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PREFACE

The massive expansion of wind energy involves an increasing demand for competent research. This is the main driver
of the recent research laboratories, which are currently under construction. These are e.g. the Test Center for Support
Structures at Hannover or the Research Laboratory for Turbulences and Wind Energy Systems in Oldenburg. With
some thousand square meters of office space and laboratories, they will form new centers with high international
visibility. Furthermore, they will help ForWind in bringing excellent minds from EuropE and all over the world even
closer together in many fields that are related to the highly multidisciplinary field of wind energy.
In fall 2012 two important ForWind events took place. The wind energy conference “Torque 2012 - The Science of
Making Torque from Wind” was organized by ForWind in Oldenburg on Behalf of the European Academy of Wind
Energy (EAWE). With more than 300 leading experts from academia and industry EAWE‘s conference 2012 has been
the biggest so far. On November 29th the foundation stone ceremony for the Test Center in Hannover took place in
presence of the Prime Minister of Lower Saxony Dr. h.c. David McAllister.
We are very grateful to the State of Lower Saxony for its continued support. This forms the basis from which we
develop new research aspects leading to further applied projects and developments with our partners from industry.
The successive developments of joint research projects with industrial partners are mainly financed by the Federal
Environment Ministry (BMU) or directly through industrial cooperations as has been documented in this report.
We would like to thank all ForWind personnel for their commitment to the center and their outstanding contributions
to its success, our business and research partners for many fruitful collaborations, and the members of ForWind‘s
advisory board for their stimulating work.

Prof. Dr.-Ing. habil. Raimund Rolfes
Academic Speaker

Prof. Dr. Martin Kühn
Deputy Speaker
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GREETING

It is very encouraging to observe ForWind’s continued development and growth. Since its establishment in 2003 it
has enhanced its profile and output rapidly and has become one of the leading research institutions of the wind energy technology sector, both on a national and international level. Over the years ForWind has developed a keen and
critical eye for the specific needs of the European wind energy industry. Looking back at the highly successful year
2012, ForWind again confirmed its reputation as a busy, creative and vital research center.
ForWind strengthened its position as an excellent research institute for wind energy as an increasingly more important link of German and worldwide networks. Prof. Dr. Joachim Peinke, founding member and Board Member
of ForWind, was elected as the chairman of the European Academy of Wind Energy (EAWE) in Zurich. As EAWE was
established to secure high quality research as an important tool for the further development of wind energy technology and its implementation, this marks another important step forward for ForWind in its effort to extend its
research networks. Furthermore, EAWE coordinates high quality scientific research and educational activities on a
European level.
The expected rapid development of offshore wind energy in the next decades is not only a big challenge for the
research and development community but also for our education system. The supply of sufficient skilled experts is
considered crucial in order to meet the ambitious national and European offshore goals. ForWind realised its commitment to education and in October 2012, the Continuing Studies Programme “Offshore Wind Energy” successfully
took off with 24 participants from several nations. This part-time study programme is geared towards the needs of
engineers and managers engaged in the offshore wind industry as well as in other maritime industries. Its objective
is to give insight into the technical and engineering aspects of offshore wind energy projects, and to teach management principles for these projects, their risks and interfaces. Hence, ForWind as “supplier” of highly qualified
personnel is on a right track to fill the pressing lack of experienced experts, engineers and managers with specific
knowledge of offshore wind energy technology and management.
The present annual report 2012 is an outstanding illustration of how ForWind brings results from the scientific world
of the Universities of Oldenburg, Hannover, and Bremen to the market. The scope of research results is very wide
as it covers a wide range of wind energy competences including electricity transport and grid integration, wind
resource assessment, operation of offshore wind farms, the design and testing of rotors, transmissions, generators,
power electronics and support structures, and last but not least environmental impacts. This is an excellent starting
position to maintain ForWind’s frontier role in new wind energy research frameworks which are being developed on
the international stage.

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

4

CONTENT
The Organization
•
•
•
•

Executive Board ___________________________________________________________________________________
6
Advisory Board ____________________________________________________________________________________
6
Research Institutes ____________________________________________________________________________________
7
Associated Members of ForWind _____________________________________________________________________
7

Projects
WIND AS A RESOURCE
• GW Wakes – Analysis of the Shadowing Effects and Wake Turbulence Characteristics of
		 Large Offshore Wind Farms by Comparison of »alpha ventus« and »BARD Offshore 1« _________________________
8
• Parallel Computing Cluster for CFD and Wind Turbine Modeling ____________________________________________
10
• RESTORE 2050 – Regenerative Power Supply & Storage Demand in 2050 _____________________________________
13
• Long-term Climatological Calibration of Meso-Scale Wind Speeds ___________________________________________
14
• Turbulent Inflow Facilities _____________________________________________________________________________
16
• Optical Investigation of Flows ______________________________________________________________________
18
• Traceable Acquisition of Meteorological Data __________________________________________________________
20
SUPPORT STRUCTURES
• Probabilistic Safety Assessment of Offshore Wind Turbines ___________________________________________22
• RAVE: GIGAWIND alpha ventus – Holistic Design Concept for Offshore Wind Energy Turbine
		 Support Structures on the Base of Measurements at the Offshore Test Site alpha ventus _________________________
24 • • •
• WindBucket – Investigations Regarding the Application of Bucket Foundations for Offshore Wind Farms ___________
30
• GROWup – Grouted Joints for Offshore WindEnergy Converters under Reversal Axial Loadings
		 and Upscaled Thicknesses _______________________________________________________________________32
• Predicting Underwater Noise due to Offshore Pile Driving (“BORA”) ________________________________________
34
• HyproWind: Realistic Underwater Sound Scenarios Based on Forecast Modelling and Monitoring
		 Regarding Piling Noise During Wind Farm Construction in the German North Sea ___________________________
36
• MaRINET – Marine Renewables Infrastructure Network for Emerging Energy Technologies __________________38
WIND POWER SYSTEMS
• RAVE: LIDAR II Development of Nacelle-Based Lidar Technology for Performance Measurement and
		 Control of Wind Energy Converters ________________________________________________________________
40
• IEA Wind Annex 32 Lidar: Wind Lidar Systems for Wind Energy Deployment _____________________________ 42
• WindScanner.eu – The European WindScanner Facility, Preparatory Phase _________________________________
44
• BladeMaker _______________________________________________________________________________________
46
• mapretec ________________________________________________________________________________________
47
• Optical Free Field Measurements of Rotor Blade Deformations ________________________________________ 48
• Early Damage and Ice Detection for Rotor Blades of Offshore Wind Turbines ______________________________
50
• Measuring Method for the Aeroacoustic Optimization of Wind Turbine Airfoils ____________________________52
• Laboratory for Inside-Sensoring _________________________________________________________________ 54
• Non-Destructive and Reliable Real-Time Detection of Thermal Damages in Grinding Processes ____________ 56
• Enhancing the Availability and Quality Optimization of Drive Train Components and Gears
		 in Wind Energy Systems _______________________________________________________________________ 58
• Spare Parts Planning for Wind Energy Systems ___________________________________________________________
60

5

Annual Report 2012

•
•
•
•
		
•

Robotic Offshore Service System __________________________________________________________________
62
RAVE: OWEA "Verification of Offshore Wind Turbines"________________________________________________
64
InnWind.eu: Innovative Wind Conversion Systems (10-20MW) for Offshore Applications __________________68
Baltic I: Control of Offshore Wind Farms by Local Wind Power Prediction as well as by Power and
Load Monitoring ________________________________________________________________________________
70
Stochastic Processes ______________________________________________________________________________
72

WIND ENERGY INTEGRATION
• SafeWind – Multi-Scale Data Assimilation, Advanced Wind Modelling and Forecasting
with Emphasis to Extreme Weather Situations for a Safe Large-Scale Wind Power Integration ____________________
74
• ClusterDesign – A Toolbox for Offshore Wind Farm Cluster Design _______________________________________
76
• EERA-DTOC European Energy Research Alliance – Design Tools for Offshore Wind Farm Cluster _____________
78
• An Adaptive, Nature-Inspired Approach for the Compensation of Residual Load ________________________80
• Control of Doubly Fed Induction Generators under Unbalanced Grid Conditions _________________________82
• Hybrid HVDC System for Grid Connection of Offshore Wind Farms ______________________________________
84
• Transfer the Behaviour of a Steam Power Plant to a Wind Power Station _____________________________ 86
• SOOP – Safe Offshore Operations______________________________________________________________ 88
_________
_________________________________________________

Qualification
•
•
•
•
•
•

EWEM: MSc Program European Wind Energy Master – Erasmus Mundus_______________________________ 90
92
Continuing Studies Program Wind Energy Technology and Management __________________________________
94
Continuing Studies Program Offshore Wind Energy ___________________________________________________
96
ForWind-Academy: Partner for Qualification in the Wind Energy Sector _______________________________________
98
Job and Education Fair “zukunftsenergien nordwest 2012”_______________________________________________
100
MINT-Online: Certificate Program in Advanced Wind Energy __________________________________________

ForWind – Events
•
•
•
•
•
•
•
•
•
•
•

102
Hannover Messe 2012, April 23rd-27th ______________________________________________________________
104
HUSUM WindEnergy 2012, September 18th-22nd ______________________________________________________
106
Research Alliance for Wind Energy at WindForce 2012, June 26th-29th _________________________________
107
DEWEK 2012 – 11th German Wind Energy Conference, November 7th-8th _______________________________
108
EUROMECH Colloquium 528, February 22nd-24th _____________________________________________________
110
The Science of Making Torque from Wind 2012, October 9th-11th ________________________________________
Symposium energy 2050, May 14th-15th ________________________________________________________112
113•
Global Wind Day with ForWind _________________________________________________________________
114
Opening Ceremony Schlaues Haus 2012, September 28th _____________________________________________
115
Presidentship of EAWE ________________________________________________________________________
115
Selection of International Delegations and Visitors ___________________________________________________

Documentation
116
• Publication Lists _____________________________________________________________________________
• ForWind Staff Members _____________________________________________________________________126
132
• Imprint ___________________________________________________________________________________

6

FORWIND – CENTER FOR WIND ENERGY RESEARCH

The Organization
ForWind, the Center for Wind Energy Research of the Universities of Oldenburg,
Hannover, and Bremen combines scientific
know-how with research geared towards
the industry. ForWind bundles the competencies of the three universities and is an
adept industry contact. The administrative
office of ForWind is located in Oldenburg.

Since 2006, a formal agreement of the
Universities of Oldenburg and Hannover
exists to form a corporate research center
as a joint institution. The University of

Bremen joined in 2009. What continues to
make ForWind unique in Germany is that
it is a university research center 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.

G. Goch		

J. Peinke

ForWind was founded in 2003 through the
support of the Ministry for Science and
Culture of Lower Saxony.

Executive Board

B. Orlik

R. Rolfes

ForWind is led by a six member executive
board consisting of two members of the
Carl von Ossietzky Universität Oldenburg,
the Leibniz Universität Hannover and the
Universität Bremen respectively. All members have equal authority.

M. Kühn

P. Schaumann

The current executive board is made up of
Prof. Dr.-Ing. Bernd Orlik,
(Academic Speaker),
Prof. Dr.-Ing. habil. Raimund Rolfes
(Deputy Speaker),

Prof. Dr.-Ing. Gert Goch,
Prof. Dr. Martin Kühn
Prof. Dr. Joachim Peinke,
Prof. Dr.-Ing. Peter Schaumann.

