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GREETING 

During the past two decades the wind energy market has become fully international. To appreciate an institution’s 
significance in the marketplace, one has to assess which value in terms of relevant knowledge and innovations is 
added to the developments as a whole. The more unique and application oriented the know-how an institution like 
ForWind has to offer, the stronger its basis for existence is. Another success factor is being part of key international 
and in particular, European networks. 

During its relatively short existence, ForWind has managed to become a very active partner in crucial networks such 
as the European Technology Platform Wind Energy (TPWind) and the European Academy of Wind Energy (EAWE). 
This position, in combination with that of a provider of unique knowledge, has made ForWind a full-fledged partner 
in the European R&D community.

To better understand what that means, the achievements of ForWind have to be seen from the perspective of key 
trends in wind energy technology. The present situation is characterized by a sustained market growth of spec-
tacular proportions (close to 30% per year during the last 7 years) and significant up scaling of both wind turbine 
dimensions and wind farm capacities. At the same time, the dream of installing wind turbines offshore as a way to 
avoid all forms of opposition against wind turbines on land has begun to materialize. Wind energy is quite visible 
by the energy balances of different countries, notably Germany, Spain and Denmark. (At the end of 2008, the total 
national electricity needs of Germany, Spain and Denmark were covered to 9%, 12% and 20%  by wind energy.) 
Also on continental energy maps, wind energy can no longer be ignored. For the European Union and the world 
these figures are 3.7% and 1.3% respectively. These contributions were realized by 66 GW installed wind power in 
Europe out of 122 GW worldwide. 1.4 GW were installed offshore, all in European waters.
 
One comes to realize that we are at the brink of a new wind energy technology era if we compare our past achieve-
ments with what has to be achieved in the near future. The European Wind Energy Association foresees an installed 
wind power of approximately 180 GW in Europe by the year 2020, of which 20 to 40 GW are to be installed offshore. 
The European Commission considers these targets an essential contribution to its “20 – 20 – 20” objective 
(20% renewable energy, 20% more energy efficiency, 20% green house gas reduction by the year 2020). During 
the coming 12 years we have to install almost twice as many MW’s compared to what we did in the past 30 years. 
Although the most recent installation rates (6.25 GW per year averaged over the last 4 years) do not dramatically 
differ from what is needed in the near future (9.5 GW per year during the coming 12 years), the consequences are 
quite dramatic. If we do not quantify the demands for raw materials, manufacturing capacity, manufacturing tech-
nology, installation and transport facilities, grid connection capacity, wind system concepts and last but not least, 
expertise, it is impossible to form a global picture of the necessary research needs. 

Among various critical factors which were identified among others by the industry during the discussions of TP-
Wind, the lack of “brains” stands out. In particular when it comes to bridging gaps between specific scientific and 
engineering disciplines from the wind energy technology on the one hand and generic disciplines like mathematics, 
material sciences, fluid and solid mechanics on the other, ForWind has shown its importance. The challenge for 
ForWind is to maintain this pioneering position in the future.

The present annual report 2008 is a fine illustration of how ForWind brings results from the scientific worlds of 
the Carl von Ossietzky Universität in Oldenburg and the Leibniz Universität in Hannover (energy meteorology, fluid 
mechanics, solid mechanics, civil engineering, electrical engineering, computer sciences) to the market place. This 
is an excellent starting position to maintain ForWind’s frontier role in new organizational wind energy research 
frameworks which are now developing in Germany.

Ir. Jos Beurskens
Chairman of the ForWind Advisory Board
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PREFACE

Five windy years are now behind us: ForWind was founded in 2003 with the support of the Ministry for Science 
and Culture of Lower Saxony. During this time period, the wind energy sector underwent a dramatic transforma-
tion. Five years ago, wind energy was seen as a force to be taken seriously, however, its great significance for the 
energy supply had yet to be recognized in the mind of the public. The ongoing discussions on the finite nature of 
fossil fuel resources; on price development for fossil energy as well as on impending climate changes have created 
long-lasting repercussions concerning how the overall value of wind energy is perceived. In addition, the increase 
in efficiency in the production of wind-generated electricity has led to the view of wind energy as a success story: 
the world-wide growth rates are currently running at 20% or more per year�. Moreover, this is a tendency which will 
continue in the coming years. The planned offshore wind farms promise a further great increase in potential. 

Five years ago, engineers and scientists viewed wind energy research as one interesting new field of application 
among others. Despite large centers of research, particularly in Denmark and the Netherlands, the significance 
of wind energy research faced a lack of appreciation. That is all changing now: there is a great need for innovative 
solutions and new developments. Education and continuing education are in intensive demand – from students 
but also from experts and managers with the desire to qualify themselves to meet the requirements of the wind 
energy sector. 

As a consequence, we find ourselves in a new situation: wind energy research has established itself and is developing 
into its own independent area of research which is the focus of more and more interest. ForWind is actively contrib-
uting to this: in 2009 the center will expand, welcoming the University of Bremen as a new partner. The Fraunhofer 
Gesellschaft has recognized the issue as trend-setting, not least due to the preliminary work of ForWind, and founded 
the Fraunhofer Institut für Windenergie und Energiesystemtechnik (IWES). Through IWES research groups, the coop-
eration between ForWind and the Fraunhofer Gesellschaft is to take hold.

Five lively and successful years are behind us, but the windy times are long from over. With the massive expansion 
of wind energy comes an increased demand for competent research. More reliable and effective wind turbines 
must be developed; that requires know-how in different areas of research – which we wish to demonstrate in this 
annual report. Contributing to the shaping and advancement of this development is especially important for the 
German Northwest. As one of the most prominent wind energy regions in the world, the location will continue 
to play a large role in the future for industry, science and education. This development will be actively shaped by 
ForWind in the years to come.  

      
 Prof. Dr. Joachim Peinke     Prof. Dr.-Ing. habil. Raimund Rolfes
 Academic Speaker      Deputy Speaker

� According to data from the European Wind Energy Association EWEA, the global wind energy capacity increased by 28.8% in 2008. 
   See: www.ewea.org
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ForWind, the Center for Wind Energy 
Research of the Universities of Olden-
burg and Hannover, combines scientific 
know-how with research geared towards 
the industry. ForWind bundles the com-
petencies of both universities and is an 
adept industry contact. The administra-
tive office of ForWind is located in Ol-
denburg. 

1.1 Executive Board

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

The current executive board is made up of: 

Prof. Dr. Joachim Peinke 
(Academic Speaker) 

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

Dr. Detlev Heinemann 

Prof. Dr.-Ing. Peter Schaumann

 FORWIND – CENTER FOR WIND ENERGY RESEARCH

�.The Organization

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

Dr. Detlev Heinemann

ForWind was founded in 200� through 
the support of the Ministry for Science 
and Culture of Lower Saxony. Since 2006, 
a formal agreement of both universities 
exists to form a corporate research center 
as a joint institution. 

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

Prof. Dr.-Ing. Peter Schaumann



7Annual Report 2008

1.2 Scientific Advisory          
Council

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

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

Hermsmeier, Jörg, Dr. 
EWE Aktiengesellschaft 

Hulek, Klaus, Prof. Dr.
Leibniz Universität Hannover 

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

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

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

Schneidewind, Uwe, Prof. Dr. 
Carl von Ossietzky Universität Oldenburg

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

Schubert, Matthias 
REpower Systems AG

Tworuschka, Hartmut, Dr. 
HOCHTIEF Construction AG

1.3 Research Institutes

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

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

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

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

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

Institute of Fluid Mechanics and Environ-
mental Physics in Civil Engineering, 
Leibniz Universität Hannover, 
Prof. Dr. Insa Neuweiler

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

Institute of Physics, Hydrodynamics and 
Wind Energy, 
Carl von Ossietzky Universität Oldenburg, 
Prof. Dr. Joachim Peinke

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

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

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

1.4 Associated Members    
of ForWind

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

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



8

2. Research Center

2.1 Turbulence Modeling   
and Turbulence Interaction 
(RP I)

Carl von Ossietzky Universität Oldenburg, 
Institute of Physics
Julia Gottschall, Hendrik Heißelmann, 
Pascal Knebel, Joachim Peinke

Description

This project is devoted to the impact of 
turbulence on wind energy converters. 
In particular we studied three different 
aspects, namely, the improved high fre-
quency measurement of wind speed as a 
basic characterization of turbulent wind 
conditions, the dynamic stall as a typical 
interaction of wind fluctuations with the 
rotor, and the effects of turbulent wind 
fluctuations on the power output.

The first two aspects were pure experimen-
tal approaches and have led to the develop-
ment of a new type of anemometer, which 

we call the “sphere anemometer”. This 
sphere anemometer is as simple as the 
cup anemometer but does not have mov-
ing parts and measures the wind speed 
more accurately. For the dynamic stall 
measurements an experimental set up has 
been developed which allows to change 
the angle of attack on a profile rapidly. 
Based on a contact-free measurement 
technique the overshoot of the lift forces 
and the onset of the stall effect could be 
measured dynamically. As a next step we 
have developed an active grid to generate 
typical turbulent wind fluctuations under 
laboratory conditions in the wind tunnel. 
Thus the impact of reproducible turbulent 
wind conditions can be investigated in 
our wind tunnel, which seems to be in this 
wind application unique worldwide. 

For the third aspect we developed a new 
procedure to estimate the power character-
istic from high frequency turbulent wind- 
power data. This work has somehow at-
tracted most attention. The published paper 
was selected as one of the “Best of 2008” 
for the journal Environmental Research 
Letters (ERL). Also the PhD Student Julia 

Gottschall received the Young Wind Doc-
tor Award of the EAWE 2009.

Activities

Further Development of Sphere 
Anemometer

The sphere anemometer makes use of 
the velocity-dependent displacement of 
a bending tube caused by the drag force 
acting on the sphere and its support. The 
high resolving light pointer principle, 
known from atomic force microscopes, is 
utilized to detect the displacement of the 
sphere. This makes the sphere anemom-
eter a simple and robust sensor without 
any wearing parts. The velocity-induced 
deflection of the laser spot is detected via 
a two-dimensional position sensitive de-
tector and can be related to the flow ve-
locity by calibration.

During 2008 the first promising con-
struction of the sphere anemometer was 
improved and characterized in detail. A 
streamlined construction of the anemom-

Figure 1: First prototype (left) and refined 
setup (right) of sphere anemometer.

Research Center
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eter case was realized (see Fig. 1) and the 
measurement technique was simplified by 
replacing the previously used combination 
of beam splitter and mirror by a small laser 
diode embedded into the sphere. The influ-
ence of different tube materials and sphere 
structures on the sensor calibration was 
examined. A two-dimensional calibration 
characteristic was obtained permitting the 
precise detection of the two-dimensional 
in-plane velocity vector. Hence, the sphere 
anemometer is capable of measuring wind 
speed and direction simultaneously.

In experimental investigations the sphere 
anemometer showed a higher temporal 
and spatial resolution compared to cup an-
emometers and unlike these did not exhibit 
any over-speeding, which is a common 
problem for measurements with cup-an-
emometers.

Wind Tunnel Measurements: 
Dynamic Stall and Active Grid

The working conditions of wind turbines 
are characterized by a high degree of tur-
bulence superimposed to the wind velocity 
gradient of the boundary layer. The veloc-
ity gradient yields to periodic changes of 
the angle of attack on the rotor blades dur-
ing the rotation.

High turbulence intensity means high fluc-
tuations of the wind velocity resulting in 
a dynamic change of the angle of attack 
as well. In contrast to the former one, the 
last one is stochastic and determined by the 
intermittent (gusty) statistics of the wind 
velocity. Periodic changes of the angle of 
attack yield to higher lift forces and are 
well known from helicopter aerodynamics. 
This effect is called Dynamic Stall.

The structural interaction of turbulent 
inflow with the blades is up to now only 
insufficient experimentally investigated. 
Known outcomes are contradictory. Pre-
sumably that might be explained by the us-
age of different airfoils for the performed 
examinations as well as by an insufficient 
characterization of the turbulent inflow 
conditions. One reported effect is that un-

der turbulent inflow stall arises at higher 
angles of incidence than in laminar flow. 
This effect is sometimes called Delayed 
Stall.

A lack of measurements in comparable 
flow conditions make it difficult to give 
reliable predictions of the arising loads 
and load alternations acting on the blades 
of wind turbines (compare also report RP 
IX). 

For the examinations of dynamic stall in 
the wind tunnel of the University of Olden-
burg, the lift forces on airfoils are deter-
mined via 80 pressure gauges to determine 
the pressure distribution over the wall of 
the test section. The airfoil is rotated by a 
stepping motor.

In order to examine the impact of turbulent 
inflows an active grid has been constructed. 
It allows the creation of flows with high 
turbulence intensity, large turbulent struc-
tures and intermittent increment statistics 
of the velocity on large time and length 
scales, which is characteristic for natural 
wind fields. More detailed descriptions can 
be found in the former annual reports.

During the last year the programs (written 
in CVI and LabVIEW) for data acquisi-
tion, control of the active grid and of the 
airfoil, the wind tunnel control and the tra-
versing system have been improved or rec-
reated. This includes the implementation 
of ActiveX interfaces for the automation 
of different measurement schedules. The 
creation of sequences is done in Teststand, 
test management software of National In-
struments that has been purchased for that 
purpose. Systematic examinations have 
become strongly simplified or become 
initially be possible by the automation pro-
cess.

In the data acquisition, the data is writ-
ten in ROOT-files. ROOT is a C++ class 
library and an object-oriented software for 
data analysis which has its own file for-
mat. ROOT is developed by CERN and 
originally designed for the data analysis in 
particle physics. It is open source software 
and available for any operating systems 

inclusive Windows, Linux and MacOS. 
Each ROOT-file can be organized in a di-
rectory like structure making it possible 
to store description data in addition to the 
raw data in a hierarchical way. One of the 
key features of ROOT is the handling of 
large amount of data. Before written in bi-
nary format to disk the data becomes com-
pressed. 

Due to the smaller required disk space, the 
data can directly be written to a network 
drive and in parallel to the acquisition 
analyzed on second computer. By these 

Figure 2: (a) Probability density functions 
for measured wind speed increments uτ = 
u(t+τ)-u(t) (for τ =  5 s, 15 s, 30 s from 
the bottom up), and (b) for the respective 
measured and reconstructed (grey, based 
on proposed dynamical Langevin model) 
power increments Pτ = P(t+τ)-P(t) (for τ 
= 15 s, 30 s).
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developments inaccurate measurements 
can directly be detected and if needed 
repeated during the measurement period 
and so a more efficient use of the limited 
measurement time in the wind tunnel has 
been managed.  

By an extension of the active grid setup in 
the last year the movement of the airfoil 
can now also be operated by the active grid 
control. Therefore in principal it has be-
come possible to run non-sinusoidal driv-
ing profiles. An insufficient power of the 
stepping motor is the reason why up to now 
no stochastic moving patterns have been 
examined. 

For the development of a phenomenological 
load model the lift coefficient has system-
atically been measured against the average 
angle of attack, the amplitude of the angu-
lar velocity and the amplitude of the angle 
of attack. As an outcome the maximum lift 
coefficient is increasing with increasing an-
gular velocity and could be described by an 
exponential function in the measurement 
range. The rather small power of the step-
ping motor mentioned above is the reason 
for a relatively strong limited measurement 
range regarding the angular velocity and 
can explain why no absolute maximum of 
the lift coefficient could be found.  

Additional measurements were performed 
for a more complete characterization of the 
active grid. This includes measurements of 
turbulence decay in dependence of the used 
forcing protocol and the incident wind 
velocity as well as measurements regarding 
the homogeneity of the horizontal velocity 
profile downstream the grid. Further on it 
has been achieved to create horizontal gra-
dient velocity profiles with the active grid. 
In addition a new kind of forcing protocol 
was developed, that yields to better results 
concerning the desired flow properties than 
conventional forcing patterns do. Thus with 
this setup we are able to generate inflow 
conditions which are very similar to those 
in real wind situations. The advantage: with 
our setup we can perform well-controlled 
and reproducible experiments.

Analysis of Power Characteristics / 
Dynamical Power Curve Estimation

Already in former years, we introduced 
– based on considerations about turbulence 
effects on the process of wind power con-
version – a method to determine the power 
characteristic of a wind energy converter 
(WEC) that is more efficient and more 
accurate than the standard method due to 
IEC 61400-12-1. The developed method is 
based on the theory of Langevin processes, 
describing the response of the WEC to the 
fluctuating wind as a stochastic process. 
Essentially, the method is characterized 
by its dynamical approach. In contrast to 
other conventional methods, the relaxation 
dynamics of the power output, i.e. the 
actual effective system behavior, is con-
sidered for the reconstruction of the rela-
tion between wind speed and power output 
defining the power conversion process.

During 2008, we continued in validating the 
approach for numerical data and tested it for 
different sets of measured wind speed and 

power data. We also finished the joined 
project “Wind turbulences and their im-
pact on the utilization of wind energy” that 
was funded by the BMBF for duration of 
three years during 2005 and 2008 (official 
code of funding: 03SF0314A). For our part 
in this project, the main emphasis was on 
reconstructing the effects of turbulence on 
the power conversion of the WEC. A cru-
cial result is shown in Figure 2, illustrat-
ing the transfer of turbulent fluctuations 
in terms of wind speed and power output 
increments.

In parallel, the explicit procedure of estimat-
ing the dynamical power characteristic was 
further developed and important improve-
ments were implemented in the respective 
algorithms. An advanced estimation of final 
uncertainties was developed and further de-
sign parameters were discussed. 

Figure 3 shows the result of a “complete” 
power characteristic for a data set that was 
measured and evaluated in the framework 
of the above mentioned joined project.

Figure 3: Dynamical power characteristic, consisting of the re-
constructed deterministic drift field (arrows) and the estimated 
fixed points (dots and error bars), for a set of measured data.

Research Center
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2.2 Offshore 
Meteorology (RP II)

Carl von Ossietzky Universität Oldenburg, 
Institute for Physics
Abha Sood, Kay Suselj, 
Detlev Heinemann

Motivation

The limitations in the current approach for 
offshore wind resource assessment are ap-
parent since the extrapolation of boundary 
layer wind data from the sparsely distrib-
uted in-situ measurement sites is not rep-
resentative. Therefore it is vital to ascer-
tain the ability of the model simulations to 
adequately represent the marine boundary 
layer in more spatial detail by validating 
the results with high temporal and spa-
tial resolution in-situ measurements. The 
model simulations in the future can then 
be used in lieu of expensive on-site mea-
surements for better spatial coverage. The 
additional advantage of simulation data 
is that the long term information of the 
boundary layer characteristics for which 
no measurement data are available can be 
reconstructed from past climate data and 
computed for future climate scenarios.

For a more extensive investigation of 
some less well comprehended aspects of 
the offshore and coastal boundary layer 
wind field, a measurement campaign 
was launched in cooperation with the TU 
Braunschweig during the spring season of 
2008 at the North Sea coast in north-west-
ern Germany and the FINO-1 platform 
with a Helipod turbulence probe mounted 
under a helicopter. The motivation was to 
detect and examine the deficits in the pa-
rameterizations used in the models in con-
siderable detail, in particular, of the stable 
boundary layer which occurs for the cool 
sea – warm air conditions prevalent in par-
ticular during the spring season. In subse-
quent projects, a further improvement in 
the boundary layer parameterization on the 
basis of this assessment can be undertaken 
and the impact of the improved representa-
tion of the land-sea interface on mesoscale 
circulation pattern in the German Bight 

be examined and validated with measure-
ments from the offshore, island and coastal 
meteorological stations.

The ongoing research efforts for this sub-
project were focused in 2008 on conduct-
ing an in-situ measurement campaign over 
the coastal and the offshore regions in the 
German Bight, assessing the impact of 
long term past and future surface wind cli-
mates trends and their impact on the long 
term wind resource variability in the Ger-
man Bight (MODOBS), measurements of 
multi-megawatt wind turbine wakes using 
turbulence probes.

Approaches / Activities

The structure of the boundary layer flow 
is related to the large scale circulation pat-
terns as well as the correct representation 
of the surface conditions determined by 
e.g. orography, land use, surface rough-
ness etc. The atmospheric boundary layer 
(ABL) flow is more complex over the land-
sea transition zone due to the formation of 
coherent mesoscale land-sea breeze circu-
lation triggered by abrupt changes in the 
surface roughness and thermal forcing. 

In the following, we begin with investigat-
ing the sensitivity of the boundary layer 
flow to the surface forcing at the land-sea 
transition zone including the coastline, 
the islands, the near (< 10 km) and the far 
offshore regions and compare the in-situ 
measurement with high resolution meso-
scale model (WRF) simulations.

Measurements of the Coastal and the
Marine Planetary Boundary Layer 

The marine ABL is more stable and less 
mixed due to low surface friction and 
high heat capacity of water which implies 
strong shear in the vertical wind profile. 
The change in SST close to the coastline 
is quite complex due to a sharp change in 
temperature and roughness gradient be-
tween the sea and the coast. The turbulent 
eddies formed in the lower atmosphere due 
to the influence of surface friction are   pa-
rameterized in the mesoscale or boundary 
layer models where enhanced mixing due 
to turbulence is considered. Mostly semi-
empirical approach is applied, where the 
parameters of the theory are determined 
from the measurements. Since until re-
cently, only measurements over land were 
available and special features of sea sur-
face were not specifically considered in the 
ABL models, the WRF model is validated 
with FINO-1 point measurements for the 
different atmospheric stability conditions.
 
Selected in-situ high resolution airborne 
measurements using the Helipod turbu-
lence probe specifically designed to test the 
boundary layer parameterizations augment 
the point measurements from the FINO-
1 tower and the meteorological stations. 
Two sets of turbulence measurements 
were taken in the boundary layer. In the 
first set, temperature, three components of 
wind velocity, humidity and CO2 measure-
ments were taken at the coast, in front and 
behind Borkum at three different heights 
in the boundary layer. The second set of 
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measurements was taken at a square around the 
FINO-1 site also at  three different heights.

