transmission Lines (GIL) that connects Denmark, Germany, the 
Netherlands, Belgium, France and Great Britain. The GIL technique allows the transfer of 
large shares of power over long distances. 

When European cities like Hamburg, Rotterdam and London and offshore wind parks are 
connected through the GIL, the problem of fluctuating wind power can be reduced to a 
minimum without additional storage technology. 

In general the power exchange between all North Sea States will be eased which leads to 
the development of an enhanced European energy market.  

 

This feasibility study is split in three parts: 

1. General conditions including technical and legal aspects 

2. Technical requirements for project execution 

3. Economical and ecological aspects 

 
The main goals of the study are the further development of regenerative energy, the 
improvement of system stability, and reliability of supply, the balance of local power 
generation, and the improvement of the transmission network. The project is split into 
network analysis, GIL laying procedures, ecological and economical aspects, installation 
requirement, and costs. 

Conclusions 
The study just started. First results will be available with the next annual report. 
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7 Available Products 
Besides a number of existing products, in the year 2006 no additional products were 
finalized. For information, in this section the available products are listed according to their 
present status.  

The product ‘nowCash’ had to be cancelled due to only little interest, regarding the 
neccessary efforts. 

7.1 Wind Farm Layout Programme (FlaP) 
Contact: Abha Sood 

abha.sood@forwind.de 

The Farm Layout Program (FLaP) is a software product for optimisation and design of wind 
farm layouts.  

The functionality of the software includes the calculation of the efficiency losses caused by 
shadowing effects inside the wind farm, the optimisation of the farm layout towards higher 
efficiencies and the calculation of the imission of noise by the wind energy plants. Based on 
the description of the characteristics of wind energy plants and the meteorological conditions 
annual revenues are prognosed and charts for acoustical immissions are calculated.  

FLaP runs at Windows NT computers in native mode, which has therefore no limits in the 
dimension of the wind farm. The program allows menu-driven handling via graphical user 
interface or command line processing for operational mode.  

As interchange formats for the farm layout, FLaP could export DXF (AutoCad, AutoSketch) 
and HPGL.   

FLaP calculates the efficiency and power output of the whole wind farm and the single wind 
turbines, based on the annual wind statistic and the power curves of the wind turbines as 
input parameters.  The shading effects of the wind farm are taken into account by the model 
of Jensen (Risø-model), which uses a simple model for the wind speed in the wake of a wind 
turbine. The actual beta version includes the more sophisticated wake model from Ainslie, 
which assumes a Gaussian wind speed profile in the wake of the wind turbine.   

The sound imission could be estimated at defined point or illustraded as iso-lines of the 
sound level. The calculation of the sound level is determined according to VDI 2714.  

The optimisation module uses an evolutionary algorithm to optimise the wind farm layout 
towards higher farm efficiency. Therefore it rearranges the position of the wind turbines 
inside a defined area.   

FLaP was developed in the Energy Meteorology Research Group in the Institute of Physics 
at the University of Oldenburg and has now been in use in research facilities and engineering 
companies for seven years. During the last years it was constantly enhanced with recent 
scientific results.  
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Typical graphical output of FLaP: Three wind turbines could be seen with the output of the yearly e-
nergy production. The border of the area for farm optimisation is marked with straight lines. The iso 
lines represent the level of acoustic imission. 

 

7.2 HanOff 
Contact: Frithjof Marten  

marten@stahl.uni-hannover.de  

The software HanOff enables the user to perform various structural analyses of 
hydrodynamic transparent structures under wave loads. The calculations can be done both 
static and transient with artificially generated wave time histories. For different sea state 
properties linear or various non-linear wave kinematics can be chosen. The structures 
response is determined by the commercial FE program ANSYS©. Besides the internal wave 
load module a special interface permits the data transfer from other wave load calculation 
programs (e.g. WaveLoads). Within the post processing fatigue assessment can be done in 
time or frequency domain. The fatigue life of typical circular hollow section joints is 
determined automatically with the structural stress approach. HanOff has reached its final 
version 8.2. 