Advisory Board
Chairman:

Beurskens, Jos, Dr. h.c. SET Analysis; Scientific Director We@Sea

Members:

Hermsmeier, Jörg, Dr.-Ing., EWE Aktiengesellschaft
Meier, Klaus, Dr., wpd AG,
Nachbaur, Karin, Dr., The Senator for Education and Science of Bremen
Ritterbach, Benedikt, Dr.-Ing., Salzgitter Mannesmann Forschung GmbH
Schroeder, Hans, Dr.-Ing., Ministry for Science and Culture of Lower Saxony
Schubert, Matthias, REpower Systems AG
Tworuschka, Hartmut, Dr.-Ing., HOCHTIEF Construction AG
Weigel, Lars, SGL Rotec GmbH & Co. KG

Guests:

Drechsler, Rolf, Prof. Dr., University of Bremen
Hulek, Klaus, Prof. Dr., Leibniz Universität Hannover
Simon, Babette, Prof. Dr., Carl von Ossietzky Universität Oldenburg
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Research Institutes
The following institutes and research
groups belonging to the Universities of
Oldenburg, Hannover and Bremen are active in ForWind:
- Bremen Institute for Metrology,
Automation and Quality Science
(BIMAQ), 			
University of Bremen,
Prof. Dr.-Ing. Gert Goch
- Bremen Institute for Mechanical
Engineering, 			
Universität Bremen, 		
Prof. Dr.-Ing. Bernd Kuhfuß
- Bremen Institute for Mechanical
Engineering, 			
Universität Bremen, 			
Prof. Dr.-Ing. Kirsten Tracht
- Center for Marine Environmental
Sciences, 			
Universität Bremen, 		
Prof. Dr. Tobias Mörz
- Department of Computing Science,
Environmental Informatics,
Universität Oldenburg. 			
Prof. Dr. Michael Sonnenschein
- Department of Computing Science,
Business Engineering, 		
Universität Oldenburg. 		
Prof. Dr. Axel Hahn
- Franzius Institute of Hydraulics,
Waterways and Coastal Engineering,
Universität Hannover, 		
Prof. Dr.-Ing. habil. Torsten Schlurmann
- Institute of Building Materials Science,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Ludger Lohaus
- Institute of Concrete Construction,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Steffen Marx
- Institute for Drive Systems and Power
Electronics, 			
Leibniz Universität Hannover,
Prof.Dr.-Ing. Axel Mertens

- Institute for Drive Systems and Power
Electronics, 			
Leibniz Universität Hannover,
Prof.Dr.-Ing. Bernd Ponick
- Institute for Electrical Drives, Power
Electronics and Devices, 		
Universität Bremen,
Prof. Dr.-Ing. Nando Kaminski
- Institute for Electrical Drives, Power
Electronics and Devices, 		
Universität Bremen,
Prof. Dr.-Ing. Bernd Orlik
- Institute of Electric Power Systems,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Lutz Hofmann
- Institute of Fluid Mechanics and Environmental Physics in Civil Engineering,
Leibniz Universität Hannover,
Prof. Dr. Insa Neuweiler
- Institute for Geotechnical Engineering,
Leibniz Universität Hannover,
Prof. Dr.-Ing.Martin Achmus
- Institute for Integrated Product
Development, Universität Bremen.
Prof. Dr.-Ing. Klaus-Dieter Thoben
- Institute of Machine Elements and
Engineering Design, 		
Universität Hannover, 		
Prof. Dr.-Ing. Gerhard Poll
- Institute of Physics, 		
AG Energy Meteorology, 		
Universität Oldenburg,
Dr. Detlev Heinemann
- Institute of Physics, 		
AG Marine Physics, 		
Universität Oldenburg, 		
Dr. Rainer Reuter
- Institute of Physics, AG Turbulence,
Wind Energy and Stochastics,
Universität Oldenburg, 		
Prof. Dr. Joachim Peinke
- Institute of Physics, 		
AG Wind Energy Systems, 		
Universität Oldenburg,
Prof. Dr. Dipl.-Ing. Martin Kühn

- Institute of Principles in Electrical
Engineering and Metrology,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Heyno Garbe
- Institute for Steel Construction,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Peter Schaumann
- Institute for Structural Analysis,
Leibniz Universität Hannover,
Prof. Dr.-Ing. habil. Raimund Rolfes
- Institute of Turbomachinery and Fluid
Dynamics-TFD, 			
Leibniz Universität Hannover,
Prof. Dr.-Ing. Jörg Seume
- Institute of Wind Energy Systems,
Leibniz Universität Hannover,
Prof. Dr.-Ing. Andreas Reuter

Associated Members of ForWind:
Institute of Machine Elements and
Machine Design,
Prof. Dr.-Ing. Berthold Schlecht
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WIND AS A RESSOURCE

GW Wakes – Analysis of the Shadowing Effects and Wake
Turbulence Characteristics of Large Offshore Wind Farms by
Comparison of »alpha ventus« and »BARD Offshore 1«
Carl von Ossietzky Universität Oldenburg,
Institute of Physics, Wind Energy Systems
(project-coordination),
Turbulence Wind Energy and Stochastics,
Energy Meteorology, Marine Physics,
Martin Kühn, Jörge Schneemann,
Matthias Wächter, Gerald Steinfeld,
Rainer Reuter
Partners (Part B): BARD Engineering
GmbH, Fraunhofer IWES project group
Computational Fluid and System
Dynamics
Funded by the Federal Ministry for the
Environment, Nature Conservation and
Nuclear Safety (BMU), Ref.Nr.: 0325397A
Duration: August 2011 - October 2014

Introduction
The flow conditions in the planned very
large offshore wind farms with hundreds
of multi-megawatt wind turbines sited in
wind farm clusters will differ in various aspects significantly from what is presently
know on wake effects of small to medium-scale wind farms. Moreover specific
turbulence characteristics will result from
superposition of many individual wakes
and their interaction with the marine atmospheric boundary layer.
It is known that a wind turbine (WT)
placed in the wake of another one has less
energy available to convert and at the same
time experiences more turbulence than a
wind turbine in free flow. This leads to a
decreased power output and increased fatigue loads compared to a WT in free flow.
The focus of the project lies on the studies
of the flow situation of multiple overlapped
wind turbine wakes in large offshore wind
farms and on the wake of the whole wind
farm itself.

In addition, further measurements of the
power-performance and loads on indifferent wind turbines as well as oceanograficmeteorological data will be considered.
In "alpha ventus" such data is available
from the RAVE research program while at
"BARD Offshore I" a comprhensive measurement campaign is forseen.
Another major goal of the project "GW
Wakes" is to study the interactions of the
increasing population of wind farms in the
North Sea.
GW Wakes aims to understand these complex flow situations better and to develop
computational models that can be used for
an optimized planning of large offshore
wind farms in the future. For this goal innovative laser remote sensing wind speed
measurements (lidar) will be performed in
German offshore test farm "alpha ventus"
(12 turbines) and the large offshore wind
farm "BARD Offshore 1" (400 machines),
both installed in the North Sea. The detailed wind fields, obtained with this measurement technique, will be applied in the
validation of the micro-scale as well as the
meso-scale wind farm models further developed in the project.

Project description
The main activities included in “GW
Wakes” are as the following:
1. Measuring technique
To measure the flow within and around the
offshore wind farms, a so called multi-lidar
system will be used. It consists of two or
three scanning long-range lidar units that
are synchronized and controlled remotely.
The units will be placed on distant platforms available in the wind farms in aiming
at the same volume of the atmosphere from

different directions. This allows measuring
the 2D respectively 3D wind speed since
each lidar is able to measure the component of the wind vector that is aligned to
the line of sight of its lidars laser beam.
The first deployment will be in "alpha
ventus" with two lidars and afterwards in
"BARD Offshore 1" with three lidars. The
technique permits measurements in a range
up to approx. 8 km. The planned set up of
the multi-lidar system gives several scan
possibilities, e.g. the inflow and the wake
of the whole wind farms will be measured
as well as the interaction of wakes inside
the wind farm.
Currently the three lidar systems and other
electronic components are being tested in
an onshore measurement campaign. The
testing comprehends the lidar units and additional hardware/software developed for
these measurements. The first offshore installation will be performed in "alpha ventus" in spring 2013.
2. Turbulence characterization
The measurements performed in the offshore wind farms will be stored in a large
database suitable also for studies of turbulence. In this respect the project foresees
the validation of state of the art models
used to estimate turbulence properties such
as turbulence intensity, integral length
scale and turbulence spectra at different
positions in the wind farm. Additionally,
the data is planned to be used to validate
engineering models simulating statically
and dynamically the wake effects.
3. Modeling and validation of
meteorological flow situations
The wind farm "BARD Offshore 1" is being modeled with flow models at different
scales. The different flow conditions are
being simulated with a Large-Eddy-Simulation (LES) code which considers the
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effect of the wind turbines. The results of
the simulations will be validated with the
multi-lidar measurements delivered by
the experimental campaign. Furthermore,
meso-scale meteorological simulations of
the region including "BARD Offshore 1"
will be performed and compared with the
multi-lidar data as well.
4. Technology transfer
The results achieved in the other work
packages will be used to enhance wind
farm modeling software. This should improve the accuracy in the evaluation of
loads acting on WTs operating in multiple
wake conditions and to include the influence of neighboring wind farms on the energy production estimation.

Figure 1: Artists view of the measurement range of three long-range lidars placed
inside “BARD Offshore 1”.

Summary
Multi-lidar technology is being developed
to investigate the flow conditions around
and within large offshore wind farms. Two
offshore experimental campaigns including
measurements of the flow chracteristics,
power performance and loads are planned

to deliver a unique set of high quality data
suitable for validation of theoretical models of turbulence and wakes. These include
wind field simulations generated with LES
and meteorological meso-scale codes. The
outcome of the research activities is to be

included in industrial wind farm modeling
software. This will improve the overall accuracy of the energy yield estimation for
large wind farms at industrial level.

ForWind

Center for Wind Energy Research

Figure 2: 3D visualization of the concept of multi-lidar wake measurements

10

WIND AS A RESSOURCE

Parallel Computing Cluster for CFD
and Wind Turbine Modeling
Carl von Ossietzky Universität Oldenburg,
Institute of Physics,
Stefan Albensoeder, Wided Medjroubi,
Björn Witha, Detlev Heinemann,
Joachim Peinke, Gerald Steinfeld
Funded by the Federal Ministry for the
Environment, Nature Conservation and
Nuclear Safety (BMU), Ref.Nr.: 0325220

Introduction
In wind energy research computational fluid dynamics (CFD) is an essential tool to
improve blades and complete wind energy
turbines, to better understand wake effects
and the interaction of wakes in wind farms.
Today’s simulations resolve more details
and enable the coupling of large and small
scale effects. However, to perform those
simulations, powerful computational resources are required.
For this purpose, the ForWind/Fraunhofer
alliance has been supplied with its own
High-Performance Computing (HPC)-facility called FLOW (Facility for Large-Scale
COmputations in Wind Energy Research).
The project is funded by the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit, BMU). The HPC-cluster is
designed for highly parallelized computations and contains more than 2200 cores
with a high-performance interconnect and
a large storage system.

Project description
In the scientific part of the project LES
simulations with the software PALM are
performed to improve the knowledge on
wake effects of wind energy turbines in
wind farms and to simulate wind turbines
in complex terrain. On smaller scales the

computations of loads of wind turbines
will be improved by simulations with the
software OpenFOAM. Both kind of simulation types should lead to a better modeling of small scale effects in large scale
simulations and vice versa. To verify the
new models, a coupling between large
and small scale codes, e.g. between the
mesoscale model WRF and PALM and
between PALM and OpenFOAM, will be
performed.
Operational HPC results
The HPC facility FLOW is open for calculations for other companies. For this purpose an automated accounting system has
been established to draw up an account.
Further activities are related to software installation and improvements. For example,
the LES software PALM was improved for
the usage on FLOW including an extension
of the I/O capabilities of PALM for large
cases.
For the users of FLOW the HPC Wiki of
the supercomputer was redesigned and updated. Additionally a HPC-Workshop has
been organized.
Furthermore, a high-performance GPFS
storage system was successfully requested and will improve the performance of
FLOW especially for the I/O of large files.
Scientific Results
Wake simulations with the LES model
PALM
The parallelized large-eddy simulation
(LES) model PALM is used in this and
several other projects to simulate turbulent
atmospheric wake flows behind single turbines and within wind farms. A main task
of the project is the further development of
wind turbine parameterizations in PALM.
Although PALM resolves the atmospheric
boundary layer turbulence and the turbulence generated by wind turbines, it is not

capable of explicitly resolving the flow at
the rotor blades. Thus, the turbine effects
on the flow have to be parameterized. Two
methods have been previously implemented and applied in PALM: a simple and fast
actuator disk model (ADM) and a complex, accurate but time consuming actuator
line model (ALM). The ADM represents
the wind turbine as a permeable disk with a
thrust force uniformly distributed over the
area swept by the rotor blades. This method does not consider the rotation of the
blades. The ALM uses the blade-element
momentum (BEM) theory and represents
the blades as lines. It resolves the rotation
of the blades by applying a very small time
step. Along the rotor lines local forces are
calculated which depend on the local wind
speed and the shape of the blade. Due to
the much smaller time step, the ALM is
computationally very expensive and is not
feasible for the simulation of large wind
farms. Therefore, an enhanced actuator
disk model (ADM-R) has been implemented, following the proposed method
of [1]. The ADM-R uses BEM theory like
the ALM to calculate local forces at each
point of the rotor swept area but does not
explicitly resolve the movement of the rotor blades. Nevertheless, the rotation of the
blades is considered as well as the non-uniform distribution of the thrust. In all three
models a parameterization of the nacelle
and the tower has been included using a
thrust force approach similar to the ADM.
The comparison of the three different wind
turbine models for a single wake shows
major differences in the near-wake region.
Whereas the wake deficit is rather uniform
in the ADM simulation, it features a more
detailed structure in the ALM and ADM-R
simulations (see figure 1). The latter two
models produce strong up- and downdrafts
in the wake which are caused by the blade
rotation and which are not visible in the
ADM simulation. Furthermore, the turbulence intensity is stronger with ALM and
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ADM-R compared to ADM. The effect of
nacelle and tower on the wake flow is rather small compared to the effect of the rotor blades. The results obtained with ALM
and ADM-R are generally very similar. In
the far-wake region (from about four rotor diameters downstream of the turbine),
all three models yield very similar results.
Several offshore wind farm simulations
have been performed with PALM: In the
project RAVE-OWEA, the flow through
the German offshore test wind farm "alpha
ventus" has been simulated for different atmospheric stabilities. Similar simulations
have been performed for the first German
commercial offshore wind farm "EnBW
Baltic 1". Furthermore, a coupling between
PALM and the aeroelastic model Flex5 has
been implemented in the project ClusterDesign. For details see the corresponding
project descriptions.
Simulation of a the flow over a 2D wind
turbine profile using OpenFOAM
The goal is to assess the capabilities of the
turbulence models and the transition model
available in OpenFOAM in reproducing experimental results. Two airfoils are chosen:
FX 79-W-15A and NACA 63-430. Comparison with experimental results is achieved in
terms of the lift coefficient. RANS models
are used, namely the K-ω-SST model [2]
and the transition model kkl-ω [3]. Experimental lift coefficient values are compared
with the numerical simulation obtained using OpenFOAM for different angles of attack. In Fig. 2 CFD results for the NACA
63-430 are compared to the experimental

Figure 2: Lift coefficient for the profile NACA 63-430

Figure 1: Horizontal cross-section in hub height of the time-averaged
velocity in mean flow direction for three different wind turbine models

results of [4]. The Reynolds number of
the two-dimensional steady simulations is
1.5x106. As it can be seen in Fig. 2, and for
all angles of attack, the values of the lift coefficients obtained from the numerical simulations are in very good agreement with the
experimental results. When using the transi-

tion model kkl–ω with a grid satisfying y+=1
(without wall functions), we obtain a better
prediction of the lift coefficient values for
all considered angles of attack. The same
agreement is found for the FX 79-W-151A
airfoil at Re=7x105 for which experimental
results of [5] are available (see Fig. 3).