Wakes from Multi-megawatt Wind Turbines 
and Wind Farms

The turbulent wakes produced by wind turbines 
modify the ambient wind conditions consider-
ably for wind turbines within large offshore 
wind farms. In particular, wake structures from 
large 5-6 MW wind turbines at the onshore 
coastal wind turbine testing site in Rysumer 
Nacken west of Emden in the north-west of 
Germany. Measurements of the inflow and 
wake conditions at three heights were taken.

Long Term Variability 

The North Atlantic Oscillation (NAO), which 
is described by the pressure gradient anomaly 
between the north-west Europe (usually Ice-
land) and south-west Europe (usually Azores) 
is known to have a strong influence on the sur-
face wind climate over the northern Europe, 
especially during the winter season.
  
A similar regional spatial pressure pattern (SLP) 
has previously been derived which is shown to 
have a more dominant influence on the wind 
speed variability of the North Sea [1]. The 
variability of the North Sea 10 m wind speed 
(WS10) for the 59 years (1948-2006) period is 
mostly well represented by the low resolution 
NCEP reanalysis data due to high spatial coher-
ency of the WS10 over the sea.  

The relationship of the long-term large scale 
atmospheric circulation patterns related to the 
past and the future climate states are investigat-
ed with respect to its influence on the surface 
wind fields within the EU-Marie Curie RTN 
project MODOBS. The seasonal trend in wind 
speed for the past (1961-2000) and the future 
(2061-2100, SRES A2 scenario) period as pre-
dicted by the average of 29 ensemble members 
of 16 IPCC global circulation models is pre-
sented in Figure 2. A signal of an increase in 
the wind speed by a magnitude of 0.5-1 ms-1 is 
captured over the North Atlantic and the North 
Sea mostly for the winter season whereas for the 
other seasons, the trend is very weak and incon-
clusive. Most though not all simulations show the 
same results: 80% of the model simulation show 
a change in the wind speed in the range presented 

Figure 1a: Helipod turbulence probe

Figure 1b:  Wind turbine testing site in Rysumer Nacken near Emden

Research Center
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in the middle and right column of Figure 
2. Thus sustained wind energy resource is 
probably available in the North Sea region 
even in the future changing climate though 
not much is known about the distribution 
of the change, especially regarding the ex-
treme conditions.

Figure 2: The change of the mean WS from past (1961-2000) to future (2061-2100) climate. First column: the GCM 
mean change derived from Projected Principle Components (PPC), second column: 90 percentile of WS change 
derived from Trend Principle Components of the SLP (TPC) and third column: 10th percentile WS change estimated 
from the PPC.

Mean PPC 90th perc (TPC) 10th perc (PPC )
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2.3  Wind Power 
Forecasting and Grid 
Integration (RP III)

Carl von Ossietzky Universiät Oldenburg, 
Institute of Physics
Jens Tambke, Nadja Busch-Saleck, Jinhua 
Jiang, Thomas Petroliagis, Miriam Wolff, 
Lüder von Bremen, Florian Bertsch,          
Detlev Heinemann

Description

The project “Wind Power Forecasting and 
Grid Integration” supports scientifically the 
development of tools and strategies for the 
integration of wind power into current and 
future electricity supply systems. The fore-
casting-group develops and evaluates dif-
ferent methods for the prediction of wind 
power in the range of 0-96 hours, aiming 
to achieve higher precision. In 2008, the 
forecasting-group started to develop a new, 
improved and unified forecasting model 
(written in Python), which will be released 
in 2009. It is based on the experiences with 
the commercially very successful system 
“Previento” and the research tool “Hugin”, 
both developed at ForWind in recent years. 
The new model can be run with input data 
from many different weather services. On 
ForWind’s website, a free online forecast 
is available, updated four times a day, and 
based on GFS-weather forecasts.

The quality of input wind data is crucially 
important for power prediction models. 
Thus, meso-scale modeling and ensemble 
predictions, which are a combination of 
several weather prediction runs or models, 
are used to get adequate wind predictions 
which serve as input data for the wind 
power prediction tools. Ensemble predic-
tions realized by the combination of EC-
MWF’s, DWD’s and HIRLAM’s forecast 
model show a considerable improvement, 
especially in periods of low error correla-
tion (spring and summer). The meso-scale 
Weather Research & Forecasting (WRF) 
model was installed and evaluated as part 
of the project WISENT. Results show still 
some positive biases which can be due to a 

lack of tuning. But overall, the performance 
of the WRF model is very encouraging.

The quality of the wind data first of all 
depends on the performance of numerical 
weather models as mentioned above. The 
correction of them using real time observa-
tions of wind speed or wind power provides 
the opportunity for a closer adaption to 
reality. Systematic errors and particularly 
phase errors that are caused by delayed or 
early predicted weather fronts can be low-
ered considering this data. Our forecasting 
group works on this topic and contributed 
to the project DWIND-Monitor.

Wind power predictions can be made 
available efficiently by online platforms. 
Those platforms and their underlying pro-
cesses have been developed in the projects 
DEMS and WISENT. Our research group 
contributed to these projects with wind 
power and load predictions.

SafeWind

ForWind is a major project partner in the 
new EU-project SafeWind. This project 
deals with multi-scale data assimilation 
and advanced wind modeling and forecast-
ing with focus on extreme weather situa-
tions.

In addition to deterministic power fore-
casts, there is growing interest in addi-
tional information like the uncertainty of 
the forecast or the probability of extreme 
weather situations which may cause cut-
off events. To provide this information, 
ForWind's improved power prediction 
system processes not only deterministic 
but also ensemble weather forecasts (e.g. 
the ECMWF-EPS) as well as output from 
combined prediction models.

In the framework of the new EU-project 
SafeWind, we apply enhanced data as-
similation techniques to produce updated 
wind fields over Europe using new sources 
of observations and latest high resolution 
NWP. Extreme wind power prediction 
errors are detected with the help of the 
meteorological fields of wind vector, sur-

face pressure and temperature to identify 
phase-shifts, strong intensification of low 
pressure systems, or potential cut-offs of 
wind turbines. The wind power forecasts 
are then updated based on a correction of 
the wind fields with the derived wind map. 
In addition, nudging of wind energy fore-
casts using real-time observations from 
different spatially diverse sources such as 
meteorological or wind farm data is used 
to produce a more detailed wind analysis.

The difference between the current and the 
forecasted wind field is exploited to com-
pute wind speed increments. They enable 
to correct for intensification or local devel-
opment of low-pressure systems. These in-
crements are getting smaller with increas-
ing forecast step to take the limited validity 
in time of the increment into account. The 
role of the weather regime is analyzed as 
well. In highly advective situations, the 
importance of increments decline more 
rapidly than in weather situations with lo-
cal developments.

Special attention is paid to the detection 
of cut-off events and strong wind gusts. 
Ensemble Prediction Systems (EPS) are 
evaluated using temporally highly re-
solved observation data to determine the 
probability of extreme events in a certain 
time interval. Clustering methods will be 
applied to establish risk classes which will 
be applied to operational use.

The ECMWF's forecast model computes 
a gust factor that is defined as the maxi-
mum wind speed at 10 m height that oc-
curs since the last archiving step. This gust 
factor is not the best option to model gusts 
at hub height of modern wind turbines. In 
contrast to this, a derived gust factor at hub 
height is ideal to forecast the probability of 
cut-off of wind turbines in a certain time-
interval. An example of the current gust 
factor at 10 m height is depicted in Figure 
1. It covers the time period of the storm 
Kyrill in Central and Northern Germany.

Validation data requires high sampling 
rates to observe wind gusts. Meteorologi-
cal wind met masts equipped with sonic 
anemometer (e.g. FINO1) and LIDAR sys-
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tems provide the most accurate observation 
of gusts in a very high temporal resolution. 
The development of the methodology to 
verify probabilistic gust forecasts with 
high-resolved observational data is the 
major step in this new approach. It gives 
insight into the possibilities to predict cut-
offs of turbines more accurately.

Figure 1: Average Gust Factor [m/s] at 10 meters height. This ECMWF forecast has been initiated at 15-01-2007 12UTC and is valid 
for 69 to 72 hours. It shows the approaching storm “Kyrill“.
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2.4 Environmental Loads 
on Offshore Wind Energy 
Converters (RP IV)

Leibniz Universität Hannover, Institute 
of Fluid Mechanics and Environmental 
Physics in Civil Engineering
Thomas Kossel, Martin Kohlmeier, 
Werner Zielke

Introduction

For the design of reliable and cost opti-
mized offshore wind energy converters 
(OWEC), it is important, to have an exact 
knowledge of the environmental loads. A 
significant portion of them, especially in 
greater water depth, are from wave action. 
A profound understanding associated with 
a correct reproduction in numerical simu-
lations is essential in order to gain satisfac-
tory modeling results and a reliable design 
basis.

The software WaveLoads has been devel-
oped at the Institute of Fluid Mechanics. It 
is a simulation tool for the calculation of 
wave induced loads on hydrodynamically 
transparent structures such as monopiles, 
tripods and jackets of OWECs. The imple-
mented approaches for sea state modeling 
and calculation of wave loads have been 
presented in the previous annual reports.

The latest activities have focused on the 
integration of WaveLoads in simulation 
frameworks. The different processes and 
their interactions can now be observed 
in integral OWEC simulations. In these 
frameworks WaveLoads serves as a load 
generation module and can be used as 
finite element preprocessor. New features 
have been implemented to further improve 
the load calculation.

The Offshore Code Comparison Collabo-
ration (OC3) of the International Energy 
Agency (IEA) has provided the opportu-
nity for code-to-code verification and sim-
ulation result comparison. The simulation 
results from the finite element approach 

using WaveLoads for model setup and load 
generation are compared to results from 
established codes as well as to other newly 
developed codes.

Simulation Software WaveLoads

The software WaveLoads is a simulation 
tool for the estimation of environmental 
loads due to waves on offshore wind ener-
gy converters. The water particle kinemat-
ics, surface elevation and wave loadings 
can be computed for the following wave 
theories [1]:

 Regular Waves
– Linear wave theory (Airy)
– Stokes 2nd, 3rd, 5th order wave theory
– Stream function wave theory by Dean,   
   Sobey or Fenton

Irregular Waves
– 1-D sea state (based on Airy or Stokes   
   2nd order)
– Wave kinematics estimation based on 
   prescribed water surface elevation

Figure 1: Calculation steps in WaveLoads

Research Center



�7Annual Report 2008

– Constrained model with embedded indi-
   vidual extreme wave
– 2-D sea state including waves traveling  

in different directions of prescribed dis-
tribution

The loads are calculated from the resulting 
wave kinematics using the Morison equa-
tion [2].

WaveLoads’ interfaces to finite element 
programs provide model data, load input 
and calculation commands for ANSYS®, 
MSC Nastran® or Abaqus®. A complete 
transient analysis with adjacent post-
processing can be performed without user 
interaction. With this approach (Fig. 2) us-
ing WaveLoads and ANSYS the calcula-
tions for the OC3 project (see below) have 
been performed.

The required interfaces to integrate 
WaveLoads as a load generation module in 
simulation frameworks are provided by a 
dynamic link library (DLL). It can be di-
rectly linked to other applications such as 
multibody simulations and finite element 
applications or be used in graphical user 
interfaces for visualization of wave ki-
nematics. Program communication can be 
performed through files or by direct data 
exchange. For further details see research 
project IX.

Activities

After in-house validation of WaveLoads 
using measurements of the research plat-
form FINO 1 and the measurement mast 
Amrumbank West (see previous reports) 
the Offshore Code Comparison Collabora-
tion (OC3) gave the opportunity for further 
research [3].

OC3 operates under Subtask 2 of the In-
ternational Energy Agency (IEA) Wind 

Annex XXIII. It gives the opportunity of 
code-to-code verification and simulation 
result comparison [4, 5, and 6].

The NREL 5MW baseline wind turbine [7] 
is combined with different support struc-
tures. The results presented here are calcu-
lated with the turbine mounted on a tripod 
substructure with fixed foundation in 45 m 
water depth. Wind and wave directions are 
the same, the upwind leg points directly 
into the wind. For each structure differ-
ent load cases with increasing complexity 
were defined to allow easy identification 
and elimination of errors such as modeling 
errors, errors in the code or inaccuracy 
resulting from different applied theories. 
Load cases without wind loads enabled the 
finite element approach using WaveLoads 
and ANSYS to participate in the result 
comparison (Fig. 3, left). In this approach 
the turbine and rotor blades are modeled as 
mass points without the need of a coupled 
aeroelastic simulation module.

The simulation approach using WaveLoads 
/ANSYS showed fairly good results right 
from the beginning. The further develop-
ment and integration of new features led to 
very good agreement with the final results 
from other codes in the modal analysis as 
well as in transient analysis of different 
load cases. Two exemplary time series of 

Figure 2: Finite element simulation framework

Figure 3: Time series of internal forces (kN) in wave direction in central tube and in 
upwind leg, calculated by WaveLoads/ANSYS (blue) and other OC3 participants (grey).
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internal forces from a load case with 8 m 
wave height and 10 s wave period are de-
picted in Figure 3.

In the process of improving the simulation 
approach, the following features have been 
implemented in WaveLoads:

· In addition to loads due to water waves, 
the calculation of buoyancy loads has 
been implemented into WaveLoads, 
thereby taking into account the dynamic 
water pressure.

· Coarse discretization near the water sur-
face can lead to erroneous wave loads. 
WaveLoads overcomes this problem 
through detailed integration of the load 
on the respective members with consid-
eration of the submersion depth.

· Loads on tapered members – espe-
cially from waves – are very sensitive 
to the discretization of the structure. 
WaveLoads can calculate locally refined 
loads in a dual mesh approach and inte-
grate the loads to the structure elements 
geometries.

· Overlapping beam sections of the struc-
ture lead to wrong buoyancy and mass 
calculations as well as overestimated 

wave loads in the joints. WaveLoads 
identifies these joints and calculates 
buoyancy, mass distribution and wave 
loads correctly.

Overall simulation results are discussed in 
detail by Nichols et al. [5] and Vorpahl et 
al. [6]. In conclusion, great improvements 
by all participants have been observed.

As a general modeling issue the shear de-
flection appears to be important when the 
relative displacements of different sec-
tions of the structure affect the distribution 
of loads. This was observed at the tripod 
and will most likely be of the same effect 
for jacket structures. The problem can be 
overcome using Timoshenko elements 
rather than Euler-Bernoulli elements.

Conclusion

This report presents the further develop-
ment of the simulation approach using 
WaveLoads and its interface to finite ele-
ment tools. WaveLoads is used as load 
generator as well as a preprocessor setting 
up the finite element model and scripting 

the solution and post-processing phase. 
The whole simulation process is executed 
without further user interaction.

The newly integrated features of calcu-
lating buoyancy loads resulting from dy-
namic water pressure and considering the 
overlapping of beam elements in respect 
to buoyancy, mass distribution and wave 
loads proved to be a valuable extension.

Detailed integration of loads at the wa-
ter surface as well as in tapered members 
through a local dual mesh approach lead 
to a more accurate load calculation and al-
lows the use of rather coarse structure dis-
cretizations.

All these improvements are reflected in the 
calculated results in the OC3 project that 
compare very well to the results from the 
other participants’ codes and approaches.
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2.5 Fatigue Assessment of 
Support Structures of 
Offshore Wind Energy 
Conversion Systems (RP V)

Leibniz Universität Hannover, Institute for 
Steel Construction
Peter Schaumann, Stefanie Steppeler

Introduction

Support structures of offshore wind energy con-
version systems (OWECS) are designed for a 
lifetime of about 20 years. They are exposed 
to high dynamic loadings caused by wind and 
waves and have to resist about 109 load cycles. 
Therefore, fatigue resistance becomes relevant 
for providing secure service time and economic 
design of OWECS. As a result of growing tur-
bine capacity and adverse offshore conditions 
construction details like bolted connections 
(Fig. 1) that are involved in the load transfer 
need to be checked for fatigue in detail.

The proof of fatigue strength of ring flange con-
nections is subject of intensive research activi-
ties at the Institute for Steel Construction [1], 
[2] and [3] in recent years. In Germany, tower 
constructions of OWECS are designed accord-
ing to the BSH guideline [4]. A number of theo-
retical and experimental investigations have 
focused on perfect ring flange connections with 
ideal geometry. The existing design models 
have been developed on basis of perfect ring 
flange connections.

There are uncertainties in the evaluation of the 
influence of imperfections and the tolerable fit-
ting accuracy like shown in Figure 2. Previous 
investigations of Jakubowski [5], [6] and [7] 
have shown the influence of the unavoidable 
imperfections caused by production. But until 
now, in the field of research there is no final 
clarity of tolerances which have to be complied 
with. In current design and construction prac-
tice the deviations from plane prescribed by the 
manufacturers of tower segments are accepted 
and used.

Figure 1: Ring Flange Connection between Tower Segments of a Wind Energy Converter
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In the framework of this research project 
the deviations of the ring flange surface 
from ideal plane were measured at an ex-
emplary ring flange. Two measurement 
techniques were compared.

Measuring Object and Task

The measuring object is the head flange of 
the upper tower segment of a wind energy 
converter (see Fig. 3), which is later con-
nected with the gondola. The tower seg-
ment has a length of about 19.0 m and the 
diameter of the head flange is 3.0 m. The 
connection flange, which is connected to 
another tower segment, has a diameter of 
about 4.3 m.

The ring shaped surface of the head flange, 
which can be seen in Figure 4, has a thick-
ness of about 200 mm. The tower segment 
was bounded on two shells located round 
1 m from each ring flange plane.

The measuring task is the determination of 
the deviations of the ring shaped surface 
of the head flange from ideal plane. Two 
measurement techniques have been com-
pared.

Measurement Techniques

Measurement techniques deal with meth-
ods and equipment to determine physical 
values experimentally. In the present case 
3-D coordinates of the ring flange surface 
shall be measured in order to identify the 
planeness of the surface after the manufac-
turing process. Two common measurement 
systems will be compared: On the one 
hand the optical measurement technique 
of the close range photogrammetry and on 
the other hand a laser technique. Both are 
shortly described in the following based on 
[8], [9], [10], [11], [12] and [13].

Laser Measurement Technique

The laser measurement technique of Easy-
Laser® can be used in order to determine 
the deviation of each measuring point 

Figure 2:  Imperfect Ring Flange Connection before Preloading

Figure 3: Upper Tower Segment of a Wind Energy Converter

Figure 4: Ring Flange of a Tower Segment of a Wind Energy Converter
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from a reference plane. The location of this 
plane in space is unknown.

The Easy Laser D600 Machine System is 
used. The equipment is mounted with mag-
net bases onto the measurement object and 
consists of a motor driven laser transmitter, 
a detector with SpinLaserTechnology and a 
meter reading unit.

The laser beam is continuously rotated 
360° by a motor driven laser transmitter. 
A reference plane is built up over the ring 
flange surface by setting three zero points 
at intervals of 120°. Only the detector has to 
be moved around the ring flange to record 
the measurement values at the selected po-
sitions. The laser transmitter sends a laser 
signal to the detector and the value of the 
deviation from the reference plane of each 
measurement point is stored in the meter 
reading unit.

For evaluation the data has to be transmitted 
from the meter reading unit to the compu-
ter in the EasyLink Software. The program 
flange is used to evaluate the planeness 
measurement. 48 measurement points, 
spread over the whole ring flange, are 
used in case of the ring flange measure-
ment (24 measurement points at the outer 
and 24 measurement points at the inner 
annulus of the ring flange).

Close Range Photogrammetry

The close range photogrammetry is an op-
tical measurement technique. The position 
in space of an object is determined with 
measurement pictures.

The close range photogrammetry mea-
surement is performed with the digital 
camera Nikon D80 and the software Pho-
toModeler®. Coded targets are placed at 
the object and photos are taken from dif-
ferent views. The software analyses the 
measurement pictures via triangulation 
and calculates the 3-D coordinates. The re-
sult is a point cloud with 3-D coordinates, 
which can be exported for further evalu-
ation. Two yardsticks with geodetic cali-
brated targets are placed in the picture to 
define scale in the model.

Afterwards, the 3-D coordinates are ex-
ported from PhotoModeler®. The devia-
tion from plane is computed by the soft-
ware Geomagic Qualify®. Via adjustment 
theory the ideal plane of the ring flange 
surface is suited in the given point cloud 
of measured 3-D coordinates. The devia-
tion of each measuring point from the ideal 
plane of the ring flange surface is the result 
of the measurement.

Comparison

In Table 1 the close range photogrammetry 
and the Easy-Laser® measurement system 

are compared. The 3-D coordinates of the 
close range photogrammetry allow a more 
detailed evaluation of the measurement re-
sults. The data of the Easy-Laser® measure-
ment are the values of deviation from plane 
without any coordinates. In case of the qual-
ity inspection the values of deviation are ad-
equate, but for investigations into detail the 
3-D coordinates are necessary.

With regard to the fact that all tower seg-
ments that leave the fabrication shop have 
to pass this quality inspection, the time fac-
tor becomes relevant. The expenditure of 
time of the Easy-Laser® measurement is 
very low in comparison to the close range 
photogrammetry measurement. The close 
range photogrammetry measurement has to 
be planned and prepared, measurement pic-
tures have to be taken and evaluated with 
the software.

The application of the close range photo-
grammetry system is complex in compari-
son to the Easy-Laser® system. On the one 
hand different software has to be used and 
on the other hand the measurement itself 
has to be performed. There are more sour-
ces for errors in the close range photogram-
metry system. 

The resolution of the Easy-Laser® system is 
given with 0.001 mm by the producer. The 
accuracy of the close range photogramme-
try system depends on the equipment, cam-
era settings and the field situation.