7.3 WaveLoads 
Contact: Kim Mittendorf  

mdorf@hydromech.uni-hannover.de  

The software WaveLoads is developed for calculating wave induced loading on 
hydrodynamic transparent structures (e.g. jacket structures).   

The usage of our software is free of charge, only a licence agreement has to be signed.  

Do not hesitate to concact us for further or detailed information. 



 

94 Annual Report 2006 

 

7.4 Hugin 
Contact: Lüder von Bremen  

lueder.vonbremen@forwind.de 

The new wind power forecasting model ‘Hugin’ is based on a new and simpler approach of 
physical wind power model forecasting. There are three key differences compared to 
standard physical models:  

i) the selection of representative reference sites is not longer necessary as regular fields of 
the Numerical Weather Prediction of wind speed and temperature are available.  

ii) Furthermore wind fields other than the surface 10m wind speed are ready for use, what 
avoids the extrapolation of wind speeds to hub height taking thermal stratification into 
account.  

iii) As a third difference the manufacturer’s power curves are not used any longer as a 
parameterization was found to describe the power curve of a specific WEC by its 
maximum power. 

Numerical Weather Predictions of ECMWF (European Centre for Medium-Range Weather 
Forecasts) for research purposes or data of the NCEP’s (Nation Centre for Environmental 
Prediction) GFS (Global Forecasting System) model can be used as input to Hugin. 

The model is designed for entire Germany, but can also be applied to subregions. 
Confidence intervals come with the deterministic forecast and demonstrate the uncertainty of 
the day-ahead wind power prediction. 

Hugin runs real-time four times per day with NCEP forecasts. The results are pushed to 
ForWind’s website. The graphs can be freely used and respresent ForWind’s research 
activities in the Wind Power Forecasting and Grid Integration team.  

 

   
Figure 1: Screenshot of Hugin Wind Power Predictions under www.forwind.de. Always the last four 
forecasts are displayed and can be enlarged. 
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7.5 FALCOS 
Contact: Fabian Wilke 

wilke@stahl.uni-hannover.de 

 
Within the research project TP V the software tool FALCOS (Fatigue Analysis with Local 
Concepts for Offshore Structures) has been developed at the Institute of Steel Construction. 
The program enables the user to perform a FE-based fatigue assessment for joints made of 
circular hollow sections. Preprocessing (definition of joint type and geometric parameters) 
und Postprocessing (fatigue calculation) is done with FALCOS, the structural response is 
generated with the commercial FE-program ANSYS©. 

Within the actual beta-version the following typical offshore-joints have been implemented: 

• Y-, X- and V-Joints 
• K- and Double-K-Joints (with gap) 
• Tripod-Joint (three braces) 
• Pile-Sleeve-connections 
 
Local stiffening due to the weld can be incorporated. Automatic modelling of the weld is done 
according to the geometric definitions of ANSI-AWS. 

For use within the structural stress concept the extrapolation methods according to well 
known standards (DNV, NORSOK, IIW linear and quadratic) can be used, combined with 
damage accumulation based on principal stresses or stresses perpendicular to the weld.  

Nonlinear materials and contact formulations can be defined additionally. Thus the 
softwaretool is even suited for joint design in the ultimate limit state. 

 

 
 
 
 

User Interface FALCOS Preprocessing 
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7.6 Power curve 
Contact: Joachim Peinke 

joachim.peinke@ForWind.de 

A software tool is offered which enables to deduce the power curve of a wind turbine as  
response dynamics from high frequency measurement data (wind and power output).  