Figure 3: Lift coefficient for the profile FX 79-W-151A
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Fractal Grid
Inflow conditions in which wind turbines
operate are highly turbulent. One possibility to generate and to characterize such inflow conditions is to use fractal grids (see
Fig. 4).

Summary
The supercomputing facility FLOW has
been established within the last years to
perform high-end simulations. Several
wind energy projects benefit from the new
supercomputing facilities. From the operational point of view many improvements
have been arranged. The environment for
computations for the industry is implemented.

The wind turbine parameterizations in the
LES model PALM have been enhanced,
including models of the tower and nacelle.
With these new features wake effects within wind farms are investigated.
The calculation of aerodynamic coefficients of blades is improved by a transitional turbulence model without using wall
functions. Experimental results from turbulence injection by a fractal grid can be
reproduced by OpenFOAM.

Figure 4: A 3 iterations fractal grid

Numerical simulations of the unsteady
flow behind a fractal grid are conducted
using the Delayed Detached Eddy Simulation (DDES) solver of OpenFOAM and
compared to experimental results obtained
at the wind tunnel of the University of Oldenburg (PIV and hotwire measurements).
The grid used possesses 3 iterations. In
Fig. 5 the turbulence intensity is plotted for
both the CFD and the experimental results,
and in Fig. 6 the flatness.
It can be seen clearly that the CFD results
are in a very good agreement with the experimental results. This result assesses the
predictive capabilities of OpenFOAM and
the DDES simulations techniques in reproducing experimental results for complex
flow situations.
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Introduction
Recent studies show that in the year 2050
a power supply system for Germany and
Europe that is based on almost to 100% on
renewable energies is possible. However,
those studies do not address adequately all
important aspects and questions concerning the transition to a future power supply system. Some of these aspects are the
systematic relation between the developing
transmission network across Europe, the
intermittent availability of wind and solar
power on different temporal and spatial
scales and the adequate analysis of required
storage capacities and interconnectors.
RESTORE 2050 addresses these and other
strategic aspects by combining meta analysis of available studies and detailed system
modeling. The focus is on quantifying the
requirement and effect of storage capacities
and demand side management considering
the effect of pan-European power balancing
due to the availability of interconnectors
with varying capacities. The overall goal of
the project is to develop consistent political recommendations how to stimulate the
transformation of the German power system considering the European dimension
of the future power supply by Renewables.
Based on renewable deployment and consumption scenarios for the ENTSO-E control zone and utilizing temporal and spatial
high resolved meteorological time series for

the simulation of the solar and wind power,
the following topics are addressed:
I. Which scenarios of renewables deployment in the year 2050 are consistent in
an European context considering longterm meteorological time series? What
is an optimal spatial distribution of renewable capacities within each single
country and within Europe as a whole?
II. What capacities of interconnectors are
required for a stable power supply in
Germany and Europe in particular with
respect to the usage of Norwegian hydro
storage and the connection of Northern
Africa for solar power imports?
III. What is the quantitative potential of
demand side management (DSM) and
related technologies concerning the
large-scale integration of renewables in
Europe?
IV. Which storage capacities and technologies are required in Germany and Europe with respect to different DSM and
transmission network extension?

developed to optimize the spatial distribution of solar and wind power capacities in
Europe with respect to spatial balancing of
solar and wind power production. Different
criteria and cost functions will be tested to
use renewable energies most efficiently.

Summary
Utilizing ArcGIS cartographic data has been
determined to map grid points of mesoscale
atmospheric models. Furthermore, land use
data was extracted from the Corine Land
Cover data base [1]. Initial results show that
the benefit of spatial dispersion of wind power production is much more efficient than the
use of increased hub heights to increase the
availability of wind power [2]. Around 240
GW of installed wind power is required to
meet the yearly electricity consumption of
Germany. However, in 60 % of the time wind
power is unable to meet the demand (Fig. 1).

Project Description
The project RESTORE 2050 is funded by
the German Federal Ministry of Education and Research (BMU). The three year
project is coordinated by NEXT ENERGY
– EWE Forschungszentrum für Energietechnologie e.V. and started in November
2012. The Wuppertal Institute for Climate,
Environment and Energy is the third partner in the project. ForWind’s role in the
project is to compute and to deliver high
quality and highly resolved time series of
wind and solar power to the project partners. New and efficient algorithm will be
developed to simulate the feed-in of solar
concentrated power (CSP) plants and of
hydro reservoirs. The effect and benefit of
high resolved meteorological data will be
investigated in contrast to lower resolutions. Furthermore, methodologies will be

Figure 1: Duration curve of the residual load (production minus consumption) in Germany for a 100 % wind
power scenario. The black line is with real (measured)
wind power production in the year 2007 scaled to meet
Germany’s yearly consumption. The colored lines are
for simulated wind power scenarios at hub heights of
70 and 180 m and two different turbine power curves.
In those scenarios wind power is equally distributed in
an area including Germany, North Sea, the British Isles
and parts of France, Poland and Southern Scandinavia.
Load data is always for the year 2007.
Refences
[1] www.corine.dfd.dlr.de
[2] von Bremen, L.:
Welche Anforderungen an das zukünftige
Stromversorungssystem diktiert das Wetter?
energy 2050 - 1st Oldenburg Symposium on
Transition of our Energy Supply System: Strategies
and Options, Oldenburg, Germany, May 15th 2012
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Introduction
A number of public planning projects with
respect to wind energy and the future energy supply infrastructure require reliable
information about the spatial distribution of
the wind energy potential.
The Federal Environmental Agency of
Germany (Umweltbundesamt, UBA) is in
charge of identifying the size of all available areas for onshore wind energy exploitation in Germany. For this purpose, highresolution wind speed model data from the
Germany Weather Service DWD is used to
analyze the techno-economic suitability of
potential sites in Germany.
For the current project, wind speed data
(weather analyses) from the COSMO-DE
model were available for the years 2007
until 2011. COSMO-DE is the high resolution weather forecast model of DWD for the
shortest-term and is based on the COSMO
[1] mesoscale model. Due to this rather
limited time period, intra- and inter-decadal
climate variability is not covered properly.
The aim of this project was to calibrate
the 5 year wind speed distribution of the
COSMO-DE data with the climatology of
a long-term data set. Here, 30 years (19802009) of ERAinterim weather re-analysis,
generated by ECMWF (European Centre
for Medium-Range Weather Forecasts) was
used.

Project Description
For each ERAinterim model grid point in
Germany we computed the ERAinterim
mean wind speed for the years 2007-2011
νshort and νlong for the years 1980-2009.
The ratio between the mean wind speeds
of the long range and the short range climate is
rν= νlong / νshort
The same ratio was computed for the wind
power density, respectively the average of
the cubic values of the wind speed time
series. The ratio between long and short
range is therefore
rWPD=<ν3>long /<ν3>short

Here, the notation "<v³>" denotes the temporally averaged value over the given time
period.
The factors rWPD and rν are called calibration
factors and were computed for 100 m and
140 m height. These factors were interpolated to the grid points of the COSMO-DE
model with a standard interpolation function. These calibration factors were multiplied with the mean wind speed and the
mean wind power density of the COSMODE time series for the years 2007-2011.
This scaling was done individually for
each COSMO-DE grid point.
From the new, long-term-climate-calibrated values of mean wind speed and wind

Figure 1: Long-term calibration factors for wind speed (left) and wind power density (right) for 100 m height,
computed from ERAinterim data. The figure shows the ratio between the periods 1980-2009 and 2007-2011
interpolated to the COSMO-DE grid.

Figure 2: As Figure1, but for 140 m height.
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power density, we derived the parameters of the Weibull distribution for wind
speeds, namely the Weibull shape-parameter k and the Weibull scale-parameter A
[3]. The calibration and computation of A
and k were carried out separately for 100
m and 140 m height.
Figures 1 and 2 show the calibration factors for 100 m height and 140 m height,
respectively.
The northern and eastern part of Germany
exhibit wind speed calibration factors less
than 1, meaning that there, wind speeds
in the period 2007-2011 have been higher
than on average between 1980 and 2009.
However, the differences are small (calibration factor around 0.985). In all other
parts of Germany, the long term wind
speeds are higher than in the short 20072011 period: The most western and southwestern regions show an increase in mean
wind speed of 3.5 % to 4 %.
For wind power density, differences due
to the length of the time periods are even
more pronounced: In the west of Rhineland-Palatinate, the long term wind power
densities are up to 13 % higher than in
the short COSMO-DE period. Only east
of a line between Schwerin and Cottbus,
these long-term wind power densities are
smaller than in the period 2007-2011.
Surprisingly, in the northern parts of Bavaria, the increase of wind power densities in 140 m height slightly exceeds the
increase in 100 m height.
The German Federal States of RhinelandPalatinate, Saarland, Baden-Württemberg,
Hesse and Bavaria show increases of the
wind power density between 3-13 %.
Figures 3 and 4 show the Weibull parameters A and k for the heights 100 m and
140 m, respectively.

Figure 3: Weibull-Parameters of long-term calibrated wind speeds for 100 m heigh. Left: Weibull-scale factor A
Right: Weibull-shape factor k for the period 1980-2009 on the COSMO-DE grid.

Figure 4: as Figure 3, but for 140 m height

Summary
In most parts of Germany the long-term
(mean) wind speed and wind power density would be underestimated considering
the five years 2007-2011 only. A climatologic reference for heights of 100 m and
140 m can be derived from re-analysis
data, e.g. ERAinterim. In the west of
Rhineland-Palatinate, the long term wind
power densities are up to 13 % higher than
in the five year period.

References
[1] www.cosmo-model.org
[2] Dee, D. P. et al., 2011: The ERA-Interim
reanalysis: configuration and performance of
the data assimilation system, Q. J. R. Meteorol.
Soc., pp. 137, 553 – 597, April 2011
[3] Troen, I. and E.L. Petersen (1989). European
Wind Atlas. ISBN 87-550-1482-8. Risø National
Laboratory, Roskilde, p. 656
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Introduction
The investigation of turbulence is a fascinating topic since hundreds of years (e.g.
early work by Leonardo da Vinci), but yet
a complete analytical description has not
been developed, which makes it complicated to characterize turbulence. In atmospheric turbulence the so-called gustiness is
one of these special characteristics, which
is expressed by strong changes in the wind
velocity over a certain time interval. Such
fluctuations in the wind velocity result in
rapidly changing forces acting on the wind
turbine blades, which channel through the
whole machinery causing fatigue. In order
to better understand the effects on wind
turbines caused by turbulent wind fields,
experimental investigations under realistic inflow conditions are needed for which
so-called "active grids" have been developed. Such grids are installed in front of
the wind tunnel test section and disturb the
flow dynamically in time with a changing
blockage distribution over the grid's cross
section. Wind tunnel experiments with active grids show flow fields, which are tunable in their turbulent features. To generate
such flow fields with an active grid, excitation protocols are needed (those control
the blockage distribution of the grid's cross
section in time), where the design of suitable protocols is the scientific challenge. In
2012 a new kind of characterization was developed, which allows the prediction of the
resulting velocity time series on the centerline behind the active grid for any excitation
protocol. Therefore, this method allows the
testing of different excitation protocols with
estimations of resulting flow characteristics

on the computer. The goal of this approach
is an iterative optimization, which results in
excitation protocols for desired flow field
properties. Additionally, the active grid was
re-designed to decrease its minimum blockage ratio and a second, smaller active grid
was built.