Table 1: Comparison of Measurement Systems
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Figure 5: Easy-Laser® 
Measurement 
at SIAG Anlagenbau 
Finsterwalde GmbH 

Figure 6: Close Range 
Photogrammetry 
Measurement 
at SIAG Anlagenbau 
Finsterwalde GmbH
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Measurement Performance

The in situ measurement took place at 
the fabrication shop of the tower segment 
manufacturer SIAG Anlagenbau Finster-
walde GmbH. Both measurement tech-
niques were performed on the same head 
flange.

Easy-Laser® Measurement

The Easy-Laser® measurement was per-
formed by two employees of SIAG Anla-
genbau Finsterwalde GmbH as illustrated 
in Figure 5.

At first the reference plane was built up. 
Afterwards, the detector was moved 
around the ring flange manually to record 
the 48 measurement values continuously 
spread over the ring flange. At each of the 
24 control points two measurement values 
were taken: one at the outer and one at the 
inner annulus. 

After the measuring process, the data was 
transmitted to the EasyLink Software. 
Via best fit analysis the result plot with 
the measured data and the deviation from 
plane was given.

Close Range Photogrammetry 
Measurement 

The measurement with short-range photo-
grammetry was performed by the Institute 
for Steel Construction. 252 prepared coded 
targets (84 per inner, middle and outer ring) 
were applied to the surface of the head 
flange and two yardsticks were placed like 
shown in Figure 6. Two spotlights were po-
sitioned for ideal illumination. The photos 
of the upper part of the head flange were 
taken from a portable rack. The camera 
was positioned on a tripod.

After the preparation, the ring flange sur-
face was divided into sections covered 
in three photos, each taken from a differ-
ent point of views (frontal and from both 
sides). The analysis of the measurement 
pictures was performed by the software 
PhotoModeler® via triangulation. There-
fore, a camera calibration with the cur-
rent camera settings is required. The point 
cloud of 3-D coordinates was computed 
and exported to the software Geomagic 
Qualify®. The deviation of each measur-
ing point from the ideal plane of the ring 
flange surface was computed via adjust-
ment theory.

Results

The measurement results of both measure-
ment systems are shown in Figure 7. The 
deviations from plane are displayed over 
the angle on the ring flange.

Easy-Laser® System

The curves of the Easy-Laser® measure-
ment of the inner and outer ring have ap-
proximately the same shape. The deviation 
from plane reaches from -0.23 mm to 0.17 
mm. The total maximum overall deviation 
is 0.40 mm. Furthermore, the results show 
that the maximum difference between in-
ner and outer ring of measurement value 
is 0.10 mm.

Close Range Photogrammetry System

The curves of the close range photogram-
metry measurement of the inner, middle 
and outer ring have approximately the same 
shape. The deviation from plane reaches 
from -3.59 mm to 3.62 mm. The total 
maximum overall deviation is 7.21 mm. 
Moreover, the results show that the maxi-
mum difference between inner and outer 
ring of measurement value is 1.25 mm.

Figure 7: Measurement Results
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Comparison

First of all it can be seen that the values of 
deviation of both sets of curves differ very 
strong. The deviations from plane of the 
close range photogrammetry measurement 
are much higher than these of the Easy-
Laser®. There is a potency of ten between 
the sets of curves. But both sets of curves 
approximately show the expected shape of 
a double sinus wave, with except for the 
part at 315°. Because of the big difference 
of the values of deviation a comparison of 
the measurement results into detail was not 
possible. The analysis of the significant 
difference between the values of deviation 
from ideal plane has shown that the differ-
ences are caused by the lens used within 
the close range photogrammetry measure-
ment.

There is an influence of gravity to the lens 
connection and the stability of the lens it-
self [14] [15]. It is assumed that the con-
nection of the used camera does not con-

nect the lens to the body of the camera 
stable enough. Furthermore, the inner ori-
entation of the camera is not stabile during 
the measurement because of the instable 
lens. This instabilities cause a systematic 
error of the image coordinates. There is a 
displacement of picture elements in the di-
rection of gravity. The error in the present 
range of accuracy is high. For further in-
vestigations the use of a more stable lens 
and lens connections is recommended.

The effect of gravity to the lens and the 
development of mathematical methods to 
compensate this effect are subject of cur-
rent research work in the field of geodesy.

Evaluation and Outlook

The close range photogrammetry measure-
ment of the head flange was a challenging 
task because of the size of the measuring 
object and the required accuracy. The re-
sults of the close range photogrammetry 

measurement differ very strong from the 
Easy-Laser® measurement. This is caused 
by the lens and the lens connection of the 
used camera. Therefore, the comparison 
into detail of the results of both measure-
ment systems was not possible.

The Easy-Laser® system is an accepted 
measurement system for tower segment 
manufacturers with high accuracy. The 
application is fast and simple. Despite the 
high expenditure of time and the complex 
application, the close range photogramme-
try can be recommended in order to inves-
tigate the deviation from plane into detail.
To improve the measurement results of 
the close range photogrammetry system 
another measurement phase should be ar-
ranged in the future.
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2.6  Condition Monitor-
ing and Damage Detec-
tion on Structures of 
Offshore Wind Turbines 
Using Measured Modal 
Quantities (RP VI)

Leibniz Universität Hannover; Institute 
for Structural Analysis 
Johannes Reetz, Wolf-Jürgen Gerasch, 
Raimund Rolfes

of the system, e.g. changes of stiffness or 
masses. An advantage is the minimal ex-
pense for the measurement. 

The following activities are primarily con-
cerned with tests on real supporting struc-
tures of wind turbines and the adaption of 
the method on special problems of wind 
turbines.

Activities

Lab Models  

In the annual report 2006 tests on lab mod-
els were described. In order to continue and 
to complete these tests, further tests under 
improved conditions had been carried out. 
In particular an aim was to determine the 
best measurement capability of the modal 
analysis.

The vertical cantilever beam with an elas-
tic end-restraint had a height of two me-
ters and consisted of five bolted segments 
of flat-bar steel. In order to apply defects, 
some segments had been replaced with 
segments with a smaller stiffness. The 
frequency spectrum of the model with 
frequencies from f1=1Hz to f4=45Hz was 
similar to the frequency spectrum of real 
wind turbines. The lab-model was excited 
by an electro-dynamic shaker, see Figure 1 
and the signals were measured by means 

Description

Future wind turbines and offshore wind 
turbines in particular will require large pe-
riods of maintenance and standstill periods 
will lead to extensive financial effects. A 
condition-controlled maintenance of sup-
porting structures of those wind turbines 
requires a damage detection system with 
remote monitoring. 

A damage detection system has to diagnose 
small changes of the supporting structure 
including a quantification and a localiza-
tion of the damage. The model based iden-
tification method mentioned in [1] bases on 
the “Multiparameter Eigenvalue Problem” 
(MPEWP). The method is generally appli-
cable to elastomechanical systems, whose 
dynamic behavior is sensitive to changes 

Figure 1: Electro dynamic shaker exciting a lab model and measured frequency spectrum with an eigenfrequency of 1,225 Hz

of a laser sensor. The use of the shaker en-
abled pulse excitation and also stochastic as 
well as harmonic excitation. The harmonic 
excitation provided following advantages: 
The accuracy of the signals related to the 
duration of the measurement is high and 
it enables an optimal selection of the mea-
suring point for each eigenfrequency (EF), 
respectively. An improved mounting of the 
model on the ground floor had led to more 
constant dynamic properties of the model.
The results of these tests are 24 EF with 
an accuracy of three decimal places, four 
EF for each damage condition including 
the initial condition, respectively. The 
replacement of segments with those of a 
decreased stiffness had led to further five 
conditions.

Firstly the results show that at least four EF 
are measurable with an accuracy of three 
decimal places. It is an advance compared 
with the results from pulse excitation. 
Secondly the different damage conditions 
leads to changes in the first decimal places 
of the measured EF. So the changes of EF 
caused by damages are highly larger than 
the best measurement capability.

Rotor Blade 

In order to apply the method to further 
components of wind turbines and whose 
defects, a rotorblade is being investigated. 
Just now a dynamic measurement cam-
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Figure 2: Diagnosis of an  “out-of-tune”-system by means of EF, measured on a guy 
wire tower construction of an operating wind turbine
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paign with several data is carrying out in 
the Blade Test Centre (blaest) in Aalborg. 
The blade is being damaged and further 
measurements are being carried out this 
year.

After these investigations modal quanti-
ties depending on damage conditions will 
have been available. The evaluation of the 
results will show, which level of damage 
can be localized and quantified as well as 
how far the method can be used for rotor 
blades.

Wind Turbine with Guy Wires

In order to test the method under real con-
ditions, an insitu measurement campaign 
had been carried out on a wind turbine with 
guy wires, see Figure 2. The investigations 
focused on the accuracy of the method un-
der in-situ conditions, on the effective in-
fluence of modification of stiffness on the 
dynamic behaviour, and on the sensitivity 
of the method using it for real supporting 
structures of wind turbines.

For this purpose the supporting structure 
was “put out of tune” within limits of load 
capacity. The initial tension of the lower 
guy wires as well as the upper guy wires 
had been changed stepwise. The outcome 
of this was six different damage conditions. 
These conditions led to different EF. The 
aim was to diagnose the damage conditions 
by means of the measured EF. Acceleration 
sensors had been used for measurement 
with quasi-stochastic excitation.

Results are four several EF of the support-
ing structure for each of the six damage 
conditions, respectively. This measured 
EF has an accuracy of nearly two decimal 
places. The results of measurement corre-
spond approximately to previous calcula-
tions. The expected influence of the dam-
age conditions on the dynamic behavior 
could be verified. Again, the changes of 
EF caused by damages were larger than the 
best measurement capability. It could be 
shown that changes in the condition of the 
supporting structure, which not affected the 
load capacity, could be detected by means 
of a minimal expense of sensor technology. 
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Closing investigations and evaluations will 
show, which damage conditions will be 
localized and quantified and how sensitive 
the method will be using it for real support-
ing structures of wind turbines.

Truss Tower   

There is a further measurement schedule for 
truss towers for wind turbines. This year the 
method is being tested on those structures. 
The grade of bolting will be changed in 
several parts of the structure stepwise and 
the modal quantities of the tower will be 
measured. Again the outcome of this will 
be EF depending on the damage conditions, 
respectively. The evaluation of these inves-
tigations will show how far the method can 
be used on truss towers for wind turbines.

Damages of Foundations  

In order to adapt the method to a current 
problem, similar investigations are planned 
on wind turbines with damages at their foun-
dation. Several wind turbines with differ-
ent failure modes will be investigated. The 
evaluation will have been shown, in which 
state of damage damages can be detected and 
diagnosed. 

Simulations and Applications

At present, the method is adapting on prob-
lems of foundations. Investigations of sen-
sitivity by means of simulations are carried 
out and possible results of measurement 
are estimated.

Scour

A very similar problem exists if scour oc-
curs on offshore windturbines. Investiga-
tions show that also scour influences the 
dynamic behavior of offshore structures [2]. 
The model based identification requires 
numerical models. A numerical model had 
been generated with the aim of further in-
vestigations in this field and the application 
of the method for scour problems.

Validation and Identification  

As mentioned before, the formulation of the 
identification problem as a MPEWP leads 
to numerical issues with relatively large di-
mension. Actions had to be taken concern-
ing to software as well as hardware.

E.g. there had been a gap between the 
available workspace and the precision of 
the numerical models depending on the 
finite element meshing. So workspace 
was increased and models were generated, 
which take the characteristic influences on 
the dynamic behavior into account. With it 
numeric models were corrected by means 
of using the MPEWP for validation. These 
models keenly reproduce the measured EF 
of the original structure and hence whose 
dynamic behavior.

Outlook

With the approach of a model-based iden-
tification method and its application on 
the field of structural health monitoring, 
simulations, model tests and in situ tests 
had been carried out. In order to investi-
gate the sensitivity, to apply the method to 
several supporting structures and to adapt 
the method on special problems of wind 
turbines, further simulations and tests are 
carrying out in the future.
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2.7 Modeling Soil-
Structure-Interaction for 
Offshore Wind Energy 
Plants (RP VII)

Leibniz Universiät 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 behavior of foundation 
structures for offshore wind energy con-
verters (OWECs). For that static, quasi-
static cyclic as well as dynamic loads are 
to be considered. The working steps fore-
seen for the five year-duration of the whole 
project are shown in Figure 1. 

In the first year numerical models for the 
monopile foundations have been estab-
lished and their behavior under static loads 
has been investigated. In the second year 
of the project this work was continued and 
parametric studies were carried out re-
garding this aspect. Furthermore numeri-
cal 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 analy-
sis of tripods under horizontal loading was 
carried out. In the fourth year the behavior 
of piles under combined axial and vertical 
loading for cohesive and non-cohesive soil 
was examined. Then a numerical scheme 
to predict the behavior of monopiles under 
cyclic loading was developed and imple-
mented in the finite element code. In the 
last year the stiffness degradation model 
was applied for the pile-soil system and 
the rigid clamping concept was examined. 
Finally the effect of the pile stiffness on 
the pile behavior regarding the recent hori-
zontal loading was numerically examined. 
The results are summarized in the follow-
ing sections. 

Activities 2008

Application of Stiffness Degradation Mo-
del for the Pile-Soil System

The numerical procedure using Abaqus 
(2008) [1] for the consideration of the 
stiffness reduction for the pile-soil system 
is elucidated in Figure 2. In a first step, 
the loading of the system by the weight 
of the tower structure and the soil is ana-
lyzed. With that, the initial stress state for 
each element of the system is gained. In 
the second step the system behavior un-
der horizontal load is analyzed, using the 
stress-dependent soil stiffnesses valid for 
monotonic loading. Thus, the first and the 
second step are identical to the calculation 
of the behavior of the pile under mono-
tonic loading.

In the third calculation step, the horizontal 
load is applied again, but the stiffnesses of 
the soil elements are adopted dependent 
on their stress history. With that, for any 
number of load cycles N the system behav-
ior can be calculated by a recalculation of 
the second step using appropriate stiffness 
values. 

A problem in the application of the stiff-
ness degradation model for the pile-soil 
system is a reasonable definition of the 
initial stress state and the cyclic load level 
for each element of the discretized system. 
On one hand, the initial stress state is not 
isotropic, and on the other hand the princi-
pal stress orientation changes during load-
ing and the minor principal stress does in 
general not remain constant. 

To overcome these problems, the follow-
ing scheme was chosen to derive a char-
acteristic cyclic stress ratio: For the initial 
stress state (Index (0)) as well as for the 
state under action of the cyclic load (Index 
(1)) a stress ratio Xa is calculated:

 

The cyclic stress ratio X is then calculated 
by

                                              (2)

This parameter X characterizes the in-
crease of the stress level in each element 
under cyclic load. Values X < 0, which may 
arise due to a decrease of deviatoric stress 
from the initial to the loaded state are not 
taken into account, i.e. in such cases the 
soil stiffness remains unchanged.  

The degradation parameters have to be de-
termined in a series of cyclic triaxial tests 
see (Achmus et al. 2007a) [3]. 

(�)
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Figure 1: Working steps foreseen in the 
project VII
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Results of the Numerical Modeling

In Figure 3 the relative increase wN/w1 
is given for the four systems considered 
and compared with the approach of Het-
tler (1981) [5]. Tendencially his approach 
is confirmed. However, the model results 
show that the rate of deformation increase 
is not constant, but depends on the system. 
For medium dense sand the rate is higher 
than for dense sand and for h/L=1 it is 
higher than for h/L=0. Thus it seems that 
the rate of accumulation is dependent on 
the relative load level, i.e. the ratio of the 
actual to the ultimate load of the system. 

Finally, in Figure 4 the results of numerical 
calculations for monopiles with a diameter 
D=7.50 m and a moment arm h=20.0 m 
with varying embedded lengths are given. 
For comparison reasons the calculations 
were done for dense and medium dense 
sand. It can be seen that the piles with 
longer embedded lengths have a smaller 
accumulated rate of lateral displacement. 
This means that increasing the embedded 
length of the monopile is an efficient way 
to resist large accumulated displacement 
under cyclic loading. For more details, 
refer to Achmus et al. 2007b [4].

Figure 2: Initial 
stress state and 
stress state under 
cyclic load for the 
pile-soil system

Figure 3: Results 
for the relative 
increase of the 
lateral pile dis-
placement at sea 
bed level

Figure 4: Relative increase of lateral pile displacements for piles with varying 
embedded lengths (D=7.50 m, h=20.0 m) (Achmus et al. 2007b [4])
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On the Rigid Clamping Criterion

Up to now, in the design of horizontally 
loaded offshore piles “rigid clamping” was 
usually required. This means that for the 
loading under consideration, the pile de-
flection line should exhibit two zero deflec-
tion points or a least a vertical tangent at a 
certain depth below the point of rotation. 
This requirement stems from the idea that 
a pile clamped in the soil in this way will 
be relatively insensitive to cyclic loading. 
For offshore piles of usual diameters up to 
2 or 2.5 m, this requirement has proved to 
be reasonable. However, for very large dia-
meters and thus very stiff monopiles this 
requirement leads to very large embedded 
lengths. As can be seen in Figure 5, even 
the monopile with L=40 m does not fulfill 
the rigid clamping criterion.

Figure 5 compares the lateral deflections 
for two different piles (D=7.5 m and 2.5 m) 
under the same loading conditions. The 
monopile with larger diameter exhibits a 
lower rate of accumulated lateral displace-
ment than the pile with smaller diameter, 
but this pile does not demonstrate the 
rigid clamping behavior. On the contrary, 
a monopile with a smaller diameter has a 
larger lateral displacement accumulation 
and thus a worse cyclic performance, but 
it exhibits a rigid clamping effect. Hence 
the suitability of using clamping length for 

a monopile design under long term cyclic 
loading needs to be reviewed (Achmus et 
al. 2008 [2]).

In the stiffness degradation approach, only 
one load combination is considered, i.e. 
constant load amplitude. In fact, wind and 
wave loads acting on an OWEC of course 
vary. 

Regarding the application of the stiffness 
degradation in practice, the following ap-
proach can be used: Amplitude spectra of 
both moment and horizontal force at mud-
line should be provided. From these spectra 
a reference load (the maximum load) has 
to be defined and the equivalent number 
of cycles has to be determined. From the 
spectra distinct load classes (characterized 
by Hk, hk and respective Nk for each class) 
must be derived. Since the load classes are 
defined, the equivalent number of load cy-
cles Nk* of the reference load can be cal-
culated by an approach proposed from Lin 
& Liao (1999) [7]:

    

                                                  (�)

Herein w1,1 is the static displacement 
under reference load, w1,k is the static 
displacement under the load of different 

amplitude and Nk is the number of cycles 
of this load. The parameter t is a degrada-
tion parameter, which is besides others a 
function of soil properties and loading 
type (one-way or two-way loading). For 
one-way loading t is a value of the order of 
0.20 according to Lin & Liao (1999) [7]. 
The static displacements for a given load H 
and height of loading point h can be deter-
mined using the force-displacement curves 
obtained for static loading.

Summing over all loads of different ampli-
tudes (load classes), the resulting equiva-
lent number of load cycles of the reference 
load is 

       
                                                              (�)

This method has exemplarily been applied 
for a monopile D=7.5 m, L=30 m embed-
ded in dense sand under specific wave 
loading conditions. A wave spectrum de-
rived by Mittendorf et al. (2004) [8] for a 
12-year time period at a specific North Sea 
location was taken and the loads were de-
termined using the Morison equation. Sev-
en load classes were defined. The loads, 
the number of load cycles and the resulting 
equivalent load cycles with respect to the 
maximum load are shown in Figure 6. The 
results indicate that over the considered 
12-year period an accumulated deforma-
tion is to be expected, which is about 43 % 
larger than the static displacement under 
the maximum load.

The results also indicate that the influ-
ence of low wave heights is neglectable, 
which seems rather plausible. Of course, 
this method is not yet experimentally veri-
fied and yields thus only an estimation of 
accumulated displacements. However, no 
other approved method to predict accumu-
lated displacements with respect to specific 
loading and soil conditions yet exists.

Figure 5: Comparison of clamping effect in piles with different diameters (Kuo, 2008) [6]
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2.8 Grid Integration of 
Offshore Wind Energy 
Parks (RP VIII)

Leibniz Universität Hannover, Institute of 
Electric Power Systems, Division of Power 
Supply 
Lutz Hofmann, Chanchai Amornvipas, 
Jörn Runge, Ara Panosyan

Description

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

•   Wind energy generators and their control
•   Grid connection and operation

Work on these two research topics started 
in 2005 and was continued and further 
extended in dependence on the progress 
and appearance of new challenges. The 
research activities on the above-mentioned 
topics were completed in 2008. The final 
results are described in the PhD thesis 
“Modellierung von Windenergieanlagen 
für die Netzberechung” [1] and in a further 
PhD thesis which will probably be finished 
in 2009.

In 2008 activities changed and based on 
further results the influence of wind ener-
gy generators (WEG), HVDC connections 
and FACTS elements (Flexible Alternat-
ing Current Transmission Systems) on the 
power quality were investigated. Particu-
larly the power system resonances, which 
are within the harmonic spectrum of the 
WEG, HVDC and FACTS elements, were 
analyzed. 

This work was also finished in the end of 
2008, the results are described in the PhD 
thesis “Harmonic Studies and Resonance 
Analyses in Electrical Power Systems” 
[2].

Since end of 2008 work was focused on the 
comparison of the transmission behavior of 
different transmission systems. This will 

be continued in 2009, first results will be 
published in the ForWind annual report 
2009.