The method is 

• robust against outliers, 

• very fast (data from only a few measurement days are required), and 

• independent of atmospheric changes.  
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8.4 Other Publications 
Oswald, B. R.: Vergleichende Studie zu Stromübertragungstechniken im Höchstspan-

nungsnetz, Study Report, 20.09.2005, Hannover and Oldenburg 

Schaumann, P.: Die Windenergie geht Offshore. Festschrift zum 175-jährigen Bestehen 
der Universität Hannover, Band 1, S. 129-135, Georg Olms Verlag, Hildesheim-
Zürich-New York, 2006, ISBN: 3-487-13114-5 

Schaumann, P.; Rutkowski, T.: Messung von erzielten Vorspannkräften unter realen 
Montagebedingungen Stuttgart: Fraunhofer-IRB-Verl., ISBN: 3-8167-7104-1, 
10/2006 

Zielke, W.; Schaumann, P.: GIGAWINDplus: Jahresbericht 2005. Hannover, 04/2006 

Nitsche, R., J. Nettingsmeier, T. Rutkowski, P. Wriggers, P. Schaumann: Numerical 
Analysis of the Load Bearing Behavior of Slip Resistant Prestressed Bolt Connec-
tions with Consideration of Adhesion. A Guide for Engineers to Computational Con-
tact Mechanics, Leonardo Pilot Project (NUFRIC), 08/2006 

9 Lectures at Universities 
Barth, St., Peinke, J.: Wind Energy, Lecture, University of Oldenburg/ PPRE; Winter term 

05/06 

Barth, S., von Bremen, L., Peinke, J.: Wind Energy, Lecture, University of Oldenburg/ 
PPRE; Winter term 06/07 

Grünberg, J.: Sonderkonstruktionen im Massivbau mit CAD – Anwendungen, Lecture, 
University of Hannover 

Grünberg, J.: Spannbetontragwerke mit CAD, Lecture, University of Hannover 

Heinemann, D., Peinke, J.: ForWind Seminar, University of Oldenburg, Winter term 06/07 

Oswald, B. R.: Neue Komponenten in der elektrischen Energieversorgung, University of 
Hannover, Summer term 2006 

Peinke, J.: Erneuerbare Energien (Renewable Energies), Seminar, University of Olden-
burg, Winter term 06/07 

Schaumann, P.: Stabilität im Stahlbau (Vorlesung). Leibniz Universität Hannover, Institut 
für Stahlbau, Sommersemester 2006. 

Schaumann, P. et al.:  Tragstrukturen für Windenergieanlagen I. Kurs G40, Weiterbilden-
des Studium Bauingenieurwesen, Konstruktiver Ingenieurbau. Leibniz Universität 
Hannover, Wintersemester 2005/2006. 

Schaumann, P. et al.:  Tragstrukturen für Windenergieanlagen II. Kurs G41, Weiterbil-
dendes Studium Bauingenieurwesen, Konstruktiver Ingenieurbau. Leibniz Universi-
tät Hannover, Sommersemester 2006.  

Tambke, J.: Short-Term Wind Power Prediction, University Carlos III de Madrid, 19-22 
June 2006 

10 PhD Theses 
Mittendorf, K.: Hydromechanical Design Parameters and Design Loads for Offshore Wind 

Energy Converters. Dissertation, Institut für Strömungsmechanik, Leibnitz Univer-
sity Hannover, June 2006. 
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11 Diploma, Master, and Bachelor Theses 
Gräwe, U.: Uncertainty Estimation in Wind Power Prediction, Master Thesis, University of 

Oldenburg, ForWind. August 2006 

Kossel, T.: Wellenbelastungen auf die Tragstrukturen von Offshore-Konstruktionen, Insti-
tut für Strömungsmechanik, Diploma Thesis, University of Hannover, October 2006  

Rathke, C.; Runge, J.: Modellierung von Windenergieanlagen mit Umrichtern, IEH-
University of Hannover, Thesis Report, June, 2006 

Wolken-Möhlmann, Gerrit: Vermessung des Nachlaufes einer kleinen Windkraftanlage im 
Freifeld, Diploma Thesis, University of Oldenburg, June 2006  

Zeller, B.; Runge, J.: Windenergieanlagenparks im Netzbetrieb, IEH-University of Han-
nover, Thesis Report, June, 2006  