Project description
Measurements:
In 2012 an experiment was performed with
the active grid, which led to a new kind of
characterization for the active grid. The
characterization can estimate velocity time
series according to active grid excitation
protocols. The basis of this characterization is a matrix, in which certain sequences
of measured velocity time series are stored.
The sequences are conditioned on adjustable parameters of the active grid like the
angle of attack (α), and rotational speed of
the flaps (ά) as well as the incoming wind
speed (u∞) and the downstream position
of the measurement (x). We call this matrix VIDE (Velocity field – Inflow adjustments – Database), see Fig. 1. Inside VIDE
more than 400,000 velocity sequenes are
stored. By rearranging these conditioned
sequences new synthetic time series can be
generated corresponding to any excitation
protocol characterized by α, ά, u∞ and x.
Comparison between experimentally found
time series and time series generated with
the characterization on a computer show
a nearly perfect agreement with respect
to one-point- and a fairly good agreement
with respect to two-point-statistics, see
Fig. 2. The next step, which is planed for
2013, is an optimization of the excitation
protocols with this characterization. With
this new approach we hope to overcome
the difficulties of finding suitable excitation protocols. The concept of the characterization and the comparison of one- and
two-point statistics were presented at the
iTi-conference in Bertinoro, Italy [1].

New active grids:
In 2012 a low blockage active grid (crosssection 0.8×1.0 m²), with a minimum
blockage of less than 5% was designed. A
big decrease compared to our first active
grid with a minimum blockage of more
than 23%. The new low blockage active
grid plays an important role due to its wider range of blockage variations, so the flow
is more affected by the active grid excitation protocol. First experiments are planed
for 2013.
In addition to this grid a small active grid
was built up. It has a cross section of
0.25×0.25 m² with 10 axes. To swirl the inflow efficiently 5 flaps (3.5 cm side length)
are mounted on each axis. The minimum
blockage is about 23% and the highest
blockage is about 92%. The design of the
small grid based on the dimensions of the
existing big active grid, to assure a direct
comparability between them. The small
grid is designed for the 2 meter long closed
test section wind tunnel. The relative long
test section compared to the mesh width
of the grid (distance between two neighbored axes, M=4, cm) is an excellent basis
for turbulence research, and its decay respectively. Measurements of the generated
turbulence up to 47M are now possible.
Compared to the current setup, in which
measurements behind the grid of 23M are
possible, is the new system an improvement by the factor of 2.
Turbulence inflow channel:
This new wind tunnel will have a test section with a cross-section of 0.8×1.0 m²
and a length of 5 m. The test section can
be used open and closed. Even though the
construction of the new turbulent inflow
channel is not finished, we see already
promising results, considering the maximal
wind speed. Latest optimizations addressed
the flow quality within the diffusor where
guiding vanes are placed to smooth out
vortices generated by the fan of this wind
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tunnel. Pre-experiments show, that those
vanes improve the flow. New measurements show a linear connection between
the rotational frequency of the wind tunnel
fan and the wind speed behind the nozzle.
More than 20 m/s could be measured at
70% of the fan's rotational frequency.

Summary
In the last year a great improvement was
for the active grid achieved. The new characterization, which describes the interaction between the grid and the flow field,
will help to find better excitation protocols.

The work at the new low blockage active
grid goes on, a wider range between low
and high blockage will enable us to generate more adapted flow fields. The turbulent
inflow wind tunnel will be finished in 2013
and show already promising results concerning the wind speed.

Figure 1: Concept of the generation of turbulent wind fields. The excitation protocol (left figure) determine the turbulent flow (right figure), which can be found in an
wind tunnel experiment and can also be estimated with the VIDE on a computer.

Figure 2: Left figure shows the power spectrum for the synthetic (blue) and the experimental (red) found data (one-point-statistic). Right figure compares PDF
of velocity increments for the synthetic (blue) and the experimental (red) found data, for a wide range of time scales (two-point-statistic).

References
[1] Weitemeyer, S.; Reinke, N.; Peinke, J.;
Hölling, M.:
Multi-scale generation of turbulence with
fractal grids and an active grid
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Introduction
Whenever measurements are carried out,
the investigated system is influenced. It is
desirable to use techniques which minimize
this impact. This is one strength of particle
image velocimetry (PIV) for investigations in fluid dynamics. The flow is seeded
with tracer particles, which are tailored to
the fluid in order to follow its movement
smoothly. Then, the flow is characterized
by recording the particle positions.
The measurement and analysis of these
positions has been carried out in different
ways. For the investigation of flows in two
dimensions, allowing for the measurement
of two components of the velocity distribution in fullfield, PIV has been employed.
In this way, the wake generated by a fractal grid was investigated and hot-wire data
and computational fluid dynamics (CFD)
were used for mutual validation. The aeroacoustic noise generation of a cavity
milled into a cylinder is studied with laser
pulses illuminating a fog of particles and
CFD simulations. Due to the desire for
three dimensional data in high temporal
resolution research was carried out in order
to customize digital holographic PIV.

Project Description
The Wake of a Fractal Grid
Fractal grids generate turbulence on a
range of different length-scales simultaneously, which influence each other and show
very different properties from all previous-

ly documented turbulent flows. We have
investigated the turbulent wake generated
by a space-filling square fractal grid with
3 iterations with PIV, hot-wire measurements and supplemented this study with
numerical simulations.
The experiments were conducted in a 2m
long closed test section of a wind tunnel
with a square nozzle of (25cm)² at an inflow velocity of 10m/s. A double pulse
laser system was used to illuminate tracer
particles within a light sheet. The light scattered by these particles was recorded by a
camera and from these double images the
movement of the particles within the flow
was analyzed. In addition hot-wire measurements and CFD simulations were used
for a comparison with the PIV results. The
sampling of the velocity was performed at
76 positions in the wake between 5cm and
176cm distance of the grid.
Our main purpose was to characterize the
turbulence generated by fractal grids in
terms of decay law and statistical turbulence values such as velocity, turbulence
intensity, skewness (not presented here)
and flatness. These values were calculated
along the flow direction at the center-line in
the wake of the fractal grid from PIV, hotwire and CFD simulation data and plotted
in figure 2-3. The results obtained by PIV
are in a very good agreement with the hotwire measurements and the CFD simulation. The agreement of the higher moments
of the fluctuating velocities is qualitative
while the agreement of the turbulence intensity is qualitative and quantitative.
Flow instabilities
Flow instabilities are important in fluid
mechanics and especially in aeroacoustics. They are part of the transition process from laminar to turbulent flows that
arises for instance in the boundary layer of
overflown bodies or in their wake. When
these periodic coherent structures impinge

Figure 1: Velocity distribution in the wake of a fractal
grid (investigated by PIV).

Figure 2: Turbulence intensity distribution in the
wake of a fractal grid.

Figure 3: Flatness distribution in the wake of a
fractal grid.
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on a discontinuity they can induce tonal
acoustic noise. In this study an overflown
cylinder was investigated in our acoustic
wind tunnel. With modifications of the PIV
setup, it is possible to visualize the instabilities that arise in the separating boundary layer forming a shear layer. For that
purpose dense fog of light scattering particles is slightly compressed through a slit
at the stagnation point of the cylinder. The
separated boundary layer is illuminated
with two fast repeating laser pulses and is
recorded with a high speed camera. Figure
4 shows the occurring periodic structures
and their flow direction (arrow) which
have been identified as Kelvin-Helmholtz
(KH) instabilities. From the fast recorded
double images their passing frequency can
be calculated.
When the Reynolds number is increased
to approximately 350,000, the drag crisis
leads to a reattachment of the separated
boundary layer. An obstacle (e.g. a small
cavity) in the surface of the cylinder can act
as a discontinuity and produces loud tonal
noise with the same frequency as the impinging structures. The same experimental
setup is simulated with the open source finite volume CFD code OpenFOAM. With
a grid of 1.55 million elements a compressible RANS simulation is performed. Figure 5 shows the instabilities by-passing the
cavity. The frequencies of the measured
and the simulated instabilities match with
those predicted by the theory. These results
can be used to develop strategies against
noise production.
Digital Holographic PIV
The three dimensional measurement of
fluids with higher temporal resolution
than determined by repetition rates of laser pulses is desirable, for example for
the analysis of Lagrangian trajectories of
tracer particles. Digital in-line holographic
PIV uses only a single camera, as sketched
in figure 6, which is comparatively cheap
and adaptable as only two optical accesses are used. The flow is illuminated with
a continuous wave (cw) laser. The light
scattered by the tracer particles interferes
with the non-scattered beam on the sensor generating holograms. So the temporal

Figure 4: KH instabilities in the near wake of a
cylinder (Re = 75,000). The separated boundary layer
forms a shear layer that was seeded with dense fog
and illuminated with an expanded laser pulse.

Figure 5: CFD simulation of a cylinder (Re = 450,000)
with a small cavity.

Figure 6: Setup: The light of a cw laser is expanded to illuminate the flow within a glass cuvette yielding holograms on a camera sensor.

resolution is limited by the frame rate of
the camera, where a high speed camera can
be used. From the holograms the original
particle positions have to be extracted and
tracked in time. The advantages of digital
holography are adversely accompanied by
a large depth of focus and inherent speckles, which can yield wrong detections of
particle positions. The results of our first
experiments appeared to be clinched in
comparison to the recorded volume. This
was traced back to changes of the refractive indices within the setup [1]. Hence, the
reconstruction procedure could be supplemented with a respective modification.
Until now, most particle detection algorithms use the intensity and not the phase.
In first measurements we have seen noticeable phase structures, an example is shown
in figure 7, a property currently studied to
minimize depth errors and develop fast
algorithms for particle detection avoiding
misinterpretation of speckles.

Figure 7: Relative intensity and spatial distributions
of the wrapped phase in the reconstructed depth zr
around a suspected particle position.

Summary
Optical methods have been used to investigate complicated flow situations for
the application in fluid dynamics and aeroacoustics. Additionally, a measurement
technique for the acquisition of 3D data of
flows with high temporal resolution was
developed further.
References
[1] Heßeling, C.; Homeyer, T.; Hindriksen, C.;
Peinke, J.; Gülker, G.:
Dreidimensionale Strömungsmessung mittels
digitaler Holographie, Proceeding 20. GALAFachtagung, (2012
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Introduction
Anemometers and tail vanes are wind sensors, which are sensitive measuring instruments installed to acquire meteorological
data in order to calculate the energy yield of
wind turbines and wind farms. Various factors affect the acquisition and transmission
of measurement data. Among them are the
usual influences due to weather conditions
but also incidents like a bird sitting on an
anemometer on top of a met mast (Fig.1)
distort the measurement results. Thus, research partners from Ammonit Measurement, Adolf Thies, Deutsche Windguard,
and efm together with scientists of the
University of Bremen initiated the research
project “Traceable acquisition of meteorological data (RealMe)” in order to improve
both the reliability and the accuracy of
measured meteorological values.

Project Description
Site assessment reports based upon meteorological data are the basis for the financial planning and the design of wind farm
projects. In order to determine the wind energy potential of a site precisely, a comprehensive and accurate measurement of wind
speed, wind direction, air pressure, relative
humidity and air temperature over a period
of at least 12 months is essential.
Already minor deviations of measurement
data lead to a significant deviation of the
prediction of the wind energy potential and
increase the risk of uneconomic operation of
a wind farm. For example, a measurement
error of only 3 % of the wind speed can lead
to seven-digit economic damage-costs for a
wind farm installation that requires eightdigit investments.

Figure 1: An osprey (wingspan up 1.7 m and weight up to 2 kg) resting on an
anemometer [Adolf Thies]

The necessary sensors are installed on up to
200 m high met masts, which are exposed
to varying environmental conditions, like
storm, rain, snow, ice and dirt. As wind energy farms are installed in almost all climate
zones of the world the sensors on the met
mast have to resists even extreme weather
conditions, have to work reliably far away
from any street or power supply station and
have to deliver a maximum data quality.
Icing of sensors, for example, is an increasing challenge for the site assessment. In
mountainous areas, tests with heated sensors were carried out in order to prevent
icing effects [1]. Results also from tests in
climate- and wind tunnels show that heated
sensors cannot reliably prevent icing on
sensor surfaces. Based on these results, it
is essential to detect icing parallel to wind-
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speed-measurement with additional sensors.
The RealMe project partners will focus on
four topics to find solutions for the existing
challenges in the upcoming three years.
Traceability of the measured data: Small
measurement deviations can lead to a significant deviation of the assessment of the
wind energy potential of a site (as mentioned
above). Thus, calibration of the instruments
is an important topic and solutions for different sensors are estimated in the project.
Additionally, the uncertainties of the measurements have to be determined in order to
be able to calculate the uncertainties of the
wind energy potential. This uncertainty calculation is only possible if the traceability
of the measured data is ensured by measuring according to international standards (SI
units) and using certified calibration chains.
These working topics are accompanied by
the examination of complementary sensors
and embedded systems, which deliver additional information to ensure highest data
accuracy in the future.

ensure a steady operation of the measuring
systems in order to guarantee the long-term
availability of measurement data. In addition to power-saving switches, the project
team considers the approach of Energy
Harvesting. Therefore, the consortium examines different approaches for the generation of the necessary electrical energy for
the sensors. Considered locally available
sources are ambient temperature, vibration
and air flow.