Activities

Wind Energy Generators and their Control

With their growing share in the overall 
electrical energy generation the influence 
of wind turbines on the electrical power 
system’s behavior increases. Analyzing 
this impact and the modeling of wind 
turbines which is necessary for such an 
analysis is the scope of this study. Within 
the efficient framework of the electrical en-
ergy system’s Three-Time-Scale-Character 
all wind turbine components required for 
network calculations were generally mod-
eled. Based on transient models which can 
be used for studying short circuit events, 
possible model reductions could be de-
scribed and discussed by considering nec-
essary time resolution and time constant 
compensation. Frequency converters used 
for control and their protection systems 
impact the transient processes in particular 
in case of short circuit events. The reduced 
order models derived in this thesis can be 
used for simulating processes activated in 
case of wind gusts such as the pitch-con-
trol. Accordingly, these models are also 
employed for primary control studies. Sta-
tionary wind turbine models were derived 
for power flow computation methods. The 
modularly developed component models 
allow simulations and analyses of all com-
mon generator systems. Such simulations 
and analyses have been carried out exem-
plary for squirrel cage induction genera-
tors, doubly fed induction generators and 
permanent magnet synchronous genera-
tors. The development of suitable control 
algorithms and analyzing fundamental 
simulations enabled a demonstration of 
the basic ability of modern wind turbines 
to sustain voltage and frequency stability 
under ordinary conditions and short cir-
cuit events. This basically leads back to 
the high control performance of the mod-
eled frequency converter technologies em-
ployed for turbine control and connection.

Grid Connection and Operation

Most of today's power transmission sys-
tems were designed to serve vertically 
integrated utilities, where the local elec-
tricity load demand was matched by local 
generation. Power therefore was trans-
ferred over relatively short distances, from 
large power plants to the load centers. 
Whereas large long-distance power trans-
fers between interconnected systems were 
usually reserved either for predetermined 
amounts of power flows between the in-
terconnected 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 electricity market 
has lead to the increase in power transfers 
from low-cost generation areas to the load 
centers, 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 centers, has 
further increased the strain on the trans-
mission 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 sup-
ply, transmission systems must be modern-
ized 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 expand-
ing the system with new transmission lines. 
The process to permit and build new trans-
mission lines is however extremely diffi-
cult, expensive, time-consuming, and con-
troversial. It is therefore necessary to look 
for alternative technologies that enable a 
better utilization of the existing transmis-
sion systems and hence increase the reli-
ability and security of the power system. 
Power electronics based equipments and 
systems, like HVDC (High Voltage DC) 

Research Center



��Annual Report 2008

References

[1] Runge, J.: Modellierung von 
Windenergieanlagen für die Netzbe-
rechnung. Dissertation, Institut für 
Energieversorgung und Hochspan-
nungstechnik, April 2008, Leibniz 
Universität Hannover
[2] Amornvipas C.: Harmonic Studies 
and Resonance Analyses in Electrical 
Power Systems. Dissertation, Institut 
für Energieversorgung und Hochspan-
nungstechnik, Dezember 2008, Leibniz 
Universität Hannover

and FACTS (Flexible AC Transmission 
Systems), are currently the key innovative 
technologies, which provide adequate so-
lutions 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 behavior of HVDC 
and FACTS and their impact on the power 
flow and node voltage, the steady state 
models of thyristor-based HVDC (“Clas-
sic”) and FACTS (SVC, TCSC, TCPS) 
have been previously developed. These 
were later complemented by the mod-
els of the new converter-based HVDC 
(“PLUS”, “Light”) and FACTS (STAT-
COM, SSSC, UPFC, IPFC), which were 
subsequently developed, and added to the 
simulation tool. The different models were 
conclusively tested both separately and in 
combination with other non-conventional 
devices on simple test systems. The dif-
ferent control modes of each device were 
also implemented and its effect on enhanc-
ing the system capacity and control were 
analyzed.

Harmonic Studies and Resonance 
Analyses in Electrical Power Systems

Harmonics are considered to be one of the 
power system disturbances causing voltage 
and current waveform distortions due to the 
undesired high-frequency components. Not 
only power quality, but also power system 
operation can be negatively affected by har-
monics. Important sources of harmonics are 
power electronics controlled devices which 
have been increasingly used for diversified 
purposes in electrical power systems in the 
recent years. In the work of 2008, harmonic 
problems due to Voltage Source Converters 
(VSCs), FACTS and WEG were studied in 
detail.

In addition to the modeling of harmonic 
sources, the modeling of power system ele-
ments is important for analysis of harmonic 
propagation into power systems. To serve 
this purpose, the frequency domain mod-
eling of transmission lines and transformers 
must be accurately done for the frequency 
range up to some kHz. The frequency-de-
pendent parameters of the models have to 
be taken into account due to the skin ef-

fect. Under the assumption of symmetrical 
harmonics in balanced systems, harmonic 
analysis is generally carried out with the 
single-phase based symmetrical com-
ponents. However, systems in operation 
are often unbalanced. In those cases, it is 
necessary to investigate harmonics in the 
original three-phase system. For different 
calculation purposes, the power system 
elements need to be modeled in the single-
phase based symmetrical components and 
in the original three-phase system.

In order to analyze harmonic problems 
effectively, system resonant behavior in 
addition to harmonic sources has to be 
investigated. For determining the system 
resonant frequencies and analyzing reso-
nances in steady-state, the practical meth-
od of Resonance Mode Analysis (RMA) 
in the modal coordinate system is suitable. 
By using the knowledge obtained from 
the modal admittance sensitivity analysis, 
it is possible to improve the system reso-
nant behavior by selective modification of 
the network configuration, such that the 
critical resonances will not excited by the 
problematic harmonics. 
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2.9  Integrated Modeling   
of Offshore WEC (RP IX)

It was the goal of the project to develop tools 
for a holistic modeling of Offshore Wind 
Energy Converters. Specifically, the project 
was to provide an integrated modeling sys-
tem of the system dynamics including the 
aerodynamic and hydrodynamic loads, the 
support structure and the rotor.

This final report, which consists of three 
parts, shows that the targets of the project 
have been accomplished. In Part A the 
main features of the integrated modeling 
system are summarized. It has been shown 
that it is operational and can be applied in 
further research. Part B concerns the aero-
dynamic loads with methods which have 
been used in the integrated modeling. Part 
C presents supplementary results from 
high resolution CFD computations of the 
aerodynamic loads.

PART A: INTEGRAL MODELING 
OF THE SUPPORT STRUCTURE 
DYNAMICS

Leibniz Universität Hannover, Institute 
of Fluid Mechanics and Environmental 
Physics in Civil Engineering
Martin Kohlmeier, Thomas Kossel, 
Werner Zielke

Introduction

The aim of research project IX is to meet 
the demand of integral simulation of off-
shore wind energy converters (OWEC). 
The integrated modeling approach has 
been developed, in order to incorporate the 
research results of the ForWind projects. 
With the realization of the integrated mod-
el (IM) the diversity of different processes 
and process interactions within offshore 
wind energy turbines and its associated 
subsystems have been taken into account.
In this section, part A of research project 
IX is presented. It focuses on modeling the 
support structure dynamics including the 
environmental loads, the rotor blades’ aero-

elasticity and a simplified representation of 
gear box, generator and control system. A 
flexible structure of the integral model has 
been developed. Its well designed object-
oriented structure with an easily extend-
able set of modules and interfaces meets 
future demands.

Approach: Overview and Final 
Status

The concept of the integrated model takes 
into account the needs of various ForWind 
projects and incorporates their research 
results and some of the simulation tools 
which they have developed. The key as-
pects can be summarized as follows: Pro-
grams used by the research teams are of 
different programming languages. Their 
data are of inhomogeneous formats. A fast 
data exchange is required in advance or 
during the simulation process.

The most important development has been 
the realization of sub-model interactions. 
With the chosen strategy, the interface 
capabilities of the framework itself have 
been increased continuously in a step-by-
step approach: (i.) independent modules in 
terms of self-contained tools, (ii.) iterative-
ly coupled modules with file data exchange 
and (iii.) fully coupled modules with direct 
data exchange. A short overview of the de-
velopment is given in the following:

During the years 2005 and 2006, the fol-
lowing independent models have been 
developed. They are the basis for current 
integrated modeling:

a. Visualization and export of environ-
mental loads due to prescribed regular 
waves or sea states using the program 
WaveLoads [1].

b. Usage of the aerodynamic loads module 
AeroDyn (v12.56) [2] in combination 
with the modal / multibody dynamics 
module FAST (v6.01) [3].

c. Development of visualization tools and 
an input data description module for 
user-friendly software operation.

The development of iteratively coupled 
modules benefited from the cooperation 
with MSC Software Corporation initiated 
in 2005. The resulting developments till 
2007 have been as follows:

a. Supply of geometric and material data 
in combination with distributed loads 
for elastodynamic analysis with finite 
element programs (ANSYS®, MD Nas-
tran®,  Abaqus®).

b. Combination of wave load analysis 
(WaveLoads) with wind load modeling 
(AeroDyn) in multibody OWEC simu-
lations using MD Adams®.

In 2007, first coupled modules have been 
applied in the integral model approach:

a. Application of the developed dynamic 
link library (DLL) of the wave load 
module (WaveLoads) combined with 
the DLL of the wind load module (Aero-
Dyn) in multibody OWEC simulations 
using MD Adams®.

Within the current and final reporting pe-
riod of 2008, the above mentioned devel-
opment has been continued successfully 
(Fig. 1 and 2) and extended by the follow-
ing features:

b. Static and dynamic fluid pressure inte-
gration for incorporation of buoyancy 
loads in finite element or multibody 
analysis.

c. Improvement of the finite element ap-
proaches using the tripod support struc-
ture defined in the international code-to-
code comparison project OC3 [8, 9].

d. Comparisons of results based on dif-
ferent simulation strategies depicted in 
Figure 1.

e. Further development of dynamic link 
library (DLL) applications of the wave 
load  module (WaveLoads) regarding 
multibody input data generation in order 
to simplify multibody OWEC simula-
tions using MD Adams® (Fig. 4).
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Figure 1: Schematic representation of the integral modeling framework

Figure 2: Schematic representation of the software interaction for integral modeling of wind and waves acting on 
the offshore WEC. The resulting MD Adams model is dynamically linked to the environmental load modules Aero-
Dyn and WaveLoads. The resulting internal forces can be used for further static or dynamic finite element analysis.
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Activities

The integrated model (IM) has been suc-
cessfully completed with emphasis on 
the elastodynamic analysis of the support 
structure. This implies a fully aeroelastic 
and hydrodynamic simulation package 
with loads from waves and wind. It is 
composed of self-contained components 
which have been developed independently 
and are combined with control, data base 
and interface units. The modular concept 
enabled the independent code develop-
ment of each research team. The program 
is written in an object-oriented language 
(C++) using the cross-platform applica-
tion development framework Qt® for the 

development of multi-platform graphical 
user interfaces (GUI). The GUI of the IM 
as well as its included modules and data 
base tools [4] have been developed inde-
pendently and thus can easily be adopted 
for their use in further applications.

The resulting fully integrated simulation 
approach is performed as follows: First, the 
modules FAST and WaveLoads are applied 
independently. In this preprocessing step, 
the data sets needed for multibody simula-
tions are generated, namely the multibody 
representation of a WEC and an offshore 
support structure model as depicted in 
Figure 3. After combining both data sets, 
a multibody simulation can be performed 
using DLLs for the aeroelastic part, for 

the generator, the pitch control, and for the 
wave loads, respectively. The equations 
system representing the resulting multi-
body dynamics problem is assembled and 
finally solved within MD Adams® as de-
picted in Figure 4. With increasing amount 
of integrated sub-modules it is useful to 
have graphical assistance available. Here, 
the integration of DLL based modules in 
graphical user interfaces (GUI) provides a 
user-friendly input data management and 
data visualization.

The applicability of this approach has been 
verified in two steps: First, the validation 
of the aeroelastic module is satisfied, be-
cause the validated FAST/AeroDyn soft-
ware is being used. Secondly, the wave 

Figure 3: Preprocessing. Wave data based on stream 
function wave theory for the prediction of wave forces 
acting on the tripod structure (left). Multibody descrip-
tion of a reference 5 MW wind turbine [7] generated 
with FAST to be mounted on a tripod support structure 
generated with the preprocessing module of WaveLoads 
(right).

Figure 4: Integrated modeling. 1.5 MW wind turbine (NREL) 
mounted on an off-shore tripod. The coupled simulation has 
been performed using MD Adams, FAST/AeroDyn and Wave-
Loads 2.0. The wave loads have been evaluated during run 
time, using a fine discretization. After integration along the 
substructures the resulting forces and moments are applied 
in the coarser multibody dynamics simulation
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Figure 5: Atmospheric wind time series measured at the GROWIAN site in different heights (see: Part B)

loading module applied in a finite ele-
ment approach (WaveLoads/ANSYS, [6]) 
has been verified within the international 
Offshore Code Comparison Collaboration 
(OC3), see RP IV for more details. The re-
sults are very satisfying as described also 
by Nichols et al. [8] and Vorpahl et al. [9]. 
Having these data available enables the as-
sessment of all remaining simulation ap-
proaches depicted in Figure 1.

With the described integrated model ap-
proach, nonlinear effects resulting from 
nonlinear couplings can now be studied. The 
aeroelastic and hydrodynamic damping can 
be investigated in order to study the effects 
of simultaneously occurring wind and wave 
loads and to quantify the sensitivity to their 
direction. A set of turbulent wind fields gen-
erated within part B of this research project 
has been successfully applied. In case of dy-
namic stall investigations to be performed, 
the results of part C of this research project 

can enhance the simulation capabilities of 
the current framework.

Finally, all necessary developments have 
been performed to enable simulations of a 
5 MW prototype wind turbine [7] mounted 
on a tripod support structure as depicted 
in Figure 3. A reliable formulation of the 
interaction mechanism between support 
structure and foundation has to be incor-
porated in the model. For this purpose, the 
soil pile interaction investigated in RP VII 
can be numerically described and imple-
mented in this model framework.

Summary

A fully integrated aero/hydro-elastodynamic 
simulation package for OWECs has been 
developed. All necessary processes of the 
turbine and its systems for rotor and gen-
erator control are included as sub-modules. 

Within this package, simulations of differ-
ent complexity can be performed: Firstly, 
a finite element approach incorporates sev-
eral preprocessing techniques, wave load 
generation and elastodynamic simulation. 
Secondly, in a more flexible approach, each 
sub-module is represented by a dynamic 
link library that can be applied and vali-
dated individually. With the combination 
of these sub-modules, the simulation of the 
whole OWEC is performed in a multibody 
set-up. Therein, an aeroelastic wind turbine 
model is mounted on an offshore support 
structure model. Turbulent wind fields 
interacting with the rotor are applied and 
wave loads from different sea states acting 
on the support structure can be modeled. 
Standard generator and pitch control mod-
els are included. This fully coupled multi-
body simulation can easily be set up for new 
designs of OWEC structures offering the 
opportunity to perform efficient optimiza-
tion and sensitivity studies.
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PART B: MODELING OF DYNAMIC 
LOADS ON WIND TURBINES

Carl von Ossietzky Universität Oldenburg 
Institute of Physics
Tanja Mücke, Joachim Peinke

Introduction

Wind turbines are exposed to the turbulent 
inflowing wind field. This atmospheric 
turbulent inflow leads to various kinds of 
loads in the whole system, especially on 
the wind turbines rotor. Atmospheric wind 

fields are characterized through a height 
increasing mean wind speed and randomly 
turbulent wind speed changes (see Fig. 5, 
p. 37). Thus, the rotor is always rotating 
through partial gusts. This so called rota-
tional sampling has an important effect on 
the wind turbines fatigue strength. 

Commonly, the turbulent wind speed 
variations were considered to be roughly 
Gaussian distributed such as in the often 
used IEC Kaimal model [10]. However, 
analyzing atmospheric wind field data 
with respect to the increment statistics 
shows, that the atmospheric wind time se-
ries are not Gaussian. The distributions of 

atmospheric velocity fluctuations are inter-
mittent; they are characterized by marked 
fat tails and a peak around zero [11]. As 
increments directly measure the velocity 
difference for a time, intermittency means 
here that more extreme velocity fluctua-
tions occur in measured wind fields than in 
simulated Gaussian ones. This property of 
real wind field data leads to more stronger 
partial gusts and with it to higher alternat-
ing loads on the wind turbine.

Numerical Modeling

For our research we use the dynamics pro-
gram FAST [12] with the embedded aero-
dynamic subroutines of AeroDyn [13]. The 
FAST (Fatigue, Aerodynamics, Structures 
and Turbulence) code is a comprehensive 
aeroelastic simulator capable of predicting 
both the extreme and fatigue loads of two- 
and three-bladed horizontal-axis wind tur-
bines. The numerical simulations of the 
wind turbines response are performed with 
an adapted model of the virtual 1.5 MW 
turbine designed as part of the WindPACT 
study [14]. For our application the wind 
turbine has a diameter of 70 m and a hub 
height of 87.5 m. Because of our interest in 
small scale turbulence the rotor speed and 
the pitch angles are fixed with 20 rpm and 
4° respectively.

Activities

So far we have implemented the aerody-
namic code AeroDyn in combination with 
the modal / multi-body dynamics module 
FAST. We verified the including subrou-
tines and the resulting loads. Furthermore 
we calculated the dynamic loads for dif-
ferent wind turbines with Gaussian inflows 
according to the IEC Standard 61400-1. 
During the last year we have advanced the 
used methods and prepared new important 
procedures for the RP IX: 

–  Characterization of high-frequented turbu-
lent wind data, measured in a grid of 100 
m x 76 m at the site of the GORWIAN 
wind turbine [15].

 – Analyzing these data sets with respect to 
the increment statistics.

Figure 6: Rotor torque fluctuations Qt for t =�.2s resulting from numerical modeling with 
two different kinds of synthetic wind fields in comparison with the fluctuations resulting 
from measured GROWIAN wind fields. The results are all normalized to the standard 
deviation s=�
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–  Development of a program to integrate the 
GROWIAN wind field data sets into the 
load calculations with FAST/AeroDyn.

–  Calculation of the rotor torque for a 
1.5 MW wind turbine resulting due to 
atmospheric and two different kinds of 
wind field models firstly IEC Kaimal, 
generating Gaussian distributed wind 
fields [16] and secondly new developed 
model based on continuous time ran-
dom walks generating intermittent wind 
fields (see RP I) [17].

–  Estimation and comparison of the oc-
curring torque fluctuations as measure 
for the different alternating loads.

Results

From the GROWIAN data pool, altogeth-
er 100 data sets with a mean wind speed 
of 9.72 m/s and turbulence intensity of 
7.72% were selected. Evidently, the statis-
tics deviate from a Gaussian distribution. 
In atmospheric wind fields, the probabil-
ity of extreme changes of wind speeds is 
significantly higher than in the simulated 
standard IEC Kaimal model. That means, 
Gaussian wind fields don’t reproduce the 
extreme events of atmospheric wind fields
Furthermore, the characteristics of the in-
flowing wind field have a direct effect on 
the wind turbines response (see Fig. 6). On 
small scales, the resulting torque shows 
more extreme fluctuations by an atmos-
pheric inflow than by a simulated Gaussian 
one. Hence, using purely Gaussian distrib-
uted wind fields leads to an underestima-
tion of the occurring alternating loads. In 
contrast, the synthetic intermittent wind 
fields (generator was developed within 
the RP I, 2006) reproduce the alternating 
loads resulting from atmospheric data in 
the right way. 

PART C: CFD-SIMULATION FOR 
LOAD CALCULATIONS FOR WIND 
TURBINES

Carl von Ossietzky Universität Oldenburg
Institute of Physics 
Bernhard Stoevesandt, Wided Medjroubi, 
Nils Kirrkamm, Joachim Peinke

Motivation

A main source for loads on wind tur-
bines are aerodynamic forces caused by 
the turbulent wind field on the turbine in 
general and on the blades in particular. 
Turbulence in the wind and flow separa-
tions on the blades lead to fluctuations of 
the loads on the blades, which sometimes 
experience a strong temporal increase in 
loads in such a way. Such load increases 
can further be transmitted onto the whole 
turbine structure.

Precise, time resolved models to capture 
the wind and load characteristics correctly 
are therefore becoming increasingly im-

portant. Nevertheless, time resolved com-
putational methods for fluid dynamics are 
still a field of development. Therefore, we 
test and use advanced methods to gain gen-
eralized knowledge about the flow and the 
loads on the blades.

The focus lies on the investigation of un-
steady phenomenon such as the dynamic 
stall or three dimensional effects on ro-
tating blades. The dynamic stall effect is 
caused by sudden wind speed or direction 
changes as well as by other disturbances of 
the incoming flow on the airfoils. This can 
lead to sharp fluctuations of lift and drag 
on airfoils. Thus higher loads on the blades 
are induced, causing loads on all other 
parts of the turbine.

Calculating the real loads regarding dy-
namic stall is a broad field for scientific 
research. So far, the models rely up to 
now mainly on wind tunnel measurements 
for single airfoil sections or on computa-
tional fluid dynamics (CFD) simulations. 
While the first only allow assumptions on 
single airfoils for a specific experimental 

6

Figure 7: Change of angle of attack at 10 
Hz for different wind turbine concepts at 
a measured wind field
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setting, the disadvantage of the latter is 
the insufficient resolution of the unsteady 
turbulent effects with most standard CFD 
simulations. So far CFD calculations are 
not used as a standard method to investi-
gate dynamic stall. High order methods, 
such as the spectral elemental method, are 
an approach to overcome the difficulties 
with highly unsteady effects in fluid simu-
lations. We aim to make such approaches 
available for wind energy research.

Activities

Estimating the Changes in Angle of
Attack

To achieve a realistic picture of the dynamic 
stall for wind turbines, the patterns of the 
changes in the angles of attack on the 
blades – or for research reasons airfoils – is 
of large interest. These have been analyzed 
under the estimation of wind turbine con-
cepts of a constant tip speed ratio or a con-
stant rotational speed at short time periods.  