12 Student Research Projects 
Dumazer, Guillaume: Forwind Oldenburg, 2. May – 28. July 2006, from Ecole Normale 

Superior, Lyon, France, bilateral exchange 

Ingram, Carolyn: Forwind Oldenburg, 15. May - 7. August, from University of Regina, 
Canada, DAAD Research Internship in Science and Engineering  

Knöll, U.: Windenergieanlagen in hybrider Bauweise aus Stahlbetonfertigteilen. University 
of Hannover, Institute of Building Materials, April 2006 

Kossel, T.: Wellenbelastungen auf die Tragkonstruktion von Offshore Windenergieanla-
gen. Institut für Strömungsmechanik, University of Hannover, January 2006 

Pillon, Fabien: Forwind Oldenburg, 2. May – 28. July 2006, from Ecole Nationale des 
Ponts et Chaussees, Champs sur Marne, Paris France, bilateral exchange 

Saxena, Shalabh: Forwind Oldenburg, from Indian Institute of Technology, Kharagbur, 
India 
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13 Annex 

13.1 List of ForWind Staff Members 

Dr.-Ing. Khalid Abdel-Rahman +49 (0) 511 762-2273 

Institute of Soil Mechanics, Foundation 
Engineering and Waterpower Engineering 

khalid@igbe.uni-hannover.de 

Prof. Dr.-Ing. Martin Achmus +49 (0) 511 762-4155 

Institute of Soil Mechanics, Foundation 
Engineering and Waterpower Engineering 

achmus@igbe.uni-hannover.de 

Edgar Anahua (M.Sc.) +49 (0) 441 798-3577 

Institute of Physics -  
Hydrodynamics and wind energy 

edgar.anahua@forwind.de 

Dipl.-Ing. Steffen Anders +49 (0) 511 762-3258 

Institute of Building Materials steffen.anders@baustoff.uni-hannover.de 

Dr. Stephan Barth +49 (0) 441 798-3951 

Institute of Physics -  
Hydrodynamics and wind energy 

stephan.barth@forwind.de 

Jiri Beran (M.Sc.) +49 (0) 441 36116-732 

Institute of Physics –  
Energy and semiconductor research 

jiri.beran@forwind.de 

Jethro Betcke +49 (0) 441 36116-735 

Institute of Physics –  
Energy and semiconductor research 

jethro.betcke@forwind.de 

Dipl.-Ing. Maria Blümel +49 (0) 511 762- 4784 

Institute of Fluid Mechanics and Computer 
Applications in Civil Engineering 

bluemel@hydromech.uni-hannover.de 

Dr. Lüder von Bremen +49 (0) 441 36116-734 

Institute of Physics –  
Energy and semiconductor research 

lueder.vonbremen@forwind.de 

Dipl.-Phys. Ralf Bruns +49 (0) 441 36116-733 

Institute of Physics –  
Energy and semiconductor research 

ralf.bruns@forwind.de 
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Beate Clausing +49 (0) 441 36116-720 