Summary
Goal of the co-operative research project
is to develop and enhance measuring systems for meteorological data. The results

will increase reliability, security and traceability of the measured data for evaluation
by developers, operators of wind turbines
and service providers. For compliance with
enhanced quality-parameters, the sets of
measurement-data in comprehension of all
components of the measuring chain should
be upgraded with digital signatures. The
partners evaluate methods to digitize and
digitally sign measurement values directly
in the sensor. Microelectronic circuits will
be developed for the integration in meteorological sensors which are connected by
digital bus-systems for secure data transfer.
The development of data plausibility checks
requires additional sensors which will be
added to the meteorological systems for detecting influences on data quality.

Consistency of measurement data: Faulty
values from sensors not measuring properly
should be identified by comparison with
other measured quantities. For example,
ice-effects on the instruments should not
affect the measurement results or should be
automatically corrected by intelligent algorithms. Alternatively, the icing-influenced
results are automatically excluded from the
measurement series. Therefore, plausibility
checks and correction algorithms as well as
additional controlling instruments recording
the environmental conditions such as ice
sensors will be developed and examined.
Secure transmission: Manipulation of measured data has to be prevented in order to
ensure a correct assessment of the site’s
wind energy potential. Thus, the measured
values should be digitally signed and encrypted prior to data transmission. Appropriate microelectronic circuits integrated in
the sensors and cross-linked digital systems
are developed and tested for these purposes
(Fig. 2).
Steady operation: Newly designed independent power supply solutions should

Figure 1: Acquisition of meteorological data with an extension of the data record with encryption and signature,
and including all components of the measurement chain
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Introduction

Project Description

The ForWind research project Probabilistic
Safety Assessment of Offshore Wind Turbines (PSA OWT) is sponsored by the Ministry for Science and Culture in Lower Saxony since 1.12.2009. In this research project
safety assessments of the support structure
and specific electrical and mechanical components of Offshore Wind Turbines (OWT)
are performed. The PSA Annual Report
2010 contains first project descriptions.
PSA Annual Report 2011 continues with
first results of accomplished work. In PSA
Annual Report 2012 further investigations
and outcomes are documented. All reports
are available on www.psb.uni-hannover.de.

Safety assessment of OWT is done in several work packages (WP). WP 1 provides
the frame of this project. Some tools for
probabilistic analysis were described in last
year annual report. Thus, presently in PSA
Annual Report 2012 actual developments in
code calibration are described. In WP 2 on
the one hand the failure probability of rotor
blades of OWT due to fatigue and ultimate
loading is investigated. On the other hand
the wave-breaking probability is examined by means of laboratory experiments
in two- and three-dimensions to quantify
the scatter of the influence factors. Typical
soil conditions, ranges of pile properties and
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uncertainties are chosen in WP 3 to establish a general approach for modelling axial
pile resistance as a single random variable.
WP 4 deals with the foundation and support
structure of OWT. A monopile structure and
a jacket structure are implemented and reliability analyses are done for predefined
limit state functions. Extreme events are
investigated and statistical values of action
effects as well as transfer functions for the
structural behaviour are determined. By using methods like Preliminary Hazard Analysis and Fault Tree Analysis the risk factors
of the grouted joints during the application
process are searched for in WP 5. On the
basis of identified failure modes a laboratory testing facility has been developed, offering the possibility to study the effects of
the grouting procedure on the material characteristics and the formation of the grouted
joint. In WP 6 the mechanism of bearing
damages are achieved by early detection of
fatigue in rolling element bearings. Therefore, novel acceleration sensors and analysis
procedures are used. While there are done
experimental investigations in WP 6 analogical works are done in WP 7 by simulation. In WP 7 it is determined, in how far
the detection of faults in electrical machines
will be influenced by static or dynamic eccentricities. In the first part of WP 8 probabilistic models giving information about
the failure performance of the offshore grid
have been built. The second part contains an
approach of resonance analysis including
network reduction method.
All project partners are united by methods
and input data. Two workshops, with the active participation of representatives of business and certification, took place in Hanover in May and June 2012 to validate the
assumptions and previous work in the WPs.
During these events the target reliability and
critical limit states as well as developments
in certification and industry were discussed,
too. The results and findings from these discussions are taken into account in the individual work packages.

Summary
Finally, within PSB Annual Report 2012 (cf.
www.psb.uni-hannover.de) the assumptions
and aims for several examinations concerning the effects and resistances of OWT are
described.
Civil engineers deal with the action effects
of wind and sea state on the structure and
foundation. By analysis of numerical calculation and measurement data statistical
approaches for action effects and stresses
of the structural components are found. The
soil-foundation-interaction is examined as
well as dynamic load increasing. Even for
the soil parameters and the force transmission from the foundation into the sea bed
models based on probabilistic approaches
are specified. The investigations on the
overall structure are done together by several project partners. Action effects by wind
and sea state including the dynamical response are treated by transfer functions for
detected hot spots of the structure. Deemed
essential limit states are predefined and examined by FORM and Monte-Carlo Simulation. Multiple institutes work together to
solve these tasks. Step by step these tasks
are done and some results are found. Within
these examinations validated data were
used for practical application. For application process experimental investigations
and site inspections are done. Relevant failure mechanisms as well as possible consequences are examined and documented in
PSA Annual Report 2012.
Mechanical parts are tested using developed acceleration sensors. By experimental
investigation and interpretation of measurement data it shall be possible to detect
failures caused by fatigue in rolling bearing
elements earlier.
Simulations of the electrical parts of OWT
lead to declarations about the failure probability of single machines or grids and even
for the whole offshore wind park. Therefore, electrical engineers examine eccentricities and the electromagnetic air-gap field of
coils in single electrical machines with the
objective to dimension diagnostic systems
for winding faults, short-circuit faults or

rotor eccentricities. Lifetime assessments
of power semiconductor modules strongly
depend on the varying junction temperature. Suitable power characteristics were
found and implemented in a model of the
grid connection. For the whole wind park
disturbances of the grid equipment caused
by resonance frequencies are examined, too.
These resonance frequencies are excited by
harmonic currents or voltages and have a
negative impact on the grid equipment.
All in all researchers from three faculties
work together in the field of probabilistic
assessment of OWT. Partially, similar methods are used to solve quite different questions.
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Introduction
When planning and erecting an offshore
wind turbine (OWT) one of the biggest
cost factors, compared to onshore WT, is
the support structure. These higher costs
may be reduced by increasing the knowledge of several key factors as there are for
example soil conditions and behaviour or
dynamic loads from waves. In particular
this aspect becomes more important due
to the fact that thousands of OWTs are
planned in the North and Baltic Sea. Since
2001 the research group GIGAWIND is
engaged in optimizing support structures
for planned offshore wind turbines. The
research project GIGAWIND alpha ventus
tied in with its parent projects GIGAWIND

and GIGAWINDplus. The methods created and validated on offshore structures
like the FINO1 research platform have now
been transferred to real OWT. Additionally, one focus has been the integration of
these methods into one modular simulation
and design framework.This project for the
first time aims at the sustained long term
provisioning of reliable measurement data
of large gears for wind turbines. This will
enable the wind energy industry to increase
the operational availability of wind turbines
and it will decrease the identifiable costs.

Project description
Priority objective of this project has been
the reduction of the cost for OWT support
structures. The project can be divided into
sub topics like loads, durability and foundations. Since mid of 2010 first data from
the test field alpha ventus is available and
has been used within the work packages.
In total, eight packages have been formed
within GIGAWIND alpha ventus:
Load modelling
This subproject is focused on three tasks,
primarily on the estimation of load coefficients for the calculation of wave loads
on OWT structures, secondarily on the correlation of wind and wave action at the alpha ventus test site, and finally on extreme
load estimations due to breaking waves.
The coefficients for the wave load calculation, using the Morison approach, scatter
in literature. Therefore model tests on the
tripod structure with non-breaking waves
have been performed in the large wave
flume since 2010. The tested cases with
various sea state parameters are currently
investigated to reveal more specific Cd and
CM coefficients for load calculations on

offshore foundation tripod structures. The
evaluated data from water pressure sensors, installed on a tripod structure (Fig. 1,
left) of test site alpha ventus, has delivered
circumferential pressure distributions (Fig.
1, top right), from which time dependent
loads can be derived (Fig. 1, bottom right).
The experimentally identified load distributions have been compared to calculated
values. For the second task the collected
data at the FINO 1 platform has been used
to correlate the wind and wave load development at the test field. The wave direction
and characteristic sea state parameters have
been investigated in regard to the changing
wind direction and intensity. The third task
focuses on breaking waves and their local
pressure development on the foundation
structure. Model tests and numerical simulations have been used to further increase
knowledge about the intensity and location of peak pressures and thus total forces
on offshore foundation structures. Results
from laboratory experiments show local
peak pressures up to 10 times in regard to
the stagnation pressure in the area of the
hitting wave crest.
Manufacturing aspects
The currently applied structural and fatigue
assessment of support structures for OWT
is based on common design rules, which
treat structures as unique. This means
that varying aspects of material qualities,
manufacturing and loading are considered
by high safety factors which may result in
conservatively designed, heavy and expensive structures. Focussing on the influence
of manufacturing aspects, parameters like
geometry tolerances and aspects of welding like distortions were measured during
the manufacturing in order to get more
information about their development during the production process and their influ-

25

Annual Report 2012

ence on fatigue critical stress concentration
at welded nodes. After analysing different
measurement techniques, terrestrial laser
scanning and tachymetry were favoured as
fast and most practicable. Both techniques
were applied during two separate field campaigns. The results successfully detected by
laser scanning and tachymetry have been
adopted for numerical models. A monitoring system (prototype), measuring the relative displacements between pile and sleeve
in grouted joints under realistic load conditions, has been developed (Fig. 2). A rigid,
magnetically to both pile and sleeve connected measuring construction transfers the
relative displacements into the measuring
box (Fig. 2, top). Measurements gained at
test site alpha ventus have been evaluated.
Measured loads, wind and strain data were
compared with relative displacements in order to examine and evaluate the plausibility
and feasibility of this measurement system.

Figure 1: Tripod structure at test site alpha ventus with water pressure sensors (left), evaluated circumferential
pressure distributions (top right) and derived time dependent loads (bottom right)

Corrosion protection
Installed test coupons (tripod, test site “alpha ventus”) have been visually inspected
in April 2011. After a strong winter, no
damage was observed on the mortar surface in the “splash zone”. On the other
hand, in the underwater-zone intense marine fouling was identified. Furthermore,
production techniques for the mortar layer
have been developed and the filling procedure has been tested on small-scaled
components. First results from laboratory
tests show good characteristics concerning
stability against sedimentation (2.8 m at
diameter of 7.0 cm) and self-levelling (1.0
m at diameter of 70.0 cm). Moreover, laboratory tests with the aim of optimizing the
mortar composition have been performed.
It is already proved that the resistance
against water and chloride penetration can
be increased by addition of polymer dispersions.
Global and local monitoring of support
structures
During the design process of an OWT support structure numerous assumptions on
the resistance and impact side are made.
Hence, exact influences on the load bearing behaviour are unknown. As a result it
is very important to monitor the structures

Figure 2: Development, production and assembly of measuring box
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state. If the actual state of the structure can
be predicted by measured data, the time
between maintenance intervals could be
customized and damages could be detected
at an early state to reduce the service costs.
For damage detection, the MultiparameterEigenvalue Problem (MEP) is used in GIGAWIND alphe ventus (Cottin 2001). It is
based on a mathematical model in combination with modal properties from measured data. In a first step, the mathematical
model is updated with the extracted modal
properties. Changes in modal properties
can be traced back to structural damage.
The MEP calculates changes in stiffness
from changes in the modal parameters. It is
necessarily required to evaluate data over
a long time span, since modal properties
do not only change due to damage but also
due to surrounding conditions. The huge
amount of data necessitates an automated
selection by global parameters as wind or
rotor speed. Modal properties calculated
from these data sets build the basis for
damage detection. The basic functional capability and its extension to an automatic
identification of changes in local stiffnesses have been proved for two onshore WTC
so far. Artifical damage could be detected,
localized and quantified. Further, in order
to show the applicability of the MEP for
damages of different sizes and for different
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locations, additional laboratory tests with
damaged structures are needed. To estimate
the different states for an OWEA in alpha
ventus, acceleration data from two dozen
sensors has been evaluated over a time
span of more than one year. Modal parameters and residues have been extracted to
build a base line for the classification and
later damage detection. After damage detection the remaining bearing strength has
to be determined from these parameters.
Scour protection and scour monitoring
Within the work package investigations on
scour and scour protection systems around
complex foundation structures and esp. the
tripod foundation have been carried out by
means of 1:40 and 1:12 small- and largescale physical model tests in wave flumes
as well as further investigations by means
of numerical simulations using CFD code.
Regarding the scour process itself it can
be stated that the characteristics of the local and global scour development around
the tripod, described by depths and extent,
are directly influenced by the load parameters and the orientation of the structure,
i.e. turning angle in reference to the main
load direction. Scour does not only occur
directly at the piles as it is well known for
monopile foundations, but also in the nearfield and esp. beneath the main column of

the tripod, in the latter case reaching much
higher scour depths than around the single
foundation piles. This influence of the local and global changing bed surface on the
soil-mechanical bed characteristics has to
be considered when regarding the stability of the soil and the foundation structure.
A comparison between large-scale model
tests and in-situ measurements of scours in
the alpha ventus test site has shown that the
scour pattern could qualitatively be well
reproduced in the experiments. Nevertheless, scour depths in the experiments were
lower due to restrictions in the wave flume
model setups. Therefore, direct influences
of the load parameters, i.e. multidirectional
waves, tideinduced current flow and a
combination of both as well as structural
parameters leading to enhanced scour are
further investigated during the current period by means of numerical simulations
using CFD code. Locations of enhanced
scour threat at the structures can for example be identified regarding bed shear stress
amplification factors, exemplarily given in
Fig. 2. Furthermore, a sediment transport
formulation has been implemented in the
numerical code, which is used to directly
calculate time-dependent scour depths and
extends influenced by above mentioned
factors.