Figure 8: Double log. plot of the standard deviation or maximum values of the changes 
in angle of attack over the time increments

Figure 9: Turbulent kinetic energy around an airfoil using a 3D 
spectral element calculation

Figure 10: Pressure coefficient cp along the span wise direction of 
the airfoil

log
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The turbine turning at a constant tip speed 
ratio is expected to rotate at an averaged 
wind speed of the last 2 seconds, while the 
turbine moving at a constant speed rotates 
at 20 rpm. The position of the analysis is 
in the middle of an estimated 40 m blade 
[18]. The changes in angle of attack due 
to wind speed and directional changes are 
shown in Figure 7 (p. 39). Analyzing the 
time periods (increments) in which the 
changes appear shows a relation of the 
standard deviation to the time increments 
being of δ~τ1/3 making it obvious, that the 
fluctuations are no Wiener process (Fig. 
8). This means that more fluctuations ap-
pear at smaller time scales, than a standard 
Gaussian process would consider.

A. Airfoil Simulations Using Spectral Ele-
ment Method

We obtained the spectral element code 
from the imperial college in London. Since 
simulations on airfoils using this method 
are scarce, a first test of the code on an 
fx79-w151a airfoil has been performed. 
We used the direct numerical solver at a 
Reynolds number of Re=5000. The third 
dimension was calculated by a Fourier-ex-
pansion. 

As the flow along the blade is mostly lami-
nar only the very tail is of further interest 
for the analysis of the turbulence. Figure 
9 shows the turbulent kinetic energy of 
the flow around the blade showing high 
values in the wake of the blade due to a 
“von Karman”-street like flow separation. 
This leads to turbulent flows at the tail of 
the blade causing fluctuating loads in that 
range. This can be seen in Figure 10 de-
picting the pressure coefficient along the 
span of the airfoil.

B. Body Motion and Dynamic Stall 

For the research of the dynamic stall, dif-
ferent approaches have been evaluated. 
Since the effect is based on a movement of 
the airfoil against the flow field different 
mathematical approaches could be used. 
In case of the “Nektar”-Code an Arbitrary 
Lagrange-Eulerian (ALE) method and a 
method of a body motion by coordinate 

Figure 11: Ux-velocity of the flow field at a Reynolds number of 
Re=�0000 and a pitch of α=+/- 1.2

Figure 12: Cycles of lift and drag over the angles of attack for a 
pitching blade at Re=�0000

Figure 13: Streamlines at a slice through the blade of the NREL blade 
at a first simulation using steady state simulations
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transformation have been tried out. Due to 
the enormous calculation time of the ALE 
method the latter has proven to be more 
applicable to the problem.

Using this method a blade in heave and 
pitch motion was analyzed at a Reynolds 
number of Re=10000 using a NACA-0012 
airfoil. This motion causes a dynamic 
flow separation known as dynamic stall. 
Typically the loads on the blades under-
go a hysteresis loop. As the flow at such 
Reynolds numbers triggers a typical von 
Karmen vortex street like vortex separa-
tion. A pitching blade moving at a similar 
time scale leads to a lock-in effect, which 
causes increased loads on the blades. To 
investigate the flow processes for possible 
chaotic behavior this is being done for dif-
ferent frequencies of the blade motion.

Due to the high computational time of the 
spectral element method, the analysis of 
the lock-in effects have so far been done 

using a 2-D simulation. Nevertheless first 
steps are also being done for a 3-D simu-
lation.

C. Three-Dimensional Effects

Another unsteady effect on the blades of 
wind turbines is the so called delayed stall 
due to a vortex separation at the blade root. 
By the rotation of the blades such vortices 
are being forced along the blades towards 
the outer part of the blade causing a flow 
separation behavior which again leads to 
higher loads. Such effects can only be rea-
sonably investigated using unsteady solv-
ers which are able to simulate the rotation 
of the turbine.

For this the open source code OpenFOAM 
has been chosen to investigate such flow 
patterns. In a first step the simulation of 
the NREL-Phase VI experiment has been 
chosen for a first evaluation. 

Outlook

Time resolved CFD simulations reveal a lot 
of information on temporal loads induced 
on airfoils by the flow. Time periods and 
amplitudes will be a further research topic, 
especially focusing on the effects caused 
by fluctuating inflow. As these effects are 
not only expected to appear on simple set-
ups, like a single airfoil section in a laminar 
or periodic flow, further research on loads 
in realistic fluctuating flow is to be done. 
The simulation of whole rotating blades is 
going to proceed and will be extended to 
different solver types.

Research Center
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3.1 Development Projects

3.1.1 Evaluation of a Measure-
ment Technique for Damage 
Detection on Rotor Blades 
of Offshore Wind Turbines 
(E1-07)

Leibniz Universtät Hannover, Institute for 
Structural Analysis
Stephan Zerbst, Wolf-Jürgen Gerasch, 
Raimund Rolfes
Partner: HBM - Hottinger Baldwin Mess-
technik GmbH
Duration: 2007 – 2008

Introduction

Recurrent damages occur due to manufac-
turing failure on composite blades. Web 
failure as well as joint failure between the 
two shells lead to serious damages that 
have to be repaired which causes time of 
standstill. Structural inspections of tur-
bine blades are fairly rare, especially bad 
weather will obstruct the access to offshore 
structures. For this reason it is very likely 
that damages can grow and stay undetected 
too long. Therefore embedded monitoring 
systems for structural damage detection are 
developed, that on the one hand can help 
saving and optimizing the structure from 
dimensioning on and on the other hand 
can help achieving the maximum energy 
output by reducing and minimizing times 
of standstill. A new smart sensor system 
is currently developed within this project 
together with HBM. This system will be 
tested for damage detection on offshore 
wind turbine blades and will be designed 
for typical composite damage types.

Approach / Activities

Together with HBM a new sensor for de-
flection measurement is tested, that will 
replace accelerometers for blade monitor-
ing in future. It consists of an active unit 
placed at the root section and a passive unit 
placed far inside the blade, both connected 
with a tensed fiber string. The advantage of 
the new sensor system is that it is absolute-
ly insensitive to lightning strike because of 
no wiring and non-metallic components. 
Embedded into this project it will offer a 
deflection signal that can be transferred 
to a velocity signal much easier than ac-
celerations can be transferred to velocities. 
Mounted inside a blade at a test site this 
new sensor is investigated concerning its 
mechanical reliability and signal-accu-
racy.

The monitoring strategy is based on a pro-
portionality method which also has to be 
tested concerning its consistency in prac-
tice. Of high interest is the behavior of the 
damage-indicator over time and its sen-
sitivity inside the method for early dam-
age detection. Beside measurements also 

simulations will be done which deal with 
the same scenario of constant conditions 
during a fatigue test. During fatigue tests 
an exciter is shaking the structure near the 
resonance frequency in edge- and flapwise 
direction. The blade is moved in resonance 
with its first eigenfrequency separately in 
each direction. That means the optimal 
stress and velocity sensor locations are in 
line with the theory for damage detection 
[1, 2]. 

As a result of the curvature of the blade 
the deflection sensor cannot be mounted to 
the tip because the access from the inside 
is impossible and the string between active 
and passive unit would touch the shell. 
This means the sensor location for maxi-
mum velocity must be moved to a access-
able place away from the tip.

Interim Results

FE-simulations have been done to investi-
gate how sensitive the method reacts when 
damages like web failure occur. For that 
reason a harmonic excitation is applied 
and velocity and stress are calculated at 
different locations (Fig. 1 and 2).

 

 

Figure 2: Sensor locations for flapwise 
investigation

Figure 1: Harmonic loading-direction and 
location
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Section f0 [Hz]  Δ f0 [%] Δ k 2� [%] Δ k �0 [%]

intact 0,8033  -  -  -

A  0,8032  0,013  0,43  1,13

B  0,8031  0,025  0,24  0,45

C  0,8032  0,013  0,31  1,06

D  0,8032  0,013  0,26  1,01

E  0,8031  0,025  0,29  1,03

F  0,8031  0,025  0,20  0,43

G  0,8032  0,013  0,29  1,06

Table 1: Results scenario A

Section f0 [Hz]  Δ  f0 [%] 	 Δ k 2� [%]  Δ	k �0 [%] 

Intact  1,4111  -   -   - 

A   1,4110  0,007   0,33   0,33 

B   1,4102  0,064   0,59   0,50 

C   1,4110  0,007   10,59   9,00 

D   1,4111  0,000   10,54   8,96 

E  1,4111  0,000   0,01   0,01 

Table 2: Results scenario B

Several scenarios have been observed, 
with length of single web failure between 
1,5 m up to 5,0 m. Figure 3 and 4 show 
where the failure is applied to the root sec-
tion located where the influence of bend-
ing is most intensive.
 
It is obvious that damages can be detected 
much better using the proportionality meth-
od than using the change of eigenfrequen-
cy as an indicator, because the percentage 
change of the proportionality is more than 
factor 10 higher. Especially scenario B 
shows a mean sensitivity in damage detec-
tion for section C and D (Tabl. 1 and 2).

After the first prototype of deflection 
sensor showed a good perfomance in re-
cording reliable signals, nevertheless the 
mounting strategy had to be improved. 
The second prototype of deflection sen-
sor is now mounted to glass fibre feet 
laminated to the web (Fig. 6) for secure 
durable installation instead of standard 
two-component-glue (Fig. 5).
   

Figure 3: Scenario A – flapwise excitation

Figure 4: Scenario B – edgewise excitation
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Outlook

Current measurements are done that will 
document the consistance of the propor-
tionality factor over more than 4 million 
cycles during a fatigue test on a blade test 
site. A second prototype of deflection sen-
sor also is proofed to be reliable over a 
blade’s lifetime. Next steps are the mount-
ing of a third prototype inside an operating 
turbine blade somewhere in Germany. Ad-
ditionally further simulations will be done 
to show the sensitivity of the method ap-
plied to other typical damage scenarios.

Figure 6: Active unit mounted on glass fibre feet at the web

Figure 5: Active unit mounted with standard glue at the shell
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�.�.2 Increase in Preload of Bolts 
in Joints of Wind Turbines 
by Application of the DISCTM 
(E2-07)
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Introduction

Bolted connections in wind turbine struc-
tures are mainly used for the connection 
of tower sections or blade and nacelle (see 
Fig. 1, left). The connections are exposed 
to high dynamic axial loads. Therefore fa-
tigue assessments have to be carried out. 
For the design loads of bolts in ring flanges 

a non-linear relationship between the bolt 
force and the force in the flange has to be 
considered (see Fig. 1, right). For fatigue 
reasons the preload in the bolted connec-
tion has to be guaranteed.

The effective preload of a bolted connec-
tion is influenced by the surface and friction 
conditions of bolt, nut, washer, and mainly 
by the torque tool used. Investigations at the 
Institute for Steel Construction, of Leibniz 
Universität Hannover show that preloads 
in bolts of the same single manufacturing 
lot differ for different torque tool systems 
(hydraulic or electrical). To increase the 
reliability of the connection the scatter of 
the preload has to be reduced. HYTORC 
invented the bolt washer DISCTM. 

Regarding the scatter of the preload of high 
strength bolts the influence of the DISCTM 
is investigated in this development project. 
Additionally different preload levels and 
coatings of the DISCTM were tested.

Figure 1: Wind turbine structure with ring flange connection

Function of the DISCTM

The HYTORC DISCTM replaces the wash-
er under the nut and is a two component 
member. The outer section is a high raised 
washer. The inner section is a thread sec-
tion which is pressed into the outer section. 
Due to an inner ribbing of the washer the 
inner member can only be moved in axial 
direction.

Testing Series and Test Setup

Tightening tests with the DISCTM-system 
were carried out. For reference conven-
tional bolt assemblies were tightened too. 
These tests should show the effect of the 
shear forces in conventional preloaded 
bolted joints. The test series are summa-
rized in Table 1.
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 bolt set
 number of 

 tests  torque  yield strength  reaction arm  DISC coat

 No.  Name  [-]  [Nm]  [-]  [-]  [-]

 1  conventional M36  15  2.800  0.70 fy,b,k  yes  -

 2  conventional M36  15  �.�00  0.85 fy,b,k  yes  -

 3  M36 with DISC  15  2.700  0.70 fy,b,k  no  hot-dip galvanized

 4  M36 with DISC  15  �.�00  0.85 fy,b,k  no  hot-dip galvanized

 5  M36 with DISC  15  2.450  0.70 fy,b,k  no  bolt coat

 6  M36 with DISC  15  3.050  0.85 fy,b,k  no  bolt coat

 total:  90  bolts fy,b,k = yield strength 

Table 1: Testing series

Besides the nominal preload according to 
the standard DIN 18800-7 [1] an increased 
load of about 85% of the yield strength 
of the bolt material was tested. All tests 
were carried out on a ring flange section 
typical for a wind turbine tower. The bolt 
elongation was measured with an outside 
micrometer. Thus it was possible to deter-
mine the preload in the bolt.

Results of the Preload Test

Figure 2 shows the results from the tight-
ening tests with the nominal preload of Fv 

= 510 kN (70% yield strength [1]). It can 
be seen that 4 of 15 bolts (conventional 
assembly tightened with reaction arm) 

did not reach the required load (test speci-
men 1-15). For the hot-galvanized DISC 
only one test specimen did not reach the 
preload. All tests with boltcoat DISC (201-
215) achieved the preload.

The linear relationship between preload 
and torque moment from the VDI 2230 
[2] was used for the determination of the 
torque moment for the increased preload 
level. Figure 3 presents the results of the 
tightening tests with higher preload level. 
It can be seen that the conventional tight-
ened test specimen did not reach the re-
quired preloads in 9 of 15 cases. On the 
contrary only one test specimen of the 
DISC-equipped specimen did not reach 
the minimum threshold value respectively. 

Four test specimen equipped with DISC have 
been tightened beyond the plastic limit. It has 
to be mentioned that this is not acceptable for 
dynamic loaded connections.

Statistical Evaluation

In addition to the measurements a statis-
tical evaluation was carried out. At first 
mavericks were detected and eliminated. 
Afterwards the standardised normal dis-
tributions for the two different load levels 
and three different bolt assemblies were 
calculated (see Fig. 4 and Fig. 5). It can 
be seen that the application of the DISC 
reduces the preload scatter significantly. 
Especially on the nominal preload level 

Figure 2: Nominal preload level (recommended value: 70% yield strength)
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the scatter could be reduced from 12% to 
4% (assembly with hot-galvanized DISC). 
This tendency can also be seen for the in-
creased load level. The preload scatter was 
reduced from 16 % to 5 % (assembly with 
DISC with boltcoat surface finish).

Conclusion

Within this ForWind development project 
90 bolts M36 were tested on two different 
preload levels and three different assem-
blies. Besides the conventional bolt assem-
bly with torque tool with reaction arm the 
DISC assembly without reaction arm was 
tested. The influence of the DISC regard-
ing the preload and friction scatter was 
investigated. In some cases the achieved 
preload level was higher than the plastic 
limit, which is not allowed for the design 
of connections exposed to high frequent 
dynamic loading. Using the DISC it was 
possible to reduce the necessary torque 
and preload scatter significantly. Thus an 
increase of the preload level was possible.
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Figure 3: Increased preload level (value: 85% yield strength)

Figure 4: Standardized normal distribution nominal preload level

Figure 5: Standardized normal distribution, increased preload level
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3.1.3 Harmonic Behavior and 
Thermal Load in the Ro-
tor Winding of Doubly-Fed 
Induction Generators for 
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Leibniz Universität Hannover, Institute 
for Drive Systems and Power Electronics 
Sebastian Tegeler, Rainer Helmer, 
Bernd Ponick
Partner: LOHER GmbH, Ruhstorf, Rott
Duration: 06.2007 – 05.2008

Introduction

Doubly-fed induction generators are used 
in large quantities for wind energy applica-
tions. For a speed setting range of 1:2, this 
generator concept (see Fig. 1) just requires 
a third of the rated power as converter 
power. The different load points are pre-
dicted for these generators by using the T 
equivalent circuit diagram considering the 
nonlinear magnetizing reactance. Within 
the first part of this project, a method was 
developed to allow a more precise predic-
tion of the magnetizing demand of doubly-
fed machines [1] and [2]. This method is 
given in the ForWind annual report 2007 
[3], where the interim results of this project 
are presented.

The scope of the second part of this project 
is to investigate the harmonic behavior of 
stator and rotor voltages and currents. If 
the amplitudes of the harmonics are high, 
it is necessary to take them into account in 
the T equivalent circuit diagram.  Further-
more, high harmonics affect the thermal 
load of the machine.

Approach / Activities

During the second period of this project, 
substantial measurements at the test field 
of Loher in Ruhstorf have been made. For 
these measurements, a 4-pole 1.5 MW gen-
erator was tested. The grid for the genera-
tor was provided by a 5 MW synchronous 
machine in order to have a low harmonic 
behavior. During the measurements, 50 

Figure 1: Doubly-Fed Induction Generator Concept

load points from cos φ = 0,3 to cos φ = 1 
were logged. Later all load points were ana-
lyzed and compared with the data collected 
by the measurement system of Loher. The 
system of Loher only collects the rms val-
ues of voltages and currents, so that it was 
necessary to take these measurements in the 
test field and analyze the harmonic behavior 
of the generator. The specified measurement 
categories are displayed in Figure 1.

  n in rpm   f in Hz   U in V   P in kW
  Q in         

kVar   P2 in kW   I1 in A   I2 in A

  1799   50   690.0   1277.3   655.6   242.0   1201.3   414.7

Table 1: Main values of the load point

The harmonic behavior of the different 
load points is quite the same. For exam-
ple the Fourier analysis of one load point 
according to the specified measurement 
categories is given in this report. The FFT 
diagram for the rotor signals is shown in 
Figure 2. The main values of this load 
point are given in Table 1.

Figure 2: Fourier analysis of the rotor values
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At the first step rotor values are analyzed, 
because due to the converter in the rotor 
circuit, the harmonic behavior is supposed 
to be higher than in the stator circuit. The 
Fourier analysis of the rotor values is 
shown in Figure 2. The values in this dia-
gram are to be understood as amplitude 
values of the individual frequencies. Here 
the 2 kHz pulse frequency of the converter 
as well as multiples of the converter pulse 
frequency are clearly visible. The rms val-
ue of the rotor voltage in this load point is 
357.8 V. The largest harmonic amplitude 
compared to the fundamental of the volt-
age is about 22%.

In the Fourier analysis of the rotor current, 
the same frequencies can be found as in the 
rotor voltage. The amplitude of the pulse 
frequency at 2 kHz compared to the am-
plitude of the fundamental of the current 
is about 0.77%. Therefore, the impact of 
the harmonic behavior in the rotor circuit 
is negligible. The rms value of the rotor 
current in this load point is 414.7A and can 
be predicted with an accuracy of 0.5% by 
using the method that was developed dur-
ing the first period of this project.

Performing a Fourier analysis of the sta-
tor and rotor current close to the pulse fre-
quency, the main harmonic amplitudes in 
the rotor current can be calculated as fol-
lows:

The fundamental wave slip frequency  of 
the rotor current is about 10 Hz according 
to the speed of 1799 rpm. Both of these 
components at 1980 Hz and 2020 Hz are 
generating a field in the air gap of the gen-
erator which induces a voltage in the stator 
winding with the following frequency:
 

The sign in this equation of the rotor fre-
quency depends on the direction of rota-
tion of the harmonic rotating field. If the 
field rotates in the same direction as the 
rotation speed the frequencies add to each 
other.

The harmonic amplitude of the 2 kHz com-
ponent in the stator current is, related to the 
amplitude of the fundamental, about 0.64% 
and in the stator voltage 0.25%. Therefore, 
the impact of the harmonic behavior of this 
generator is negligible.   

Results

The impact of the harmonic behavior of 
the stator and rotor current is very low, 
thus it does not affect the operation behav-
ior of the generator in a significant way.  
Therefore, it is not necessary to imple-
ment the different harmonics into the T 
equivalent circuit diagram, and no signifi-
cant additional thermal load is caused by 
the harmonics of the converter in the rotor 
circuit.

With the method developed in this project, 
an accuracy predicting the rotor current of 
less than 2.5% is possible. Therefore, the 
project partner is also able to make better 
predictions for the thermal load in the rotor 
winding.

Figure 3: Fourier analysis of the stator values
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3.1.4 Development Project 
  ForWind-Academy: A 

Unique Offer for Academics 
to Obtain Qualification 

  (E1-08)

ForWind Competence Center
Stephan Barth, Nicole Kadagies, 
Moses Kärn
Partner: Overspeed GmbH & Co. KG
Duration: 06.2008 – 03.2009

Description

The ForWind Academy development 
project was launched in June 2008. A part-
ner in this project is Dr. Hans-Peter Waldl, 
general manager of Overspeed GmbH 
& Co. KG, drawing on over 20 years of 
branch expertise as a consultant and in-
structor. Together with Overspeed GmbH 
& Co. KG, ForWind goes by the name 
ForWind Academy and initiates the offer-
ing of high-quality seminars and advanced 
training for academics in the wind energy 
sector. The target groups are experts and 
management, decision makers and innova-
tors. Seminars on offer take up current is-
sues occurring in real-world field scenarios 
and present interfaces to scientific knowl-
edge gained from research and develop-
ment. The ForWind Academy develop-
ment project is particularly adept when it 
comes to level of expertise and the didactic 
preparation of seminar topics and content. 

What ForWind Academy offers sets it 
apart from the available mass of training 
possibilities which generally tend to serve 
as an introduction by conveying basic 
knowledge with no direct link to current 
topics in research and development. Fur-
thermore, lecturers are not merely selected 
by expertise, but also by their experience 
as teachers.