ForWind Competence Center Oldenburg beate.clausing@forwind.de 

Dipl.-Ing. Christian Ertel +49 (0) 511 762-3357 

Institute of Concrete Construction ertel@ifma.uni-hannover.de 

Dipl.-Ing. Wolf-Jürgen Gerasch +49 (0) 511 762-2247 

Institute of Structural Analysis wj.gerasch@isd.uni-hannover.de 

Dipl.-Ing. Joachim Göhlmann +49 (0) 511 762-3358 

Institute of Concrete Construction goehlmann@ifma.uni-hannover.de 

Julia Gottschall (M.Sc.) +49 (0) 441 798-3992 

Institute of Physics -  
Hydrodynamics and wind energy 

julia.gottschall@forwind.de 

Ulf Gräwe +49 (0) 441 36116-736 

Institute of Physics –  
Energy and semiconductor research 

ulf.graewe@forwind.de 

Martin Grosser +49 (0) 441 36116-734 

ForWind Competence Center Oldenburg martin.grosser@forwind.de 

Univ.-Prof. Dr.-Ing. Jürgen Grünberg +49 (0) 511 762-3351 

Institute of Concrete Construction gruenberg@ifma.uni-hannover.de 

Dipl.-Ing. René Grüneberger +49 (0) 441 798-3007 

Institute of Physics –  
Hydrodynamics and wind energy 

rene.grueneberger@forwind.de 

Dr. Detlev Heinemann +49 (0) 441 798-3543 

Institute of Physics –  
Energy and semiconductor research 

detlev.heinemann@forwind.de 

Dipl.-Phys. Michael Hölling +49 (0) 441 798-3951 

Institute of Physics –  
Hydrodynamics and wind energy 

michael.hoelling@forwind.de 

Dipl.-Phys. Moses Kärn +49 (0) 441 36116-722 

ForWind Competence Center Oldenburg moses.kaern@forwind.de 

Dipl.-Phys. Pascal Knebel +49 (0) 441 798-3577 

Institute of Physics –  
Hydrodynamics and wind energy 

pascal.knebel@uni-oldenburg.de 
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Dipl.-Ing. Martin Kohlmeier +49 (0) 511 762-3709 

Institute of Fluid Mechanics and Computer  
Applications in Civil Engineering  kohlmeier@hydromech.uni-hannover.de 

Dr. Marcel Krämer +49 (0) 441 36116-721 

ForWind Oldenburg marcel.kraemer@forwind.de 

Dr.-Ing. Kerstin Lesny +49 (0) 201 183-2853 

Institute for Soil Mechanics, Foundation 
Engineering, Rock Mechanics and Tunneling,  
U Duisburg-Essen 

kerstin.lesny@uni-essen.de 

Univ.-Prof. Dr.-Ing. Ludger Lohaus +49 (0) 511 762-3722 

Institute of Building Materials lohaus@baustoff.uni-hannover.de 

Dipl.-Ing. Frithjof Marten +49 (0) 511 762-3714 

Institute for steel Construction  marten@stahl.uni-hannover.de 

Wided Medjroubi  (M.Sc.) +49 (0) 441 798-3007 

Institute of Physics -  
Hydrodynamics and wind energy 

wided.medjroubi@uni-oldenburg.de 

Univ.-Prof. Dr.-Ing. Axel Mertens +49 (0) 511 762-2471 

Institute for Drive Systems and Power Electronics mertens@ial.uni-hannover.de 

Dipl.-Ing. Kim Mittendorf +49 (0) 511 762-4786 

Institute of Fluid Mechanics and Computer 
Applications in Civil Engineering 

mdorf@hydromech.uni-hannover.de 

Dipl.-Phys. Tanja Mücke +49 (0) 441 798-3577 

Institute of Physics -  
Hydrodynamics and wind energy 

tanja.muecke@uni-oldenburg.de 

Dipl.-Oec. Anneke Müller +49 (0) 441 36116-723 

ForWind Competence Center Oldenburg anneke.mueller@forwind.de 

Alexander Nobbe +49 (0) 441 36116-731 

ForWind Competence Center Oldenburg alexander.nobbe@forwind.de 

Prof. Dr.-Ing. habil. Bernd R. Oswald +49 (0) 511 762-2801 

Institute of Electric Power Systems oswald@iee.uni-hannover.de 

Dipl.-Ing. Ara Panosyan +49 (0) 511 762-2809 

Institute of Electric Power Systems panosyan@iee.uni-hannover.de 
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Agnieska Parniak +49 (0) 441 798-3535 