Figure: 3: Development of scour - (left): Results from physical model, scale 1:12, JONSWAP spectrum: d = 2,5 m, Hs = 0,72 m; Tp = 5,52 s (Source: Franzius Institute,
Hannover); - (right): results from prototyp (1:1) at test site alpha ventus, multi beam survey April 2010, 1x1 m, uncorrected values (Source: Lambers-Huesmann & Zeiler, BSH)
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Modelling the behaviour of driven offshore piles
Tripod and jacket foundation structures are
fixed to the seabed by three or four long
steel pipe piles located at the corners of
the foundation structure’s footprint. The
design comprises pile driving analyses,
analysis of bending stresses with respect
to extreme load and fatigue limit states,
proof of sufficient horizontal and axial
pile capacity and consideration of horizontal and axial pile displacements. Cyclic behaviour of axially loaded piles is
an important issue, since the capability of
transferring skin friction into the ground
is highly dependent on the level and the
number of load cycles. Under cyclic axial
loads, degradation of ultimate skin friction
and, with that, a decrease of the pile capacity is to be expected. The main reason for
that is a compaction of the soil beneath the
pile shaft due to cyclic shearing, which
leads to a reduction of the normal contact stresses acting between pile and soil.
In a model proposed by Richter & Kirsch
(2010), compaction occurs up to a distance
at which a threshold value of cyclic shear

stress in the soil is reached. The calculation
bases on the results of cyclic simple shear
tests, in which the volume compactions
due to cyclic shearing are measured. This
analytical approach was implemented in a
newly developed calculation method based
on numerical simulations. In a first calculation stage, the cyclic shear strains in the
soil have been determined. Dependent on
the number of cycles, the volume contractions for each element have been calculated and applied to the numerical model. The
result is capacity degradation dependent on
the magnitude of the applied load and the
number of cycles (Fig. 4).
Automated validation of numerical
modells
A well-adjusted, parametric structural
model is an important basis for numerous
applications throughout the whole design
process of an OWT. Such a model is a
requirement for precise numerical simulations and optimization of the design of a
support structure for OWTs. Measured insitu data support the process of modelling.
Algorithms for both, automated system

identification with auto-regressive (AR)
models (ARSYS) and for the automated
validation of numerical models (ValiTool)
have been developed and implemented
in Matlab. Measured data from an OWT
within the test site alpha ventus was used
for system identification. An advantage
of the identification method (AR-method)
is the fact that frequencies can be taken
directly from analytical formulas rather
than from discrete spectra (peak picking).
Furthermore only a smaller number of
data points is needed. Here, the first four
modes could be identified using ARSYS.
Consecutively a numerical model was updated with these identified values. One can
choose between six different optimization
algorithms within ValiTool, the behaviour
of these algorithms has been analyzed during the last year (Haake 2010). Identification and model validation with data from
alpha ventus test site has continued, taking
construction data into account. Within this
scope soil stiffnesses as well as dynamic
relevant water masses have turned out to
be suitable validation parameters.

Figure 4: - (left): Reduction of skin friction under tensile loads for a test pile (D=2.50m , L=25.0m); - (right):stress distribution in the soil
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Holistic design concept
For dimensioning and optimizing OWT a
design framework called DeSiO (Design
and Simulation Framework for Offshore
Wind Turbines) has been developed within
GIGAWIND alpha ventus. Hereby, the results of the research done in the fields of
the design aspects like hydrodynamics,
wave loads, lifetime analysis, corrosion
protection, structural health monitoring,
scour protection, soil modelling as well
as model validation using measurement
data have been considered. Hence, DeSiO
provides the user with a collection of interfaces in order to control and to link different commercial and non-commercial simulation tools. For a successful deployment
of the structural finite element (FE) code
within DeSiO, the programs Poseidon and
Waveload have been verified within the
project Offshore Code Comparison Collaboration Continuation (OC4). During
this project a reference support structure
(tower and UpWind-Jacket) was used. As a
reference turbine the NREL 5MW Baseline
Turbine was applied for the turbine model.
The first part of the verification consisted
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of a modal analysis of the OWT. Secondly,
several load cases were analyzed taking
into account a rigid or flexible rotor-nacelle-assembly (RNA) in combination with
several wind and wave conditions.Moreover, the environmental aspects like marine
growth, buoyancy, and hydrodynamic added mass were considered. It was achieved
to link the single tools, developed in the
aforementioned work packages, to the
holistic simulation environment. This applies for the MBS-based software Adams
(combined with FAST and Aerodyn), and
for the coupled simulation, the FE-based
program Poseidon with the Flex5 (Version
REpower), too. Thus holistic simulations
can be performed. Fig. 5 gives an overview
of DeSiO’s structure and the coupling of its
elements. To ensure an easy handling while
evaluating or validating numerical results a
validation module is being developed.

Summary
In spring 2012 the research group GIGAWIND finished its third research project
in succession. Primary goals of the joint research project are the reduction of material,
production and maintenance costs as well
as the reduction of development expenses
due to more efficient design processes of
OWT support structures.
During its first half, the project GIGAWIND alpha ventus was dominated by
construction activities in the test site alpha
ventus and the involved installation of
wide sensor systems at OWT of type AREVA M5000 and REpower 5M. In 2010 first
measuring data of AREVA M5000 could be
provided within the alpha ventus research
archives; since March 2011 first measuring
data sets of REpower 5M were available,
too. Moreover, construction data of a tripod support structure have been delivered
to Leibniz Universität Hannover by the
end of 2010. During the second phase of
the project (2011 to 2012) wide evaluations
of measurement data followed, providing
the basis for the calibration, validation
and inspection of different mathematical
models, procedures and prototypes in each
subproject.

Fig. 5: Design and Simulation Framework for Offshore Wind Turbines (DeSiO) – overview of structure and implemented tools
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Introduction
Offshore wind energy is one of the most
promising technologies in the renewable
energy sector. Due to the use of driven piles
the installation of current foundation structures is associated with significant noise
emissions which sometimes exceed the
limits made by the Federal Maritime and
Hydrographic Agency (BSH). The installation process of suction bucket foundations
is relatively quiet, because no pile driving
is required. The suction bucket foundation
consists essentially of a steel structure in
form of an inverted bucket and its bearing
behaviour may be considered as a combination of a gravity foundation and a monopile.
Although suction-installed bucket foundations are being used since many years for
a wide variety of offshore applications, the
suction bucket foundation for the offshore
wind energy converters is relatively new.

Project Description
In the cooperative project "WindBucket"
between the University of Hannover (represented by IfB, IGtH, IFMA, IfS, ISD),
the engineering company Overdick and
the Fraunhofer Institute for Wind Energy
and Energy System Technology, the design of the suction bucket foundation for
offshore wind turbines will be investigated. The overall goal of this project is
to assess the feasibility of the application
and limitations as well as the development
of the guidelines for the planning, design
and construction of suction bucket foundations made of steel and reinforced concrete
in German offshore areas, in compliance
with environmental and economic aspects.
This project is funded by the Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU) and was
started in summer 2012 with a period of
two years.
In this cooperative project the structural
design with transportation and installation concept will be developed based on
an ecological and an economic perspective. Installation and operating conditions
are examined with particular emphasis on
soil-structure interaction. The use of alternative materials and design codes will be
analyzed. Different numerical models will
be developed and implemented.
In the joint project, Institute for Geotechnical Engineering (IGtH) (as a coordinator)
takes over the task of developing a geotechnical design concept, which should cover
the following aspects:
• Proof for the installation process (allowable suction depending on the depth of
penetration, prediction of the range of
penetration resistance),
• Proof of bearing capacity taking the degradation of stiffness under cyclic loading
into consideration,

• Analysis of the system stiffness under
operating loads to comply with the required natural frequency of the whole
system,
• Check the maximum allowable deformation according to the regulations.
The design concept to be developed should
include the previous proofs and also take
the special requirements of the German licensing authority (BSH) into account. Subject of the investigation should be both the
Monopod foundation (i.e. the construction
of the wind turbine tower on a single bucket
with a large diameter) and the supporting
structures carried on multiple buckets.
The task of Institute for Structural Dynamics (ISD) is the calculation of the dynamic
behavior of the supporting structure of
OWT under construction and at operational
state under the action of wind, waves and
operating loads. To reach this goal, parametric models of the whole structure are
developed considering the dynamic soilstructure interaction in detail and a realistic
description of damping phenomena. Sensitivity analyses will be performed in a second step, followed by parametric studies for
different construction types.
With this approach, a significant advance
in the development of the necessary scientific and technical basis for the planning and
design of suction buckets under static and
dynamic loads should be achieved. As a result of the work package verified simulation
models will be developed as basis for
• optimization and development of design
procedure for suction buckets and support structure,
• the design under dynamic loads and
• the certification.
From the results of this work package preliminary recommendations for appropriate
construction methods and for the develop-
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ment of design guidelines are derived. The
aim of the work package of Institute for
Steel Construction (IfS) is to develop a recommendation and guidelines for design and
verification for suction buckets based on the
fatigue analysis and buckling investigation
using finite element models. The tasks comprise the following:

etry the Institute of Concrete Construction
(IfMa) determines useful dimensions of
a reinforced or prestressed concrete construction. In addition to ultimate and serviceability limit states the investigations of
the structural design also include boundary
conditions resulting from the manufacturing process. The related tasks are:

• Identification of the critical check locations under fatigue loading and performing the required verification taking the
local geometry and state of stresses into
consideration,
• Calculation of buckling resistance and
buckling shape during the installation
process, taking into account the real
boundary conditions,
• Summarizing the findings and recommendations for optimized design and
verification process.

• Determination of a basic geometry
• Definition of limit states resulting from
manufacturing
• Determination of practicable dimensions
for concrete suction buckets (Cross-section design)
• Determination of the overall structure
• Analyses of structural details

The aim of the work packages of Institute
for Building Materials Science (IfB) is to
discuss the possible alternatives in concrete and composite materials for bucket
foundations and identify the advantages
and disadvantages of the respective design
alternatives. The global design concept will
be discussed and evaluated taking the manufacturing techniques, transportation and
assembly facilities including logistics and
manufacturing costs into consideration. The
following tasks have to be performed here:
• Discussion of concepts for alternative
construction methods for the production of suction bucket foundations for
OWECs.
• Verification of feasibility studies on novel/innovative bucket designs in consultation with the other partners in the context
of technical criteria and manufacturing
compared with conventional steel construction of suction buckets.
• Based on the existing experience in the
production and supervision of offshore
grout connections, different concepts for
monitoring and control systems have to
be developed.
The aim of the last work package is a practicable design of a concrete suction bucket.
Based on the initial steel bucket geom-

Summary
The goals and work packages of the R&D
project "WindBucket" are described in this
report. The goal of the project is to assess
the feasibility of the suction bucket as a
foundation for offshore wind energy converters since experiences in this field are
still missing.
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economic design is difficult. Influences of
material specific installation requirements
are currently not considered in established
offshore guidelines.

Project Description

Introduction

The research project GROWup, funded by
the German Federal Ministry of the Environ-ment, Nature Conservation and Nuclear
Safety (BMU) (funding code: 0325290),
focuses on the design and installation of
grouted joints in lattice support structures.
Within GROWup, the fatigue behaviour of
large-scale tube-to-tube connections with
large grout thicknesses as well as influences of different grout materials and water
will be investigated. Furthermore, pumping techniques of different grout materials
under harsh offshore conditions will be examined. The combination of all aspects will
lead to a holistic design.