The ForWind Academy was preceded by 
the excellent cooperation between For-
Wind and Overspeed GmbH & Co. KG 
which exists as part of the unique and in-
novative program: “Continuing Studies 
Program in Wind Energy Technology and 
Management”.

Approach / Activities

In the last few years the wind energy branch 
has been experiencing rapid growth, making 
it an important area for future development 
and offering manufacturers, subcontractors 
and service providers’ significant potential 
for future growth. At the same time, the 
wind energy sector is suffering from a lack 
of highly skilled personnel, and this situation 
is aggravated by the absence of structured 
and specialized academic training programs 
as well as courses, such as what is the norm 
in the automobile and aircraft industry. Dur-
ing the starting phase of the sector’s growth 
it was possible to train people on the job. 
However, currently the tasks and demand for 
experts have reached a level which makes 
pre-existing qualifications essential. As a re-
sult, the successful development of the wind 
energy sector will be increasingly tied to the 
availability of courses like those which the 
ForWind Academy offers, along with train-
ing and professional certification opportu-
nities. 

The partners ForWind and Overspeed GmbH 
& Co. KG began by compiled a range of top-
ics in the areas of management, planning and 
engineering which are highly relevant to the 
wind energy sector. This initial concept for 
content was followed by direct talks with 
the experts and co-contributors involved. 
At the same time, a marketing concept was 
prepared and conducted to reach out to the 
target groups involved in a subject-specific 
manner. The two first seminars took place 
in November 2008 with a total of 20 partici-
pants. On account of the marketing activities 
and the higher profile following as a result, 
the actors involved in the current 2009 semi-
nar program are looking forward to a higher 
number of participants.   

Focusing on the new EEG 2009, the first 
one-day seminar was held on 19 November 
2008 by the attorney Dr. Jan Reshöft from 
Kanzlei Berghaus und Partner, lecturing on 
the question “Changes and Potential: What 
Will the New EEG 2009 Feature?”. Three 
co-lecturers assisted this seminar concept. 

The main focus of the 2nd seminar on 25 
and 26 November 2008 was “Grid Con-

nection Features of Wind Energy Facili-
ties” with Prof. Dr. Detlef Schulz from the 
Helmut-Schmidt-University Hamburg. The 
ForWind Academy offers a platform for in-
tensive advanced training and the exchange 
of ideas. Seminars shall furthermore be ac-
cessible to newcomers looking to acquaint 
themselves with a specific topic and for 
contact to specialists. Apart from advanced 
training, the ForWind Academy also serves 
in the creation and support of networks.  

Results

ForWind Academy will continue to estab-
lish its reputation as the place to look when 
it comes to high-class seminars dealing with 
current topics on an academic level and 
with a high degree of relevance to practical 
applications, also functioning as a commu-
nication exchange among experts.  In doing 
so, ForWind Academy extends the range of 
services provided by ForWind and contrib-
utes to its own name as a place for conduct-
ing wind energy research and the knowl-
edge transfer. In 2008 ForWind Academy 
successfully began its activities with two 
seminar events. In the first six months of 
2009, the offer shall comprise a total of 9 
seminars with a March 2009 kick-off date. 
In addition to the seminars on offer, we 
will be placing emphasis on the compila-
tion and extension of in-house seminars for 
companies with specific problems to be ad-
dressed. 

Next Steps

– Execution of the current seminars on offer  
   for the first half-year of 2009 

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

www.forwind-academy.com
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3.1.5 Analysis of Unsteady Flow 
on Rotating Wind Turbine 
Blades (E2-08)

Carl von Ossietzky Universität Oldenburg 
Institute of Physics 
Bernhard Stoevesandt, Nils Kirrkamm, 
Joachim Peinke 
Partners: REpower Systems AG 
Duration: 10.2008 – 03.2009

Motivation

On blades of wind turbines a lot of vortex 
separation appears preferably at the blade 
root. This is caused by the nacelle, the 
tower and mainly by the special geometry 
of the blade at the root. Such vortices are 
forced towards the outer blade by the Co-
riolis-force. This leads to unsteady effects 
on the blade causing mechanical loads.

The research on such effects appears to be 
rather difficult, as the effect is unsteady 
and due to the rotational domain hard to 
reach experimentally. Research has so far 
been done using wind tunnel measure-
ments [1] and steady computational Rey-
nolds averaged numerical simulations [2]. 
Both methods had difficulties to show the 
real characteristics of the unsteady flow 
along the blade.

Therefore we aim to improve the numeri-
cal simulation to also resolve the unsteady 
effects on the blade. Time resolves simula-
tions especially of the critical regions are 
to be done and the results to be evaluated 
especially with stochastic analysis. The 
obtained data is to be used for the optimi-
zation of the inner part of future blades.

Activities

For an analysis REpower made a 40 m 
blade of their 2 MW class turbines avail-
able. Also REpower constructed a grid and 
performed a k-e steady state model – state 
of the art simulation using CFX-Ansys as 
a benchmark.

This was to be met by simulation using 
OpenFOAM. Nevertheless the Ansys grid 
did not prove to be suitable for or convert-
ible to OpenFOAM. Therefore a similar 
grid has been constructed for OpenFOAM 
and in a first step a comparable k-e steady 
state simulation was done. Both results are 
to be compared to a few measurements 
done by REpower to compare the over all 
results. In a second step an unsteady simu-
lation has been performed using Open-
FOAM. 

Outlook

As the Project is still running the evaluation 
of the results is in progress. As OpenFOAM 
offers many options and models further im-
provements will be possible in the future. 
Also so far the size of the grid has been 
kept to a limit of 8 million elements. This 
size is a result of computational limits up to 
now, set by todays desktop computers, that 
are used within the companies. Lager grids 
could of cause improve the simulation qual-
ity. The availability of larger computational 
clusters for wind turbines manufacturers 
may become therefore a crucial question. 
Even more as the size of the wind turbine 
blades increases more and more.
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3.1.6  Novel Line-side Control 
Methods for Wind Energy 
Plants with Medium Voltage 
Converters (E3-08)

Leibniz Universität Hannover, Institute 
for Drive Systems and Power Electronics 
Michael Wöhrmann, Axel Mertens
Partner: Siemens AG, Nürnberg 
Start: 12.2008 

Introduction

As an alternative to low voltage converters 
used so far, medium voltage converters are 
most suitable to be applied in wind energy 
plants with synchronous generator and full 
converter for a power of 3 MW and higher. 
Advantages are lower current and smaller 
conductor diameter while producing the 
same power output. In this way, the nacelle 
weight and thus the weight of the complete 
construction can be reduced.

Medium voltage converters only toler-
ate low switching frequencies less than 
1000 Hz, which, when using conventional 
control methods, lead to considerable out-
put current distortions, thus limiting the 
control dynamics. This can be improved 
by increasing the switching frequencies, 
which on the other hand is accompanied 
by considerably higher heat losses in the 
semiconductor elements.

The Institute for Drive Systems and Power 
Electronics (IAL) has developed a novel 
control method for converters with LC out-
put filter for controlling electric drives [1], 

thus enabling dynamic control even with 
very low switching frequencies. Within 
the scope of the present ForWind develop-
ment project, it is investigated if this con-
trol method is suitable for the supply into a 
medium voltage grid. Contrary to the drive 
control, the grid connected converters have 
to comply with the standards given by the 
utility companies [2]. The requirements 
how to react on line disturbances are above 
all challenging for the closed-loop control.

Approach / Activities

The control method is a predictive control 
which IAL has developed so far only for 
induction machines. The semiconductor 
valves of the converter are not controlled 
according to a fixed switching pattern, but 
it is decided at each switching instant with 
which switching position the output state 
required in the next instant can most suit-
ably be reached. For this purpose, all suit-
able switching states are calculated, with 
regard to their effect on the output current 
waveforms and the voltage at the filter ca-
pacitor, and then the one with the most fa-
vorable resulting behavior is selected.

The investigation of the aforementioned 
method for the mains supply requires a 
suitable simulation model, which can 
roughly be divided into two blocks: Con-
verter model with filter and control and a 
medium voltage grid model. 

For this purpose, the model already exist-
ing at IAL must be adapted and modified. 
First, the output filter has to be designed 

with respect to the line impedance, so that 
the resonance frequency is within the range 
of the switching frequency of about 400 
Hz and the filter offers a good resistance 
towards disturbances and line harmon-
ics. The differential equations of the filter 
model integrated in the predictive control 
and of the line model must be changed ac-
cording to the design, in order to be able to 
calculate the system behavior for the next 
particular switching state. 

In addition, a line model has to be devel-
oped and verified. The model step size 
must be in the µs range, in order to be able 
to picture line harmonics and switching op-
erations. For the line model, the attention 
is also turned on the simulation of possi-
ble line disturbances, as for example short 
circuits near and far away from connecting 
points.

It must be investigated, if the control 
method used complies with the connec-
tion standards, as for example supply in a 
short circuit with double rated current for 
at least 150 ms [2], without exceeding the 
thresholds at which the converter switches 
off. It must be determined by means of 
steady-state simulations if the LCL filter 
applied is sufficient to comply with the re-
quirements on harmonics being impressed 
to the mains, or if additional filters must be 
provided.
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�.2.2 Deutscher Windmonitor 
– German Wind Monitor: 
Characterization and Pre-
diction of the Wind Field 

Carl von Ossietzky Universität Oldenburg 
Institute of Physics 
Jinhua Jiang, Lüder von Bremen, 
Detlev Heinemann, Jens Tambke 
Partners: ISET e.V., Universität Kassel 
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
 Duration: 2007-2008

For Wind’s task in the project German Wind 
Monitor (Deutscher Windmonitor) was to 
provide forecasted wind fields which are 
corrected with in-situ wind observations 
from measurement masts. The corrected 
wind fields are the basis for improved 
wind power predictions that are important 
for a save grid integration of fluctuating 
wind power. The correction of wind fields 
is necessary as Numerical Weather Predic-
tions (NWP) may suffer from phase-shifts 
in forecasts and very local developments 
like strong depression. 

Wind measurements of 2004 and part of 
2006, collected in ISET's WMEP program 
(Scientific Measurement and Evaluation 
Program) were used to correct the wind 
field forecasts of the German Weather 

3.2 Other Projects

�.2.� GROW – 
 Grouted Connections for 

Offshore Wind Turbine 
Structures

Leibniz Universität Hannover, Institute 
for Steel Construction
Peter Schaumann, 
Stephan Lochte-Holtgreven
Partners: Germanischer Lloyd Industrial 
Services GmbH, Hamburg, 
SIAG Anlagenbau Finsterwalde GmbH, 
Finsterwalde, 
Heijmans Oevermann GmbH, Münster
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
Duration: 10.2006 – 03.2010

The research project GROW – Grouted 
Connections for Offshore Wind Turbine 
Structures – is funded by the German Fed-
eral Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU), 
which is represented by the Projektträger 
Jülich (PTJ). GROW started in October 
2006 and will end in March 2010. During 
this period the bearing behavior of grouted 
connections of offshore wind turbine sup-
port structures is investigated at different 
limit states. Therefore, several small scale 

tests have been carried out to investigate 
the axial force capacity. In addition large 
scale bending tests are performed at the 
laboratories in Hanover.

Monopiles with grouted connections will 
be one type of the support structures in the 
upcoming German Offshore Wind Projects 
inside and outside the twelve miles nauti-
cal zone. In comparison to other parts of 
the monopile the grouted connection is a 
quite expensive detail. A cost reduction 
of this construction detail becomes more 
and more decisive in the competition with 
other support structure solutions.

The conclusions and results of the former 
ForWind-Project TP V: “Forecast of Fa-
tigue Life of Support Structures of Off-
shore Wind Energy Conversion Systems” 
were used as basis for GROW. The test-
setup from the ForWind-Project TP V was 
modified. The test frame will be used for 
large scale tests with different materials 
and geometric properties. The overlap 
length between monopile and transition 
piece and the material strengths of the used 
grout mortars will be downscaled signifi-
cantly.

National and European companies sup-
port the research work by providing 
measurement data, grout materials and 
design know-how.
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Service's Local Model (DWD-LM, now 
COSMO-EU). Wind data of met-masts at 
44 stations distributed over whole Ger-
many were available. They were measured 
at two observational levels (10 m and 30 
to 50 m, depending on the site). After pre-
processing (quality control) of the data, the 
systematic error (bias), the phase error and 
the local-scale error were corrected. 

The bias correction led to a reduction of 
the root mean square error (RMSE) by 0.3 
m/s to 0.4 m/s at the first observational 
level, and 0.1 m/s at the second level. The 
bias matrices were calculated separately 
for different wind directions. 

Another typical prediction error is the 
phase error. Thus the prediction can be cor-
rect in principle but time shifted. A phase 
correction is applied which compensates 
these delayed or early wind field predic-
tions. This was realized by an approach 
which minimizes the error sum of the wind 
speeds. As result an optimum phase-shift 
vector was found. The phase correction 
reduced the RMSE by 0.1 m/s to 0.5 m/s 
at different time steps (Fig. 1). A second 
approach, the direct detection of weather 
fronts, turned out to be very dependent on 
the data quality. 

Local-scale errors are caused by the inad-
equate representation of local forcing or 
local weather processes. They were cor-
rected using the observed wind data to 
derive a correction term. Then the Cress-
man interpolation technique was used to 
get a weighted average of correction terms 
within an influence radius around the grid 
point. The Cressman scheme was only ap-
plied for 30-meter-level wind fields. The 
correction terms show an underestimation 
of the wind speed in regions near the North 
and Baltic Sea, respectively, and in the 
middle of Germany (Fig. 2), the extent be-
ing dependent on the wind direction. Rea-
sons can be the inadequate representation 
of the land-sea-breeze and the topography. 
A correction of the local-scale errors de-
creases the RMSE by 0.1 m/s to 0.2 m/s. 

It turned out that phase errors are difficult 
to capture because weather fronts are not 
a local phenomenon but depend on the 
development of a whole weather system 
and are thus difficult to evaluate correctly. 
Real-time measurements provide the op-
portunity to detect and correct these errors 
considerably. Bias and local-scale errors 
are much more characteristic for one re-

Figure 1: RMSE of corrected forecasts at 10 m height of 44 stations. Blue points: 
each station, red lines: all stations. Dashed lines: RMSE of original DWD-LM fore-
casts for all stations.

gion. Therefore these errors can be reduced 
with an evaluation of historic measure-
ments only. 

Results show that wind forecasts can benefit 
from subsequent corrections of systematic, 
phase and local-scale errors. This is an im-
portant requirement that in addition leads 
to improved wind power predictions.

Figure 2: Average of correction terms for the wind field over Northern Germany 
(m/s), data of 2004
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3.2.3 WISENT – Wissensnetz 
Energiemeteorologie 

Carl von Ossietzky Universiät Oldenburg, 
Institute of Physics 
Thomas Petroliagis, Lüder von Bremen, 
Detlev Heinemann, Jens Tambke
Partners: OFFIS, German Aerospace 
Center (DLR), Meteocontrol GmbH, 
University of Oldenburg (EHF), 
Funded by the Ministry of Education and 
Research (BMBF), Berlin 
Duration: 2006 – 2008 

WISENT (Wissensnetz Energiemeteorolo-
gie) is the German “Knowledge Net Ener-
gy Meteorology”. The emphasis is thereby 
on renewable energies, which depend in 
particular on the weather situation, and to 
provide the fundamental concept of energy 
meteorology.

One of the main work packages focused on 
the implementation and evaluation of the 
mesoscale model WRF (Weather Research 
and Forecasting Model, www.wrf-model.
org). A close collaboration with OFFIS 
that set up the technical infrastructure and 
operates the computing cluster was estab-
lished. 

WRF’s main components, i.e. preprocess-
ing, solver(s), physics and post-processing 
modules are shown in Figure 1. WRF is 
maintained and supported as a commu-
nity mesoscale model to facilitate wide 
use in research, particularly in the univer-
sity community. The WRF software infra-
structure supports two dynamical cores, 
the Advanced Research WRF (ARW), 
whose development has been led by the 
National Center for Atmospheric Research 
(NCAR), and the Non-hydrostatic Meso-
scale Model (NMM) core developed by 
the National Centers for Environmental 
Prediction (NCEP).

The research goals consisted in improving 
the wind speed forecasting skill. The tech-
nical goals consisted in successfully and 
efficiently utilizing the heterogeneous com-
puting resources available within D-Grid 

and in implementing a generally usable, 
sustainable framework for running the 
WRF model and post-processing its raw 
output for the purposes of energy mete-
orology community (e.g. vertical interpo-
lation to desired height levels, horizontal 
interpolation to desired coordinates, lag 
averaging, computing verification scores 
and so on). Finally, the organizational 
goals consisted in establishing a set of 
standardized procedures, tools, and domain 
knowledge necessary to perform research 
and to provide semi-operational wind 
forecasting services, as well as identifying 
further opportunities for transferring this 
knowledge into generalized energy mete-
orology applications (e.g. solar energy). 
The research work resulted in the initial 
implementation and validation of WRF as 
the mesoscale platform in WISENT, fol-
lowed by the examination of the Lagged 
Average Forecasting (LAF) methodology 
for wind speed prediction, which was later 
refined by combining LAFs into ensemble 
schemes using optimal weights. Based on 

our results, the construction of a Combined 
Prediction System (CPS) comprising deter-
ministic and ensemble members was pos-
sible using an optimal combination of dif-
ferent forecast components such as NCEP 
GFS deterministic forecasts, NCEP GFS 
LAFs, WRF deterministic high-resolution 
(mesoscale) forecasts, and WRF LAFs. 
This CPS can be extended to include addi-
tional components, for example ECMWF 
IFS deterministic forecasts and ECMWF 
Ensemble Prediction System (EPS). Such 
an optimally combined meteorological 
forecast system (CPS) linked to wind pow-
er forecasting tools should be evaluated on 
all relevant time scales that are interesting 
to end-users, such as wind farm operators, 
transmission system operators and energy 
traders. The technical work resulted in the 
“gridification” of  WRF – establishing the 
procedures and tools for maintaining model 
installations and executing instances of the 
model at multiple D-Grid sites and for data 
post-processing as required by the Lagged 
Average Forecasting methodology. 

Figure 1: Weather Research and Forecasting Model's main components
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�.2.� Decentralized Energy 
 Management (DEMS) 

Project – Wind Power 
 and Load Forecast

Carl von Ossietzky Universität Oldenburg 
Institute of Physics
Nadja Busch-Saleck, Jethro Betcke, 
Florian Bertsch, Ulf Gräwe, 
Lüder von Bremen, Detlev Heinemann
Partners: FH Wilhelmshaven, 
TU Clausthal, Leibniz Universität 
Hannover, OFFIS e.V., BTC AG, EWE AG; 
Funded by EWE AG
Duration: 2004 – 2008

Introduction

The research project DEMS was initi-
ated to develop a Decentralized Energy 
Management System (DEMS). Especially 
renewable energies can be managed effec-
tively in such a system which accounts for 
the fluctuating energy supply. 

ForWind was responsible for wind power 
and load predictions.

Wind Power Prediction

ForWind runs two wind power prediction 
models, a physical one (Hugin) and a sta-
tistical one, based on Neural Networks. 
They both use wind speed of Numerical 
Weather Prediction Models as input data. 
Their time horizon is up to 72 hours.

The models were adapted for the special 
needs of the project, with clear focus on 
Hugin. This means wind power predictions 
for the EWE region (north-westerly region of 
Germany) and single wind farms were real-
ized. Fed-in wind power serves as reference 
data which allows better adaption to real val-
ues and error evaluation. Model Output Sta-
tistics help to optimize the predictions. 

It is shown that the error of the wind power 
prediction is highly dependent on the size 
of the predicted area. Error smoothing of 
independent errors in large areas results in 
smaller errors. 

The statistical model turns out to have 
lower prediction errors. This is mainly due 
to the adaptive power curve which consid-
ers the different regional conditions. This 
is an advantage especially for single spots 
because corresponding prediction errors of 
the input data are relatively high. 

Additional to the deterministic prediction 
the uncertainty was estimated by an ap-
proach based only on the preceding time 
series of the wind power. Several error 
measures were defined which characterize 
the time series. Their combination could 
then be related to the forecast error. The 
results show realistic uncertainty ranges.

An improvement of the power prediction 
of the first few hours is possible if the lat-
est wind power feed-in is available for 
several wind farms in a larger region. This 
information can then be used to generate 
or correct the predictions. First studies 
show promising results, particularly for 
time periods of very pronounced weather 
situations like periods of predominant west 
wind.    

The classification of different weather 
regimes was realized using atmospheric 
pressure fields over Europe. Cluster analy-
sis of those data categorized the prevailing 
weather system of each day.

Conventional wind power predictions base 
on global numerical weather prediction 
models. Their precision is limited when 
predictions for small regions are consid-
ered.  Since the wind power prediction is 
highly dependent on these input data, it is 
recommended to improve the quality of 
them directly. In following studies this will 
be realized by mesoscale modeling or en-
semble prediction, which is a combination 
of several weather prediction models. 