Institute of Physics -  
Hydrodynamics and wind energy 

Agnieska.parniak@forwind.de 

Prof. Dr. Joachim Peinke +49 (0) 441 798-3536 

Institute of Physics -  
Hydrodynamics and wind energy 

joachim.peinke@forwind.de 

Prof. Dr.-Ing. Bernd Ponick +49 (0) 511 762-2571 

Institute for Drive Systems and Power Electronics ponick@ial.uni-hannover.de 

Dipl.-Ing. Johannes Reetz +49 (0) 511 762-8673 

Institute of Structural Analysis j.reetz@isd.uni-hannover.de 

Prof. Dr.-Ing. habil. Raimund Rolfes +49 (0) 511 762-3867 

Institute of Structural Analysis r.rolfes@isd.uni-hannover.de 

Dipl.-Ing. Jörn Runge +49 (0) 511 762-4412 

Institute of Electric Power Systems runge@iee.uni-hannover.de 

Dipl.-Ing. Tim Rutkowski +49 (0) 511 762-3712 

Institute for steel Construction rutkowski@stahl.uni-hannover.de 

Dr. Nadja Saleck +49 (0) 441 36116-733 

Institute of Physics –  
Energy and semiconductor research 

nadja.saleck@forwind.de 

Prof. Dr.-Ing. Peter Schaumann +49 (0) 511 762-3781 

Institute for steel Construction schaumann@stahl.uni-hannover.de 

Dipl.-Oec. Christoph Schwarzer +49 (0) 441 36116-724 

ForWind Competence Center Oldenburg christoph.schwarzer@forwind.de 

Elke Seidel +49 (0) 441 36116-730 

ForWind Competence Center Oldenburg elke.seidel@forwind.de 

Dr. Abha Sood +49 (0) 441 36116-732 

Institute of Physics –  
Energy and semiconductor research 

abha.sood@forwind.de 

Dipl.-Phys. Christian Steigerwald +49 (0) 441 798-3477 

Institute of Physics -  
Hydrodynamics and wind energy 

christian.steigerwald@uni-oldenburg.de 
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Dipl.-Phys. Bernhard Stoevesandt +49 (0) 441 798-3577 

Institute of Physics –  
Hydrodynamics and wind energy 

bernhard.stoevesandt@forwind.de 

Dipl.-Phys. Robert Stresing  +49 (0) 441 798-3007 

Institute of Physics -  
Hydrodynamics and wind energy 

robert.stresing@forwind.de 

Kay Suselj +49 (0) 441 336116-732 

Institute of Physics –  
Energy and semiconductor research 

kay.suselj@forwind.de 

Dipl.-Phys. Jens Tambke +49 (0) 441 36116-736 

Institute of Physics –  
Energy and semiconductor research 

jens.tambke@forwind.de 

Dipl.-Phys. Arne Wessel +49 (0) 441 36116-735 

Institute of Physics –  
Energy and semiconductor research 

arne.wessel@forwind.de 

Dipl.-Ing. Jens Wiemann +49 (0) 201 183-2673 

Institute for Soil Mechanics, Foundation 
Engineering, Rock Mechanics and Tunneling,  
U Duisburg-Essen 

jens.wiemann@uni-due.de 

Dipl.-Ing. Fabian Wilke +49 (0) 511 762-3367 

Institute for steel Construction wilke@stahl.uni-hannover.de 

Dipl.-Phys. Gerrit Wolken-Möhlmann +49 (0) 441 798- 3007 

Institute of Physics -  
Hydrodynamics and wind energy 

gerrit.wolken-moehlmann@forwind.de 

Dipl.-Ing. Stephan Zerbst +49 (0) 511 762-4393 

Institute of Structural Analysis s.zerbst@isd.uni-hannover 

Prof. Dr.-Ing. Werner Zielke +49 (0) 511 762-3567 

Institute of Fluid Mechanics and Computer 
Applications in Civil Engineering 

zielke@hydromech.uni-hannover.de 
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13.2 Associated Staff Members 

Prof. Dr.-Ing. Werner Richwien +49 (0) 201 183-2857 

Institute for Soil Mechanics, Foundation 
Engineering, Rock Mechanics and Tunneling,  
U Duisburg-Essen 

werner.richwien@uni-essen.de 

Prof. Dr.-Ing. Martin Kühn +49-(0)711 685-8258 

Endowed Chair of Wind Energy at the Institute of 
Aircraft Design, University of Stuttgart kuehn@ifb.uni-stuttgart.de 
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