Most of the German offshore wind farms
(OWFs) in North and Baltic Sea are located
in water depths larger than 30 m. With increasing water depths latticed steel support
structures like tripod or jackets are preferably installed. The connection between
foundation pile and latticed substructure is
realized by a grouted joint. With this tubeto-tube connection, inclinations or eccentricities from the installation process of the
foundation piles can be compensated. Due
to large water depths, different installation
techniques for the foundation piles have
been developed (pre- or post-piled), leading to an increased required grout gap of the
hybrid joint compared to Monopiles. Considering a service time of 20 to 25 years,
all components including the grouted joints
have to be designed for dynamic loadings
from wind and wave actions. Due to missing design guidelines for grouted joints with
large grout gap thicknesses, a reliable and

Fatigue tests on axially loaded
small- and large-scale grouted joints
Available design approaches for the ultimate limit state of axially loaded grouted
joints are based on experimental results
from the 1970s and 80s considering comparable small grout annulus and significantly
smaller slenderness ratios. Additionally,
only a few number of fatigue tests on axially loaded grouted joints have been performed in the past, none of them included
large grout thicknesses. Hence, the research
project investigates the axial fatigue performance of grouted joints. The influence
of different grout thicknesses, grout materials and shear key settings are examined in
large-scale tests (fig. 1). The specimen size
for the large-scale tests was defined following real dimensions of grouted joints in lattice structures in a scale of ~1:2 and ~1:4.
Two different materials are going to be
tested, initially with a compressive strength

Funded by the Federal Ministry for the
Environment, Nature Conservation and
Nuclear Safety (BMU), Ref.Nr.: 0325290
Duration:June 1st 2011 - May 31st 2014

fcu = 140 MPa and secondly with a grout
strength in the lower range of typical offshore grouts with fcu = 90 MPa. Two different grout layer thicknesses are installed in
the test specimen, one reflecting a pre-piled
connection with a grout layer of ~184 mm
and the other reflecting a post-piled connection with a grout layer of ~82 mm. The steel
tubes are equipped with five shear key pairs
in the centre of the connection. The test procedure for the large-scale experiments was
established in relation to real load situations
of grouted connections in latticed structures which are mainly affected by cyclic
axial loads. The test program consists of
six load levels revealing a progressive increase of the maximum load and including a
fully reversal loading (R=-1) followed by a
compression-compression loading (R=0) at
a frequency of 1 Hz. First numerical results
on the failure behaviour of the test specimen are presented in [1].
Small-scale tests are used to analyze the effect of different grout materials, water and
test frequencies. Therefore, cyclic compression tests are conducted under dry and wet
boundary conditions with varying maximum loads and frequencies. The contact
surface conditions between grout and steel
are investigated by means of roughness
measurements and microscope analysis.
First results considering the effect of water,
test frequency and surface roughness can be
taken from [2].
Pumping tests
The manufacturing and casting procedure
for grouted joints offshore will be investigated in a separate working package (WP).
Procedures adapted as test methods within
this WP will be developed to prove the usability of different grout materials. A key
aspect of the investigations is to visualise
the filling process, as there are practically
no possibilities of control or inspection use-
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Hereby, a directly visible access to the filling process in such geometries is given,
contrary to real offshore projects.
An adequate number of specimens distributed over the hardened grout wall body
will be extracted and investigated by using
a special developed tilting device for the
formwork.
During the project, the influences of the material properties, such as flowability, stability against segregation and time-dependant
stiffening behaviour, will be investigated
and taken into account as recommendations
for grouting operations in OWEC.

Figure 1: Grouted joint specimen and testing machine (left and right); mechanically cleaned surface of the sleeve
with five shear keys (center bottom) and grout filled annulus of the first test specimen (center top).

Summary
The BMU-research project GROWup focuses on the design and installation of grouted
joints with large grout thickness in latticed
support structures. The financial support by
the Federal Ministry for the Environment,
Nature Conservation as well as the support
by Fraunhofer IWES, Germanischer Lloyd,
REpower Systems SE, RWE Innogy and
Strabag Offshore is kindly acknowledged.
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Figure 2: Large-scale pump test facility for realistic filling processes

able on-site. A consistent basis to appraise
the offshore suitability of three materials
will be provided by this test program, including realistic filling tests. The essential
parameters, such as the mixing technique,
placing technology, construction, compression, time, flowability, and stability
against segregation, will be considered on
a large-scale level of approx. 1:1.
Furthermore, a newly developed laboratory
testing facility [3] will be added and the first

test results [4] will be checked and calibrated during the large-scale filling tests.
The large-scale test facility (Fig. 2) for filling processes is based on a straight formwork which is able to represent significant geometries and typical load-bearing
elements, such as shear keys of grouted
joints for Offshore Wind Energy Converters (OWEC). Transparent formwork panels were used to increase the possibility of
visual inspection during the filling process.
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Introduction
Numerous offshore wind farms are planned,
already granted, or currently under construction within Germany's exclusive economic zone (EEZ). Usually, the foundation
of the wind turbines are planted by pile
driving, e.g. for monopile, tripile, tripod
constructions.
This technique induces underwater noise,
which can be measured in distances of 20
km and more to the construction site. In the
near surroundings of the pile, sound energy
levels often exceed the present limit values
prescribed by the German authorities to
protect marine mammals, which are a single event sound pressure level (SEL) of 160
dB re 1 μPa and at a maximum peak level
(Lpeak) of 190 dB re 1 μPa in a distance of
750 m to the pile. Therefore, various sounddamping techniques are currently in development or in field trial.

Project description
The global target of BORA is to develop
a profound calculation model to predict
waterborne noise due to offshore pile driving. This includes especially models to predict the sound development at the source
due to pile deformation and vibration, the
sound transmission into water and soil and
the consideration of the sound attenuation
due to the air-water mixture produced by
bubble curtains or due to other noise mitigation methods.
An important step when developing such
models is the thorough validation of the approaches regarding their ability to accurately account for the sound origination at the
pile, the transmission into water and soil,
and the sound attenuation due to possible
mitigation measures. For this purpose, three
extensive offshore measurement campaigns
will be performed in different wind farms in
the German North Sea.
After validation, the detailed simulation
model will be adapted to other offshore
structures with different boundary conditions. Due to the complexity of the resulting
simulation model and the necessary access
to substantial computing capacities and
specialist simulation software, this model
can only be executed by experts in the field
of numerical simulation. Therefore an additional stand-alone expert system will be
developed, which will enable third party users to calculate basic noise predictions for
offshore pile driving. Finally, standard datasets will be compiled to allow for a review
of future computation models.
The project is organized in four work packages, each of them dealing with a specific subdomain of the wave propagation
problem, that will be solved by one of the
project partners. Each of the work packages
includes profound documentation work and
the publication of the major results.

WP 1:
TUHH/GBT will describe the pile deformation and thus the vibration on the pile surface which causes the hydroacoustic input
into the water column. Furthermore, the
near field of the structure-borne sound will
be modelled.
WP 2:
CAU/IfG will investigate the structure of
the subsurface. Additionally, the far field of
the structure-borne sound will be described.
WP 3:
LUH/ISD will investigate the attenuating effect of different sound mitigation
measures and set up corresponding models, which can be included into the overall
sound propagation model. Thereby, an emphasis is on the complex bubble dynamics
and thus the functional principle of bubble
curtains.
WP 4:
TUHH/IMB will develop numerical models
for the propagation of the waterborne sound
in the near field as well as in the far field and
set up the overall model including source
and mitigation measures. The coupling of
all subdomain models will allow for the
creation of a complex integrated model,
which enables for a detailed investigation of
the resulting underwater sound due to pile
driving.

Summary
Within AP 3, reliable parametric numerical
models for the prognosis of the mitigation
effect of bubble curtains and further sound
attenuation concepts will be developed. To
reach this goal, the programming of suitable
finite elements is intended. Both the development and the optimization of the computational models will be performed using a
global approach and an implicit code. When
generating mathematical models for mitiga-
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Figure 1: Division of the wave propagation problem into specific subdomain models (Source: BORA)

tion concepts based on the principle of bubble curtains, interactions between single
bubbles have to be taken into account.
In a first step, a mathematical model for the
mitigation concept of the bubble curtain,
developed within a recently completed research project (Final report: see [3]), will
be upgraded, taking into account effects of
sound scattering and measured bubble size
distribution.
As a next step, the simulation models for
bubble curtains and typical further concepts
(see [1] and [2]) will be developed. Regarding the bubble curtain, results of numerical
studies simulating local interaction effects
of single bubbles will be taken into account.
The upgraded model of the previous work
package serves for verification.
After having accomplished modelling, the
simulation codes will be validated by data
gained from different offshore experiments,

in which underwater sound pressures for
several foundation types and distances will
have been detected. In the following and as
a result of the comparison with measurements, last model modifications might be
necessary.
The validated, sophisticated computational
models will be implemented into the overall
acoustic propagation model of TUHH/IMB.
During a next step, last model optimizations
can be performed, if required. Finally, sensitivity analyses for different boundary conditions and system properties of the single
mitigation concepts will be carried out.
Within the last phase of the project, LUH/
ISD will coordinate the compilation of an
expert system for estimating the pile driving
noise during OWT construction. All results
of the above mentioned sub work packages will be integrated into the underlying
knowledge base.
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Introduction
The construction of offshore wind energy
converters and voltage transformer platforms often requires the operation of highenergy pile driving equipment to mount the
support structure at the sea bed. Today it is
well known that underwater sound caused
by piling activities can seriously affect the
behaviour and physical health of marine
mammals. In order to minimize negative effects on the marine environment due to construction noise of projected offshore wind
energy converters it is necessary to have a
realistic forecast of the expected underwater sound exposures.
There have been several research projects
attending to underwater piling noise in the
past ([1], [2]). During these projects single
offshore construction projects like the erection of alpha ventus were investigated with
respect to underwater noise. The main attention was paid to acoustic measurements and
their consistent evaluation using the values
Leq, SEL and Lpeak. Considering the large
number of expected piling activities in the
German North Sea it will be indispensible

to look at cumulative effects as well as occasionally overlapping noise emissions to
evaluate the ecological relevance. Currently
there is no reliable forecast model available
to give an answer to the questions mentioned above. Furthermore there is the need
for a uniform mapping of the expected underwater noise immissions to allow for the
ecological evaluation during the approval
procedure of construction activities.
To this end a cooperation project between
the Institute of Structural Analysis (ISD),
the German Wind Energy Institute (DEWI)
as well as the German Federal Maritime
and Hydrographic Agency (BSH) was established. The project deals with the implementation of a forecast tool for underwater
noise immissions due to pile driving in the
German North Sea and the preparation of
uniform noise maps.

Project Description
Hydro-acoustic modelling
The numerical approach incorporates a coupling between the finite element method
(FEM) for the pile including the surrounding water/bottom-column and the parabolic
equation (PE) for the efficient calculation of

long-range propagation [3]. The results of
the FEM simulation are applied to the PE
algorithm at an artificial cylindrical coupling interface forming an envelope around
the pile. Fig. 1 shows the results of the FEM
as a contour plot as well as the complex
sound pressure on the coupling interface
(red line).
Within the present reporting period, the
main attention was paid to the coupling
procedure and the long-range propagation
calculation using the PE method. In shallow
water sound propagation like in the German Bight, the transmission loss is significantly influenced by the shape of the seabed (bathymetry) as well as its geoacoustic
properties like density, sound speed and
attenuation coefficient. In order to estimate
the relative role of the bathymetry, a numerical case study was conducted by introducing an artificial shallowness of finite length.
Fig. 2 exemplarily shows a scenario with
a maximum calculation length of 75 km
with an artificial sandbank ranging from
10 to 20 km. Within the region of the sandband, the water depth is assumed to be 15 m
whereas the rest of the domain exhibits a water depth of 30 m. It can be seen that the
transmission loss significantly increases if
the sandbank is included in the simulation.

Figure 1: FEM results and coupling interface (left); Complex sound pressure on the coupling interface (right)
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maps, the slice is stepwise rotated around
the center of the construction site. The
calculation method is thus referred to as a
Nx2D-calculation. The resulting set of N
vertical slices is mapped to horizontal layers, showing the transmission loss in different directions and depth. Fig. 3 (right)
shows an exemplary noise map for a construction site in the German Bight. The
right site of the figure shows the bathymetry. The noise map in connection with the
bathymetry again demonstrates the influence of shallow water near the coastline.

Figure 2: Numerical case studies based on the PE method; left: Flat bathymetry; right: Sandband of finite length

The example shows that it is necessary to
take the bathymetry into account, especially
when long-range propagation is considered.