User Load Prediction

An accurate day-ahead prediction of the 
electricity demand is essential for both the 
economical and technical planning of the 
electricity production and distribution. Un-
til recently the electricity production was 
highly centralized and it was sufficient to 
predict the user load only for larger re-
gions, typically the size of a utility grid. 
These predictions are usually carried out 
by an experienced expert aided with some 
computer tools. However, with the grow-
ing contribution of decentralized energy 
production, grid management requires user 
load predictions for smaller subgrids. The 
shear number of these subgrids requires 
automation of the prediction process. To 
this end ForWind has developed the soft-
ware package ProLa. 
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ProLa uses historical data to establish 
empirical relationships between user load 
and so-called exogenous parameters, i.e. 
external factors that influence the user 
load. These exogenous parameters can be 
divided in predictable “calendar” quan-
tities such as the hour of day, day of the 
week and schoolholidays, and weather 
quantities such as temperature and solar ir-
radiance. It was shown that the user load 

Publications

Betcke, J.: Abschlussbericht des 
DEMS-Teilprojektes BO-1 Verbrauchs-
lastprognose (Final report on the 
DEMS subproject BO-1 user load 
prediction), Confidential, September 
2008, Forwind, Oldenburg, 
commissioned by EWE

depends not only on the current weather, 
but on the weather in the recent past and 
even on the anticipated weather in the near 
future. To take this hysteresis effects into 
account without getting too much free 
parameters redundancy in weather time 
series were removed using principle com-
ponent analysis. The relationships between 
user load and the principle components of 
the weather data can than be applied to the 

weather forecast to obtain a prediction for 
the user load. 
The method described above ignores the 
presence of trends, such as caused by the 
gradual increase in the use electrical appli-
ances. To take these long term trends into 
account the deterministic ProLa approach 
was combined with a simple autoregres-
sion model. This further increased the ac-
curacy of the model.

Saleck, N.: Abschlussbericht des DEMS-
Teilprojektes BO-1 Windlastprognose 
(Final report on the DEMS subproject 
BO-1 wind load prediction), 
Confidential, September 2008, 
Forwind, Oldenburg, commissioned by 
EWE
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3.2.5 Joint Research Project 
”Development of LiDAR 
Measurement Techniques 
for the German Offshore 
Test Site”

Carl von Ossietzky Universität Oldenburg 
Institute of Physics 
Matthias Wächter, Joachim Peinke
Partners: SWE (Endowed Chair of Wind 
Energy), Universität Stuttgart, 
DEWI (Deutsches Windenergie Institut), 
DLR (Deutsches Zentrum für Luft- und 
Raumfahrt), 
FGW (Fördergesellschaft Windenergie), 
Multibrid GmbH
Duration: 08.2007 –  03.2010

Introduction

Wind field measurement by LiDAR (Light 
Detection and Ranging) technology be-
comes more and more important with 
increasing costs for metmasts on the one 
hand and the need for better spatial and 
temporal resolution on the other hand. The 
LiDAR project aims at developing mea-
surement techniques with direct applica-
tions for the measurement of power curve 
and nacelle-based inflow and wake wind 
fields. Additionally, research-oriented work 
is done with regard to wake loading simu-
lation and loading control strategies based 
on inflow measurements. 

Activities

The project is coordinated by the Endowed 
Chair of Wind Energy (SWE) at the Uni-
versity of Stuttgart, Germany, and is con-
ducted in four work packages: the first 
work package “LiDAR technology” deals 
with the specification, acquisition, cali-
bration and adaptation for nacelle-based 
measurements of a commercial LiDAR 
system. Work package “Power curve 
measurement” is dedicated to power curve 
assessment with ground-based LiDAR us-
ing standard statistical methods. Addition-
ally, new methods are applied and further 
developed to derive the power curve from 

high frequency measurement data, analyz-
ing the short-time dynamics of the power 
conversion process. The third work pack-
age “Wind field research” aims at the de-
velopment of wake loading simulation 
methods for wind turbines and the explora-
tion of loading control strategies. Finally, 
dissemination of results to the industry 
takes place in work package 4 “Technol-
ogy transfer”.

 

Figure 1: Sketch of the measurement 
principle of the Leosphere WindCube Li-
DAR system, which is used in the project.

Publications

Rettenmeier, A., Kühn, M., Wächter 
M., Rahm S., Mellinghoff H., Sieg-
meier B., Reeder L.: Development of 
LiDAR Measurements for the German 
Offshore Test Site, IOP Conf. Series:  
2008, Earth Environ. Sci. 1, 012063 
(2008)
Wächter M., Rettenmeier A.,
Kühn M. and Peinke J.: Wind Velocity 
Measurements Using a Pulsed LIDAR 
System: First Results, IOP Conf. Ser.: 
2008, 
Earth Environ. Sci. 1, 012066 (2008)
Wächter M., Gottschall J., Retten-
meier A., Peinke J.: Dynamical Power 
Curve Estimation Using Different 
Anemometer Types, Proc. DEWEK 
2008, Bremen (in print)

Figure 2: Test site of the first measurement campaign near Bremerhaven, with Multibrid 
M5000 wind turbine and 102 m metmast of the University of Stuttgart.
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3.2.6  SCHALL 3 – Design, Testing, 
Realization and Verification 
of Low Noise Construction 
Methods and Noise Reduc-
tion Techniques During 
Construction of Offshore 
Wind Turbines

Leibniz Universität Hannover, Institute 
for Structural Analysis (coordination)
Raimund Rolfes
Partners: German Wind Energy Institute 
(DEWI), Wilhelmshaven, 
Thomas Neumann, 
Institute for Technical and Applied Phy-
sics (ITAP), Oldenburg, 
Manfred Schultz-von Glahn
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
Duration: 12.2007 – 11.2010

This research project is funded by the Fed-
eral Ministry for the Environment, Nature 
Conservation and Nuclear Safety (BMU). 
Primary objective is the investigation of 
low noise construction methods and noise 
reduction techniques during construction 
of offshore wind turbines. Especially while 
pile driving activities sound pressure levels 
occur that exceed the limit values given by 
the Umweltbundesamt (UBA) and perma-
nent hearing damage of marine mammals 
cannot be excluded.

There are primary and secondary actions to 
be investigated. Primary actions reduce the 
noise at the sound origin. These are optimi-
zation of the impulse pile driving param-
eters by lengthening the stroke duration 

on the one hand and the use of vibration 
pile drivers on the other hand. Second-
ary actions reduce the noise during sound 
propagation. Here are coatings and air bub-
ble curtains the object of research. Further-
more, the sound propagation through the 
seabed is to be quantified.

Noise reduction techniques will be investi-
gated by use of computational simulations 
and small scale experimental tests in the 
laboratory. In order to validate the numeri-
cal models experiments will be arranged 
on a near shore test pile in the Baltic Sea. 
The final testing of the sound reduction 
methods will be performed in large scale 
offshore tests in cooperation with indus-
trial partners.

Figure 1: Simulation of underwater sound propagation 

Competence Center
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3.2.7  GIGAWIND alpha ventus 
– Holistic Design Concept 
for OEWC Support Struc-
tures on the Base of 

 Measurements at the 
 Offshore Test Field “alpha 

ventus”

Leibniz Universität Hannover, Institute for 
Structural Analysis (coordination)
Raimund Rolfes, Gerrit Haake,
Institute for Steel Construction (deputy 
coordination)
Peter Schaumann
Franzius Institute for Hydraulic,
Waterways and Coastal Engineering
Torsten Schlurmann
Institute for Building Materials 
Ludger Lohaus
Institute for Soil Mechanics, Foundation 
Engineering and Waterpower Engineering
Martin Achmus
Partners: Fraunhofer-Institute for Wind 
Energy and Energy System Technology 
(IWES), Bremerhaven, 
Holger Huhn, 
REpower Systems AG, Hamburg, 
Multibrid GmbH, Bremerhaven
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
Duration: 03.2008 – 04.2011

Primary objective of the RAVE project 
GIGAWIND alpha ventus is cost reduc-
tion for OWEC support structures (towers, 
different types of substructures and foun-
dations). This can be divided in designing 
lighter support structures on the one hand 
(material cost) and in optimizing the de-
sign process on the other hand (personnel 
cost). Because of the interdisciplinary ori-
entation of the project coverage of all civil 
engineering problems is intended. 

This endeavor primarily requires a holistic 
view on the design process encompassing 
the following design aspects: Load mod-
eling – analysis of multidirectional wave 
loads for the estimation of optimized sea 
state coefficients and correlation with wind 
loads. Fatigue – varying influence of manu-
facturing aspects represented by large safe-

ty factors. Corrosion – corrosion protection 
for offshore steel structures. Monitoring 
– reliable load monitoring at global and 
local components of the structure. Scour 
– development of new scour protection 
systems and local scour monitoring. Foun-
dation – modeling of the load-carrying be-
havior of driven offshore piles. Validation 
– automated validation of general structural 
models. With the integration of separate 

computational tools into an easy operable 
simulation and design package with com-
mon interfaces the efforts focusing on the 
design process will be minimized.

The RAVE initiative covers a big measure-
ment campaign like strain gauges, accel-
eration sensors or water pressure sensors 
enabling this outstanding research on sup-
port structures.
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�.2.8 OGOWin – Optimization of 
Jacket Foundation 

 Structures for Offshore 
Wind Turbines 

 Concerning Material Con-
sumption, Assembling Order 
and Manufacturing Process

Leibniz Universität Hannover, Institute for 
Structural Analysis 
Raimund Rolfes, Thomas Pahn
Partners: WeserWind GmbH 
(coordination), 
Bundesanstalt für Materialforschung und 
Prüfung (BAM), 
Europipe GmbH, 
Fraunhofer-Institut für Windenergie und 
Energiesystemtechnik (IWES), 
Hochtief Construction AG, 
REpower Systems AG
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
Duration: 11.2006 – 11.2009

The size of dynamic loads on offshore wind 
turbines, which are in detail wind, waves 
and operating state, is essential for the de-
sign of the load carrying structure as well 
as the foundation. Within the collaboration 
research project OGOWin the Institute for 
Structural Analysis (ISD) in Hanover deals 
with the optimization of an offshore wind 
turbine foundation due to dynamic forces. 
 
Because offshore wind turbines are planned 
for water depth up to 40 meters, the col-
laboration work is geared to a secure and 
economical design of a so called jacket 
structure. Therefore an onshore prototype 
was erected in Bremerhaven. Experiences 
and results obtained at this structure can be 
transferred later to offshore sites. 

The contribution of ISD to optimization 
process and economical design is the anal-
ysis and assessment of the dynamical be-
havior of the entire structure. Firstly, with 
a combination of calculation and measure-
ment of the real world structure a validation 
of the design basis shall be performed.

For that the real structure will be excited 
by defined test functions as well as ambient 
excitation to determine the natural frequen-
cies and natural modes (global and local 
modes). Afterwards the numerical model 
can be adapted to the real vibration charac-
teristics by means of the measured values 
(model updating).

The final step deals with the measurement 
of the jacket structure under natural loads 
(e.g. wind, waves, operating state) with 
the aim to investigate realistic load values. 

Figure 1: REpower 5M with jacket foundation structure

This will be reached by performing inverse 
calculation using the updated FE-Model. 
Thus with the help of the known dynami-
cal characteristics of the structure and its 
measured responses load values can be 
estimated. Finally the comparison of esti-
mated loads to those taken from the present 
standards and used for the designing pro-
cess of the structure can distinguish the po-
tential for optimization. This in particular 
generates benefit in serial production like 
it is intended for manufacturing load carry-
ing structures for offshore wind turbines.

Competence Center
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3.2.9 Adaption and Test of an 
 Early Damage Detection- 

and Load Monitoring 
 System for Glass Fiber 

Blades of Wind Energy 
 Converters

Leibniz Universität Hannover, Institute for 
Structural Analysis
Raimund Rolfes, Stephan Zerbst
Partners: REpower Systems AG, Rends-
burg (coordination),
Hottinger Baldwin Messtechnik GmbH, 
Darmstadt
Funded by the Federal Ministry for the 
Environment, Nature Conservation and 
Nuclear Safety (BMU)
Duration: 01.10.2007-30.09.2010

The research project “Adaption and Test 
of an Early Damage Detection- and Load 
Monitoring System for Glass Fiber Blades 
of Wind Energy Converters” is funded by 
the German Federal Ministry for the Envi-
ronment, Nature Conservation and Nuclear 
Safety (BMU), which is represented by the 
Projektträger Jülich (PTJ). 

Started in October 2007 it will be finished 
in September 2010. 

During this period a new approach on 
early damage detection together with new 
sensing technology specialized for the use 
inside rotor blades will be investigated. 
Therefore, first, FE-simulations will be 
done to carefully prepare the system for 
further application. After that real fatigue 
tests on state of the art blade structures 
are joined and used for necessary system 
optimizations. At last sensing technology 
together with early damage detection- and 
load monitoring system will be implement-
ed to a blade of a wind energy converter to 
evidence its quality during operation.

The way of manufacturing state of the 
art blades still offers several uncertainties 
where damages can grow. Delaminations 
of fiber layers or bonding failure are real-
istic damage scenarios. The goal is to spot 
these starting damages as early as possible 
to avoid cost intensive repair. Beyond, the 
option of a damage detection system com-
bined with a load monitoring system can 
give input to the future design process of 
even larger rotor blades. Focusing on off-
shore wind parks today, there is surely a 
need for reliably working monitoring sys-
tems for blade structures to give respect to 
a challenging environment.

Figure 1: Determination of dynamic structural response of a rotor blade.
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3.2.10 Partner in the EU-Project 
POWER cluster 

ForWind Competence Center
Moses Kärn
Duration: 07.2008 – 06.2011

Description

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

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

There are four work packages:

1. Social Acceptance – Communicating 
the benefits of offshore wind energy to 
the public

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

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

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

Approach / Activities

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

German partners:

· Bremerhavener Gesellschaft für Inves-
titionsförderung und Stadtentwicklung 
mbH

· Senator für Umwelt, Bau, Verkehr und 
Europa des Landes Bremen

· Hochschule Bremerhaven/fk-wind
· Gewerbliche Lehranstalten Bremer-

haven
· Carl von Ossietzky Universität 
 Oldenburg
· Stiftung Offshore-Windenergie, Varel
· Landesregierung Schleswig-Holstein, 

Ministerium für Wissenschaft, Wirt-
schaft und Verkehr, Kiel

· Wirtschaftsakademie 
 Schleswig-Holstein, Husum

International partners:

· Suffolk County Council, Ipswich (UK)
· East of England Energy Group, Great 

Yarmouth (UK)
· Northumberland College, Ashington 

(UK)
· South Denmark European Office, 
 Esbjerg (DK)
· Offshore Center Denmark, Esbjerg 

(DK)
· Aalborg University, Aalborg (DK)
· TU Delft, Faculty LR, Section Wind 

Energy, Delft (NL)
·  Greater Stavanger, Economic Develop-

ment, Stavanger (NO)
·  Chalmers University of Technology, 

Göteborg (SE)
· Municipality of Öckerö, Öckerö (SE)

 

Link

www.power-cluster.net

Competence Center
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3.3 Continuing Studies 
Program Wind Energy 
Technology and 
Management

ForWind Competence Center
Moses Kärn, Christoph Schwarzer
Partners: Windenergie-Agentur 
Bremerhaven/Bremen e.V. (WAB), 
The City of Oldenburg’s Business Support 
Program

Description

The development of the Continuing Stud-
ies in Wind Energy Technology and Man-
agement program is a co-operative project 
between ForWind and WAB as well as 
the City of Oldenburg. Numerous part-
ners from research, education, industry, 
and businesses in the field of wind energy 
supported the realization of this part-time 
study program as continuing academic 
education for professionals.

From the beginning in August 2006, the 
Wind Energy Technology and Management 
program had a great demand and courses 
were fully booked with 24 students. The 
program’s first class successfully gradu-
ated in June 2007. Now the fourth class 
starts in September 2009 and requests for 
information already suggest that there will 
be more applications than student places.

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

Approach / Activities

The Wind Energy Technology and Man-
agement program is a unique and innova-
tive program in Germany. The realization 
of wind energy projects requires that ex-
perts from a variety of different disciplines 
work closely together. As a result prob-
lems do occur in day-to-day work situa-
tions specifically because the experts are 
from different disciplines and branches 

of industry and yet have to communicate 
with each other. This innovative program 
of study is one that addresses exactly 
such challenges, and furthermore fosters a 
“know-how-transfer” from acknowledged 
experts in the field and from universities 
thus, providing current and expert knowl-
edge. 

The program is directed equally to re-
cent graduates, specialists and executive 
staff in the wind energy sector, as well as 
those who wish to enter this field. It offers 
comprehensive systematic understanding 
of wind energy projects from scientific 
grounds to technical, legal and economic 
realization, as well as skills in planning 
and project management.

The program is especially designed to fit 
the requirements of professionals. It com-
prises self organized studying of reading 
materials, a two-day seminar once every 
month and ongoing project work in teams. 
For the duration of the program an eight-
person team will work on a complex wind 
energy project. During this process, ques-
tions will arise relevant to all areas of the 

curriculum and the students will collec-
tively resolve these issues and the project’s 
tasks. The total duration of the program is 
eleven months. It is intended to be short 
but intensive. A certificate will be issued 
by the University of Oldenburg upon suc-
cessfully passing of the examinations. The 
administrators of the Continuing Studies 
Program in Wind Energy Technology and 
Management will ensure the existence of 
an active network of alumni in order for 
the students to continue to stay in touch 
with each other, to assist them in the ex-
change of professional information, and to 
support further continuing education pos-
sibilities. The second alumni event took 
place in January 16, 2009 and activities 
will be continued.

ForWind together with WAB organized 
workshops which inform about qualifica-
tion needs and possibilities in the wind 
energy sector. These workshops were pre-
sented by the Jobmesse Erneuerbare Ener-
gien at Gelsenkirchen and the windcareer 
at the international trade fair Husum Wind-
Energy 2008. 
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Results

With three fully booked course cycles and 
a rising demand for the fourth class the 
program has reached a strong position in 
the market. Feedback from participants 
and external experts is highly positive. 

The program won 2nd place in the Nord-
West Award 2007. With this prize the 
Bremer Landesbank honors projects that 
are seen to be positively influencing the 
identity of the Northwest region. The jury 

is assembled with influential persons of 
politics, economy, and culture, the presi-
dency changing between the premiers 
of the states of Lower Saxony, Christian 
Wulff, and the Free State of Bremen, Jens 
Börnsen. 

Through its innovative concept and inte-
gration of numerous well-known experts 
from the field the program sets new stan-
dards in continuing education, establish-
ing continuing education for experts on an 
academic level in the region. 

Also, it was honored that the program was 
realized by a cooperation of public and pri-
vate partners: WAB, the Forschungs- und 
Koordinierungsstelle Windenergie at the 
Hochschule Bremerhaven (fk-wind), Stif-
tungslehrstuhl Windenergie at the Univer-
sity of Stuttgart (SWE), and the Overspeed 
GmbH & Co. KG.

Next Steps

Start of the fourth class: September 2009 
(application deadline June 1st, 2009)

Further information, its contents and 
partners are provided at:

www.windstudium.de

Competence Center
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3.4 Events Hosted by 
ForWind 

ForWind offers a diverse program of 
events on topics pertaining to all aspects 
of wind energy. 

In seminars and workshops, ForWind 
tackles current research questions from the 
wind energy sector. A series of lectures ac-
companies the semester with national and 
international speakers, informing a broad-
based public about current developments in 
the area of wind energy. Conventions and 
symposiums are organized by ForWind of 
its own accord and as a commissioned or-
ganizer. ForWind has been commissioned 
by, among others, the Federal Ministry of 
the Environment, Nature Conservation 
and Nuclear Safety (BMU), the Ministry 
for Science and Culture of Lower Saxony, 

European Regions as well as the city of 
Oldenburg. 

In 2008 ForWind has hosted various 
events; examples are described below.  

3.4.1 ForWind Course of Lectures 
 
Summer Term 2008 and Winter Term
2008/2009
ForWind Competence Center,
Elke Seidel

Since summer term 2006 ForWind orga-
nizes a unique public course of lectures 
concerning different, predominantly tech-
nical aspects in the field of energy – main-
ly focused on wind energy.

This course of lectures is supposed to sup-
port the exchange of information. Meant 
as an interlink between research institu-

tions and the industry, it offers students, 
employees of the University of Oldenburg, 
colleagues of other institutes or business 
companies as well as interested private 
persons to inform themselves about vari-
ous subjects and discuss them with invited 
national and international experts. 

To support networking activities ForWind 
offers a get-together after each talk with 
cold drinks and snacks. The number of 
participants in general is growing, as is the 
number of sponsors - indicating the inter-
est of the industry. 

Another service offered by ForWind is the 
possibility to download further Informa-
tion and the slides of each talk, if made 
available by the speakers. Flyer and poster 
promote ForWind and each current course 
of lectures and are already requested in a 
remarkable number by sponsors, minis-
tries and other interested institutions.



70

ForWind Course of Lectures

Lectures Summer Term 2008 

Herausforderung Offshore-Windpark 
Jens Gößwein, 
Geschäftsbereich Offshore, 
REpower Systems AG 

Zukunft der erneuerbaren Energien – 
Zukunft Deutschland 
Dietmar Schütz, 
Bundesverband Erneuerbare Energie e.V. 

Elektromobilität aus Sicht eines 
Energieversorgers
Dr. Jörg Hermsmeier, 
EWE AG 

Mit Umsicht für Natur und Umwelt –
ökologische Begleitforschung im 
Offshore-Windpark alpha ventus 
Christian Dahlke / Kristin Finger, 
Bundesamt für Seeschifffahrt und 
Hydrographie (BSH) 

Competence Center
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Lectures Winter Term 2008/2009

Die Strategien der Bundesregierung 
für den Ausbau der Offshore – 
Windenergie im Lichte der 
Raumordnungsplanung für die AWZ 
Jörg Kuhbier, 
Stiftung OFFSHORE-WINDENERGIE

Steuerung von Offshore-Windparks – 
das integrierte Leitsystem für 
alpha ventus 
Dr. Till Luhmann, 
BTC AG

Perspektive Windkraft – 
wo geht es hin? 
Heiko Roß,
Bard Engineering GmbH

Nordsee-Ost: ein Offshore-Projekt in 
Umsetzung 
Dr. Agnieszka Cieplinska, 
Essent Wind Deutschland GmbH

Herausforderungen der Zertifizierung 
von Windenergieanlagen
Christian Nath, 
Germanischer Lloyd AG

Die Rolle eines Energieversorgers 
im Wandel der Energieerzeugung – 
Norddeutschland und die Windkraft 
Dr. Werner Brinker, 
EWE AG

Netzintegration von 
Windenergieanlagen 
Prof. Dr. Detlef Schulz, 
Helmut-Schmidt-Universität, Hamburg

Klimaänderungen – Ursachen, 
Wirkungen, Maßnahmen 
Prof. Dr. Hartmut Graßl, 
Max-Planck-Institut für Meteorologie

The Course of Lectures was sponsored by 
the following companies: 
Bremer Landesbank, 
BTC Business Technology Consult AG, 
Essent Wind Deutschland GmbH, 
EWE AG, 
Germanischer Lloyd AG, 
Marsh GmbH, 
Stiftung Offshore-Windenergie,
Vattenfall Europe New Energy GmbH



72

3.4.2  RAVE – Research At 
 Alpha Ventus 

Official Kick-off Meeting at the Repre-
sentation of Lower Saxony at the Federal 
Government in Berlin, May 8th 2008
ForWind Competence Center,
Elke Seidel

On May 8th 2008 ForWind organized the 
Kick-off meeting for RAVE (Research at 
alpha ventus). The offshore strategy of the 
federal government is set towards the goal 
of erecting offshore wind parks with an in-
stalled power totalling 20 to 25 gigawatts by 
the year 2030. This corresponds to a share of 
approx. 15% of the power consumption in 
Germany.

The starting signal for this development was 
set off by the offshore testing range “alpha 
ventus” which is operated by the large en-
ergy providers E.ON, EWE and Vattenfall. 
With this in mind, they founded the Deutsche 
Offshore-Testfeld- und Infrastruktur-GmbH 
& Co. KG (DOTI) which set itself the goal 
of constructing the first wind turbines on 
the sea. Alpha ventus is to serve as an initial 
spark for the utilization of wind energy in the 
German North and Baltic Sea.

In order for the German wind energy indus-
try to benefit most from this testing range, the 
Federal Ministry for Environment, Nature 
Conservation and Nuclear Safety (or BMU 
with initials from German name) has started 
a comprehensive research initiative which 
accompanies the construction and operation 
in the areas involved. These research activi-
ties promoted by the BMU are known under 
the acronym “RAVE – Research at alpha 
ventus”. The testing region is equipped with 
comprehensive measuring technology in 
order to be able to provide detailed data to 
all the projects taking part. In 2008, RAVE’s 
opening event took place at the Representa-
tion of Lower Saxony at the Federal Govern-
ment in Berlin. There, research associations 
promoted by BMU participating in the test-
ing region along with numerous individual 
offshore research activities and the current 
state of construction measures were pre-
sented to the general public.

Competence Center
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Kick-off Meeting RAVE – Program

Eröffnung und Überblick

Begrüßung
Heiko Gevers, Niedersächsisches Ministerium für 
Wissenschaft und Kultur
Prof. Dr.-Ing. Jürgen Schmid,  ISET e.V.

Eröffnungsvortrag:
Offshore-Windenergie – ein zentraler Baustein für 
das 20%-Ziel für erneuerbare Energien
Michael Müller, Parlamentarischer Staatssekretär im 
Bundesumweltministerium für Umwelt, Naturschutz 
und Reaktorsicherheit

Das Testfeld alpha ventus und der Stand der 
Realisierung
Wilfried Hube, DOTI GmbH & Co. KG

Offshore: Die M5000 geht an den Start
Ingo de Buhr, Multibrid GmbH

REpower 5M – Testfeld, Markteinführung und 
Serienfertigung
Dr. Martin Skiba, REpower Systems AG

RAVE – die Forschungsinitiative zum Testfeld 
alpha ventus
Dr. Bernhard Lange, ISET e.V

Moderation: Prof. Dr.-Ing. Raimund Rolfes
ForWind, Leibniz Universität Hannover

RAVE – Forschungsschwerpunkte

Offshore-Windbedingungen: Der „Rohstoff” für alpha 
ventus
Prof. Dr. Joachim Peinke, ForWind, Universität Oldenburg

Offshore-Windenergieanlagen: Was sie aushalten, 
was sie leisten
Prof. Dr.-Ing. Martin Kühn, 
Stiftungslehrstuhl Windenergie, Universität Stuttgart

Tragstrukturen: Fest verankert, langlebig und 
zugleich wirtschaftlich
Prof. Dr.-Ing. Raimund Rolfes, 
Prof. Dr.-Ing. Peter Schaumann, 
ForWind, Leibniz Universität Hannover

Wieviel Wind verträgt das Netz – 
Herausforderungen der Netzintegration
Dr. Kurt Rohrig, ISET e.V.

Mit Umsicht für Natur und Umwelt – 
Ökologische Begleitforschung im Testfeld
Christian Dahlke, Bundesamt für Seeschifffahrt und 
Hydrographie

Moderation: Prof. Dr.-Ing. Peter Schaumann
ForWind, Leibniz Universität Hannover

Podiumsdiskussion zu OWMEP und 
Technologieentwicklung bis 2020

Impulsvortrag: 
Offshore – Internationale Entwicklungstendenzen
Jens Peter Molly, DEWI GmbH

Impulsvortrag: 
OWMEP – das wissenschaftliche 
Mess- und Evaluierungsprogramm – Offshore
Prof. Dr.-Ing. Jürgen Schmid, ISET e.V.

Podiumsdiskussion: 
Offshore-Windenergie – 
Bedeutung eines OWMEP für die Technologie-
entwicklung bis 2020
Jens Peter Molly, DEWI GmbH 
Prof. Dr.-Ing. Jürgen Schmid, ISET e.V.
Wilfried Hube, DOTI GmbH & Co. KG 
Achim Berge, wpd offshore GmbH
Thorsten Herdan, Verband Deutscher Maschinen- 
und Anlagenbau e. V. 
Jörg Kuhbier, Stiftung Offshore-Windenergie

Moderation: Joachim Nick-Leptin, 
Bundesumweltministerium für Umwelt, Naturschutz 
und Reaktorsicherheit
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3.4.3 Wakes Measurements 
and Modeling within and 
Downwind of Wind farms: 
Current Features and 

 Future Trends 

Workshop, 30 June-2 July 2008, 
Oldenburg
ForWind Competence Center,
Abha Sood

During a scientific workshop, organized by 
ForWind in Oldenburg, more than 30 ex-
perts from industry and research discussed 
about “Wakes Measurements and Model-
ing within and downwind of wind farms”. 
The topic included were in-situ and remote 
sensing measurements techniques, wake 
modeling approaches and some case stud-
ies followed by a strategic discussion on 
benchmarking and best practice guideline 
for wake modeling. An excursion  to dem-
onstrate the feasibility of measuring wake 
turbulence with a Meteorological Micro 
Aerial Vehicle (MMAV) in a wind park 
was undertaken.

3.4.4 Science Meets Practice – 
 Innovations for
 Wind Energy

Conference at HUSUM WindEnergy, 
11 September 2008
ForWind Competence Center,
Ann-Kathrin Meyer

The „Husum WindEnergy“ is he most 
important fair for the wind energy sector.  
Leaders and specialists of the branch come 
there together. Under the motto “Science 
Meets Practice“, ForWind invites inter-
ested persons from industry, economics 
and research to the congress center for a 
one-day conference. Co-operation partner 
was GE Energy.

The idea: For persistent economic prosper-
ity, the exchange between science and prac-
tice is fundamental. Basic research opens 
the industry new options for action, the con-
tact with companies’ shows scientists where 
demand is and what succeeds in practice.  
The concept: Selected pairs of speak-
ers each introduced a topic worked on 

together from a scientific and practical 
point of view and discussed this with the 
plenary assembly. In six sessions, experts 
from research and industry refered about 
their topics from two perspectives. More 
than registered participants listened to the 
lectures and gave positive feedback to the 
program. 

Competence Center
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Science Meets Practice – 
Innovations for Wind Energy 

Welcoming Speech
Prof. Dr. Joachim Peinke, ForWind, Oldenburg

Offshore Wind Energy: Research, Monitoring and Evaluation
–  Selected Results of the We@Sea Offshore Wind Energy 

Research Program
  Ir. Jos Beurskens, 
  Energy research Centre of the Netherlands (ECN), Petten

– 108 MW Offshore Wind Farm Egmond aan Zee: 
  Monitoring and Evaluation Program

Henk Kouwenhoven, Nuon Energy Sourcing, Amsterdam

Wind Flow Modeling and its Impact on Turbines
–  Wind Flow Modeling: The Basis for Resource Assessment 

and Wind Power Forecasting
 Dr. Detlev Heinemann, ForWind, Oldenburg
–  Wind Turbine Loads – An Application for Atmospheric 
 Flow Modeling
 Dipl.-Inf. Carsten Albrecht, AL-PRO GmbH & Co. KG, 
 Großheide

Measure Yaw Misalignment: New Methods and Models 
– The Influence of Yawing Error on Performance of Wind 

Turbines
 Prof. Dr. Alois Schaffarczyk, CEwind, Fachhochschule Kiel
– Precise Wind Measurement on Wind Turbines – Pressure 
 and Direction Measurement in front of the Wind Turbine
 Dipl.-Ing. Klaus Ritzinger, IXIST Messtechnik GmbH, Rosenheim

Rotor Blades: Challenges for Research and Manufacturing
– Requirements for Today's Rotor Blades
 Prof. Henry Seifert, fk wind, Hochschule Bremerhaven
– Manufacturing of Rotor Blades: New Techniques and 
 Material Systems
 Dr. Christoph Wolters, GE Wind Energy GmbH, Salzbergen

Transverse Flux Generators – New Developments for Wind 
Energy
– Transverse Flux Generators – Principle and Operation 
 Behavior
 Prof. Dr.-Ing. Bernd Orlik, Universität Bremen
– Transverse Flux Generators – High Torque, Light Weight
 Dr. Norbert Götschmann, Lloyd Dynamowerke GmbH & Co. KG, 

Bremen

Drive Train: Simulation Tools and Product Development
– Sophisticated Simulation Tools for the Investigation of 

Roller Bearings to Improve the Reliability of Wind Turbine 
Gears 

 Prof. Dr.-Ing. Bernd Sauer, Technische Universität 
 Kaiserslautern
– Modern Product Development of Wind Turbine Drive Train 
 Dr. Ralf Hambrecht, REpower Systems AG, Rendsburg

Summary
Prof. Dr.-Ing. Peter Schaumann, ForWind, Hanover
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Numerical Investigations of the Effect 
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�2th International Conference of Interna-
tional Association for Computer Methods 
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Time Series Based Wind Power Fore-
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Conference (DEWEK). 26-27, Bremen, 
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Gottschall, J.; Peinke, J.: 
Power Curves for Wind Turbines –
a Dynamical Approach, 
Oral presentation and paper at European 
Wind Energy Conference (EWEC). 
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Grünberg, J.; Lohaus, L.; Wefer, M.; 
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Multi-Axial and Fatigue Behaviour 
of Ultra-High-Performance Concrete 
(UHPC), 
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Influence of Material Strengths on 
Bearing Behaviour of Grouted Joint 
Connections Under High Frequent 
Amplitude Loading, 
Proceedings of the DEWEK. Bremen, 
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Sood, A.; Schmidt, M.; Heinemann, D.; 
Sušelj, K.: 
Improving Coastal Wind Resources 
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Sušelj, K.; Sood, A.: 
Adjusting Mellor-Yamada-Janjic 
Boundary Layer Parametrization for 
Offshore Surface Conditions, 
Poster at European Geosciences Union 
General Assembly (EGU), Vienna, Austria, 
Geophysical Research Abstracts, Vol. 10, 
EGU2008-A-03808, SRef-ID: 1607-7962/
gra/EGU2008-A-03808, 13-18. Apr. 2008.

Sušelj, K.; Sood, A.: 
Improving Mellor-Yamada-Janic 
Boundary Layer Parameterization, 
Case Of Marine Atmospheric Boundary 
Layer, 
18th Symposium on Boundary Layer and 
Turbulence, AMS, Stockholm, Sweden, 
9th to 13th June 2008

Sušelj, K.; Sood, A.; Heinemann, D.: 
North Sea Surface Winds in the Past 
and Future Climates, 
Poster at European Geosciences Union 
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Tambke, J.; Jiang, J.; Saleck, N.; Bertsch, 
F.; Wolff, M.; Lange, M.: 
Current Developments in Wind Power 
Forecasting, 
Oral presentation at German Wind Energy 
Conference (DEWEK). 26-27 Nov. 2008, 
Bremen, Germany 

Tambke, J.; Rohrig, K.; Lange, B.: 
Offshore Wind Energy Use in Germany 
- A Challenge for Research, 
Construction and Utilisation, 
Poster and paper at European Wind 
Energy Conference (EWEC). Brussels, 
Belgium, 30 Mar.-3 Apr. 2008
Tambke, J.; Saleck, N.; Wolff, M.; Bertsch, F.; 
von Bremen, L.: 
Weather Regime Clustering for Short-
Term (4 Hours) Wind Power Forecasts, 
Paper at German Wind Energy Con-
ference (DEWEK). Bremen, Germany, 
26-27 Nov. 2008

von Bremen, L.; Petroliagis, T. I.; 
Hagedorn, R.: 
Ensemble Predictions of the European 
Weather Centre for Probabilistic Wind 
Power Forecasts, 
Poster at European Wind Energy Con-
ference (EWEC). Brussels, Belgium, 30 
Mar.-3 Apr. 2008

Wächter, M.; Rettenmeier, A.; Kühn, M.; 
Peinke, J.: 
Wind Velocity Measurements Using a 
Pulsed LIDAR System: First Results, 
IOP Conf. Ser.: Earth Environ. Sci. 1, 
012066 (2008)

Wessel, A.; Jiang, J.; Conz, A.; 
Dobschinski, J.; et al.: 
Improving Short-term Forecast by 
using Statistically-corrected Wind 
Fields and Classification of Weather 
Situation,
Oral presentation at German Wind Energy 
Conference (DEWEK). Bremen, Germany, 
26-27 Nov. 2008 

�.�.� Other Publications

Elmer, K.-H.: 
Messung, Ausbreitung und Minderung 
von Hydroschall beim Bau von OWEA, 
Messen in der Geotechnik 2008, Mit-
teilung des Instituts für Grundbau und 
Bodenmechanik, TU Braunschweig, Heft 
Nr. 87, J. Stahlmann (Hrsg), Braunschweig 
(2008)

Henning Kruse, Joachim Peinke, 
Jens Tambke et al. (200 other authors): 
Strategic Research Agenda - Market 
Deployment Strategy - from 2008 to 
2030, 
52 pages, European Wind Energy Tech-
nology Platform (TPWind), Brüssel, July 
2008

Schaumann, P.; Keindorf, C.: 
Sandwich-Towers for Wind Energy 
Converters, 
DEWI-Magazin, No. 33, p. 65-76 (2008)

4.1.4 Lectures at Universities

Rolfes, R.:
Faserverbund-Leichtbaustrukturen 
(lecture), Leibniz Universität Hannover, 
Institute for Structural Analysis, Winter-
Semester 2008/09

Schaumann, P. et al.: 
Support Structures of Wind Energy 
Converters II, 
Course G41, Postgraduate Studies Civil 
Engineering, Construction Engineering, 
Leibniz Universität Hannover, 
Winter-Semester 2007/08

Schaumann, P.: 
Stability Problems (lecture), Leibniz 
Universität Hannover, Institute for Steel 
Construction, Summer Semester (2008)

Schaumann, P.: 
Tower and Foundation, 
Lecturer notes of the postgraduate 
studies Wind Energy - Technology and 
Management, ForWind - Center for Wind  
Energy Research of the Universities of 
Oldenburg and Hannover (2008)

Tambke, J.; 
Wind Energy Meteorology - Resource 
Assessment and Forecasting 
(8 hours lecture), 
Bremerhaven International Summer 
School, Wind Energy Course, 
Bremerhaven, Germany, August 2008

4.1.5 Project Reports

Jiang, J.: 
Final Report for Deutscher Windmoni-
tor TP2.2-Characteriztion and Predic-
tion of the Wind Field.

Petroliagis, T. I.; Ploski, J.: 
Final Report for WISENT Project. 
Mesoskalige Modellierung 
(Arbeitspaket 5.2)

Saleck, N.; Betcke, J.: 
Final Report for DEMS Project. 
Windleistungsvorhersage und 
Lastvorhersage.
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4.2 Diploma, Master and 
Bachelor Theses

Adhikari, S.: 
Modellierung des Tragverhaltens von 
Offshore-Tripod-Gründungen 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Apolo Maza, J.: 
Untersuchungen zum Kerbdehnungs-
konzept für Schrauben mit großem 
Durchmesser
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Bimala, A.: 
Numerische Untersuchungen zum Trag-
verhalten vertikal zyklisch Zugpfählen 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Castro, F.: 
Entwurf und Bemessung von Offshore-  
Gründungen unter besonderer Be-
rücksichtigung zyklischer Belastungen 
Diploma Thesis,
Leibniz Universität Hannover (2008)

Ding, S.: 
Untersuchung einer Übergangskons-
truktion für eine Windenergieanlage 
in Hybridbauweise
Diploma Thesis, 
Leibniz Universität Hannover (2008) 

Dubois, J.: 
Untersuchung zur lokalen Dynamik 
an stählernen Tragstrukturen für 
Offshore-Windenergieanlagen 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Engelke, N.: 
Zur Stabilität hybrider Verbindungen 
in Gründungsstrukturen von 
Offshore-Windenergieanlagen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Forgoso, P.: 
3-D numerische Modellierung von 
Pfählen unter horizontaler Belastung 
mit verschiedenen Einwirkungs-
richtungen 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Gerdener, A.: 
Statische und dynamische Bemessung 
eines Jackets für eine Offshore-Wind-
energieanlage der 5-MW-Klasse im 
Testfeld alpha ventus
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Gottschalk, M.: 
Einfluss der Rissbildung spröder 
Groutmaterialien auf die Tragfähigkeit 
biegebeanspruchter Grouted-Joint-
Verbindungen für Offshore-Windener-
gieanlagen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Heißelmann, H.: 
Optimierung des Kugelanemometers 
für die Messung zweidimensionaler 
Strömungen
Diploma Thesis, 
Carl von Ossietzky Universität Oldenburg, 
(2008)

Heuer, B.: 
3-D numerische Modellierung von 
Pfählen unter horizontaler Belastung 
mit verschiedenen Einwirkungsrich-
tungen Diploma Thesis, 
Leibniz Universität Hannover (2008)

Heuer, B.: 
Numerische Modellierung der Herstel-
lung vertikal belasteter Pfähle
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Hölzer, M.: 
Stochastische Beschreibung des 
Schalenkreuzanemometers 
Diploma Thesis, 
Carl von Ossietzky Universität Oldenburg, 
(2008) 

Janke, S.: 
Numerische Berechnung des 
Tragverhaltens von Offshore-Tripod-
Gründungen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Klaiber, T.: 
Numerische Simulation der Gefügeki-
netik und des Eigenspannungsfeldes 
bei MAG-Schweißungen mit normal- 
und höherfesten Stählen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Knorr, H.: 
Tragverhalten und Bemessung vertikal 
zyklisch belasteter Pfähle
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Krebs, M.: 
Numerische Berechnung von zyklisch 
belasteten Fundamenten unter Berück-
sichtigung des Porenwasserdrucks
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Lübbehüsen, A.M.: 
Untersuchungen zum gekoppelten 
Anlagenverhalten von OWEA
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Meessen, M.: 
Aufbau eines Particle Image Veloci-
metry-Systems unter Verwendung 
einer Hochgeschwindigkeitskamera
Diploma Thesis, 
Carl von Ossietzky Universität Oldenburg 
(2008) 

Mohamed, D.: 
Entwurf und Bemessung von 
Gründungen von Offshore-Windparks 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Ribeiro F.P.: 
Berechnung des Tragverhaltens von 
Gründungen für Onshore Wind-
energieanlagen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Shaheen, F.: 
Tragverhalten vertikal zyklisch 
belasteter Pfähle
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Von Oesen, C.: 
Untersuchung einer Grouted-Joint-
Verbindung für Offshore-Windenergie-
anlagen mit massiver Schwergewichts-
gründung
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Weicken, H.: 
Mineralischer Korrosionsschutz für 
Offshore-Windenergieanlagen 
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Xiao, Y.: 
Entwurf und Bemessung von 
Offshore-Gründungen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Yang, W.: 
Vereinfachte Ermittlung von dimensio-
nierenden Schnittgrößen für Tragstruk-
turen für Offshore-Windenergiean-
lagen
Diploma Thesis, 
Leibniz Universität Hannover (2008)

Zachee, M.: 
Numerische Untersuchungen von 
vertikalen Pfählen unter kombinierter 
Belastung
Diploma Thesis, 
Leibniz Universität Hannover (2008)
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4.3 PhD Theses

Göthel, O.: 
Numerical Modelling of Flow and Wave 
Induced Scour around Vertical Circular 
Piles
PhD Thesis, 
Leibniz Universität Hannover (2008)

Hölling, M.: 
Sensorentwicklung für Turbulenzmes-
sungen
PhD Thesis, 
Carl von Ossietzky Universität Oldenburg
(2008) 

Schimmels, S.: 
Numerical Simulation of the Influence 
of Circular Cylinders on Mixing and En-
trainment in Natural Density Currents
PhD Thesis, 
Leibniz Universität Hannover (2008)

Wessel, A.: 
Entwicklung eines physikalischen 
Modells der Windpark generierten 
Turbulenz
PhD Thesis, 
Carl von Ossietzky Universität Oldenburg 
(2008)
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Jiang, Jinhua, Dr. 
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Coordination Professional Training 
and Further Education 
ForWind Competence Center 
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