Noise-Mapping
As shown above, the calculations based
on the PE method are performed in a 2D
vertical slice ranging from the coupling interface to the maximum range of computation. In order to generate horizontal noise

Long-Term Measurements
Another part of the project is formed by
the installation and operation of long-term
measurement stations in the North Sea.
One system located at the research platform FINO1 is already running, a second
system will be installed at FINO3. These
systems are used for a permanent recording of the acoustic pressure level. A third,
self-sustaining system based on a moored
buoy will be used for measurements at
temporary hot spots of piling noise.
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Introduction
Offshore renewable energy technologies
such as wave energy, tidal current and
offshore wind energy are emerging technologies with considerable perspectives
for future renewable energy supply. Along
the developing path to commercialization
these technologies require research to be
undertaken at a series of different scales
from small-scale models and laboratory investigations through to prototype scales and
open sea tests. Within the European Union
the full range of high class testing facilities
is available but still significant potential for
im-provement and acceleration of technical
development exists in terms of coordination
and structuring research activities as well as
lowering barriers for cross-border facility
access.

Project Description
The research project MaRINET, funded by
the 7th Framework Program of the European Commission (EC) (Grant agreement no.:
262552), brings together European marine
renewable energy test centres in order to advance marine renewables research and development at all scales. In total 28 partners
across 11 EU countries and Brazil are working together in order to elaborate standardized test procedures, perform joint research
activities and provide free-of-charge international access to high class marine testing facilities for qualified companies and
research groups. Even though the marine
renewable technologies wave, tidal current
and offshore wind energy are all at different stages of development, each technology
needs specific research infrastructures to facilitate and catalyze commercialisation. The
aim of the project is therefore to streamline
testing procedures for each technology and
linking together testing facilities at different scales. In order to avoid research duplication and facilitate knowledge transfer,
communication and coordination between
organisations is improved, leading to a faster development. Furthermore, within the
framework of a transnational access program, the EC funding enables companies
and research groups from outside the consortium to apply for free entry to MaRINET
infrastructure facilities in order to utilize
unique testing abilities which do not exist in
their home state.
Within the MaRINET consortium five
ForWind research institutes participate together with the Coastal Research Centre
(Forschungszentrum Küste – FZK) under
the head of Leibniz University Hannover.
With its expertise in large-scale wave flume
tests, the Costal Research Centre mainly
contributes to the collaborative work of the
consortium in the fields of wave and tidal
current energy. Meanwhile, the ForWind
group focuses on research and networking
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activities with respect to offshore wind energy conversion systems. Nevertheless, the
infrastructure network provides an excellent opportunity to expand existing knowhow in the field of offshore wind energy by
knowledge on other maritim technologies
on an international level.
In the framework of international networking activities the ForWind group coordinates the subtask on standardisation of
offshore wind energy testing practices. In
a collaboration of six distinguished European research organisations, investigations
on the development of harmonized testing
procedures for offshore wind systems are
performed. The task aims for identification of applicable instrumentation and data
processing methods as well as for the development of scaling factors in order to quantify the full scale offshore performance. With
their wide experience is investigations on
the full range of structural components and
decisive design aspects of offshore wind
turbine support structures, the involved ForWind institutes are elaborating recommendations for experimental testing procedures.
The work covers the development of experimental testing concepts for foundations under static and cyclic loading, investigations
on scour and scour protection as well as
small- and medium-scale tests of structural
details like welded or bolted joints in offshore wind turbines. Among others, specific
attention is directed to the construction of
physical models, adoptable instrumentation
and data analysis methodology.
In addition to standardisation procedures,
the ForWind group is involved in experimental research activities performed jointly
with other project partners. In this context
experimental investigations will be realized in testing facilities in Hannover under
responsibility of the involved ForWind institutes. The experiments, which are currently in the developing phase, are planned
with the aim to provide further insights in
the subjects of displacement measurement
systems between pile and sleeve of grouted
joints (cf. Fig. 1) as well as global structural-health-monitoring methods (SHM) based
on acceleration measurements.

Prototype of the
Measurement System

Virtual Model

Fixation
Toggle
Sliding Sleeves
Quick-Release
Lateral Plates
(Temporarily )

Switchable
Magnets

Figure 1. Prototype of the pile-sleeve measurement system tested in the offshore test field
alpha ventus
(left: test bench, right: virtual model) [1]

For the experiments a small-scale model
(~1:50) of an offshore wind turbine is
planned which includes tripile foundation,
tower and rotor blades. During the planning phase, special attention will be given
to a realistic mass and stiffness distribution,
to the application of specific damages for
validation of the SHM approach and to the
application of a down-scaled displacement
measuring system for grouted joints. In a
first experimental phase investigations will
be carried out in the laboratory under well
defined boundary conditions. During the
second stage the model will be placed in a
wave channel for validation of methods and
measurement systems under more realistic
boundary conditions, cf. [2].

Summary
To improve the technical development
process of marine renewable energy technologies, such as wave, tidal current and
offshore wind energy, coordination and
structuring of European research activities
is needed. Within the MaRINET project
ForWind research institutes participate in

a consortium of 28 distinguished international research organisations and ambitiously contribute to the development of
harmonized testing procedures as well
as joint research activities in the field of
structural analysis and monitoring of offshore wind turbine support structures.
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Introduction
For future multi-megawatt wind energy
converters (WEC) in large-scale offshore
wind farms new and advanced control
strategies are required. Dynamic wind
loads have to be reduced efficiently and
with minimal controller operation, in order
to deliver electricity to the grid in an optimized way. Already small deviations from
normal operation have to be detected using new instruments – namely lidar – and
adapted control strategies.

• How can nacelle-based wind measurements be utilised for predictive turbine
control facilitating gust compensation
and optimization of energy yield?

Project Description
Up to now the implementation of these visions suffers from fundamental obstacles,
despite the progress in many fields of wind
energy technology. Large uncertainties
due to the complex inflow within the rotor
area influence the control and operation of
wind energy converters. This problem becomes even more serious with growing rotor diameters beyond 120 m. Current control concepts can only react to wind field
fluctuations which have already caused
changes in rotational speed or loads. When

evaluating the averaged or instantaneous
power production, it is unclear from which
exact wind conditions they have been obtained. Thus, a precise performance analysis is impossible.
The current project LIDAR II focuses on
the following topics, which are considered
crucial for the vision of a future "intelligent
offshore wind turbine":
1. Prototype of a robust and cost-efficient lidar
for nacelle-mounted application on WEC,
which is suitable for industrialisation.
2. Methods to determine the power performance of a WEC using a nacelle-based lidar
for inhomogeneous inflow in wind farms,
which are common operating conditions in
contrast to the idealized conditions according to IEC 61400-12-1.

From these general considerations, the following main research topics of the RAVELIDAR II project have been developed:
• How can a robust and cost-efficient
nacelle-based lidar system be demonstrated for power performance measurement and control of wind turbines?
• How can the power performance of
wind turbines inside wind farms be
assessed and monitored using nacellebased lidar wind measurements?

Figure 1: Sketch of the measurement principle of the robust Doppler wind lidar, integrated into the spinner of
a wind turbine. The lidar is mounted at a fixed angle against the axis of rotation. This allows the laser beam to
scan the wind field on a cone surface in multiple distances from the turbine, utilizing only the rotation of the
turbine’s rotor. Measured wind speeds are color-coded, where red means higher and green and blue indicates
lower wind speeds, respectively.

41

Annual Report 2012

3. Procedures for monitoring the Langevin
power characteristic using the robust lidar.
4. Control strategies for optimization of power performance and reduction of loads, using nacelle-based lidar measurements.
These components shall be developed and
tested with the help of diagnostic equipment which is already installed in the offshore test field alpha ventus.

Summary
The project RAVE-LIDAR II continues the
successful work of the completed RAVELIDAR project and aims at results which
can directly be utilised for the development
of cost-efficient large-scale wind energy

converters. The offshore test field "alpha
ventus" serves as an ideal testing opportunity for lidar development as well as for
new control and monitoring strategies. The
co-operation with turbine manufacturers
ensures the relevance for future industrial
utilisation.

In 2012, the work at ForWind – University
of Oldenburg focused on the first topic,
namely the development of a robust and
cost-efficient wind lidar for integration into
current and future wind energy converters.
After the definition of the measurement
principle and the important design parameters, substantial progress was achieved also
in the development of hard- and software.
Whirlwind 1 – the new robust lidar – has
been realised in 2012 as a prototype for
testing in laboratory conditions. The design of the instrument is compact and ruggedized, and meets high requirements for
operation in harsh environments such as
an integration into the rotating spinner of a
wind turbine. This configuration results directly in a scanning operation, thus avoiding the use of a dedicated scanner or other
moving mechanical parts. Wind vector
data are measured remotely over distances
of 200 to 800 m, depending on atmospheric
visibility conditions. The measuring range
of wind speeds is up to 80 m/s with a 0.1
m/s resolution.

Figure 2: Schema of the robust Doppler wind lidar for integration into the spinner of wind turbines.
The dimensions are approximately 500 x 450 x 450 mm3.

Based on ruggedized embedded technology
the instrument provides reliable long-term
measurements of wind profiles to identify
already small deviations from normal operation and to adapted control strategies for
wind energy converter operation.
The development of electronic and optical
components has been nearly completed by
end of year 2012. For a cost reduction of
the instrument several commercially available elements of the laser shall be replaced
by new in-house developments in early
2013. First test operations in a wind turbine
of project partner AREVA are in preparation and shall be performed in early 2013.

Figure 3: Preliminary layout of the lidar control window, showing the time series of the backscatter
signal return (top), the signal spectrum at a selected distance (centre), and a time series of the wind
speed along the line of sight (below)
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IEA Wind Annex 32 Lidar:
Wind Lidar Systems for Wind Energy Deployment
Carl von Ossietzky Universität Oldenburg,
Institute of Physics, Research Group Wind
Energy Systems (coordination)
Contact: Martin Kühn, Juan José Trujillo
Partners:
35 institutions from 10 countries (Belgium, Canada, China, Denmark, France,
Germany, Israel, Japan, Netherlands,
Norway, Switzerland, United Kingdom,
United States)

to the Executive Committee of IEA Wind
(ExCo) to start a new project intended to
disseminate the state of the art knowledge
concerning the application of lidars for
wind energy. The same year in autumn, the
ExCo officially approved the proposal and
start the 32nd IEA Wind Annex "Wind lidar
systems for wind energy deployment".

Funding: IEA Wind, Annex 32

Project Scope

Duration: May 1st 2012 - April 30th 2015

The main objective of the new Annex is the
publication of, experimentally tested, recommended practices for wind lidar measurements. This should build up based on
the joint experience of the participants. The
recommendations will be benchmarked
with measured data collected at various
meteorological and lidar operational conditions. The selected data are mutually
shared by the participants.

Introduction
The International Energy Agency (IEA)
Wind agreement (full name: International
Energy Agency Implementing Agreement
for Co-operation in the Research, Development, and Deployment of Wind Energy
Systems) is a vehicle for member countries
and organisations to exchange information
on the planning and execution of national
large-scale wind system projects and to undertake co-operative research and development (R&D) projects called Tasks or Annexes. Currently there are 25 contracting
parties to this agreement. The contracting
parties are designated by the 20 Member
Countries, the European Commission, the
Chinese Wind Energy Association, and
the European Wind Energy Association.
The IEA Wind Agreement sponsors cooperative research tasks and provides a forum
for international discussion of research and
development issues. In general only the coordinating activities of IEA Wind tasks are
funded by contributions collected from the
participants while each participants bares
its own cost for its work contribution.
In spring 2011 ForWind – University of
Oldenburg proposed together with the Danish Technical University (DTU) Wind Energy and the Endowed Chair of Wind Energy (SWE) at the University of Stuttgart

The expected outcome is the formulation
of guidelines and expert reports dealing
with the evaluation of performance of different systems applied in different selected
areas. The planned IEA Recommended
Practices (RP) are supposed to complement recent documents available in regards
to other applications of wind lidar systems
including the IEC 61400-12-1 Annex L on
power curve measurement.
The RPs are planned to be published in two
parts during the three years course of the
Annex. The first part focuses on the standard procedures that ensure the best precision of lidar and sodar measurements for
ressource assassment in flat terrain, while
the second part dedicates to issues of measurement with lidars in complex terrain and
for turbine assessment. The first part has
been initiated in the scope of IEA Wind
Annex 11 and the participants of Annex
32 supported the finalization of that document during the first year of work. The
final document IEA Wind RP 15 "Ground-

based vertically-profiling remote sensing
for wind resource assessment" has reached
its last stage for approval by the Executive
Committee of the IEA Wind. The publication will bi publisherd at the beginning of
2013.
The work packages of Annex 32 aiming
at the evaluation of present measurement
procedures and formulation of the second
part of the Recommended Practices on
lidars have been defined during 2012. The
main topics of interest will be the use of
lidar for the assessment of wind condition
in complex terrain, as well as the assessment of the power curve and loads of wind
turbines. Work is planned on both; groundbased as well as nacelle-based measuring
techniques.
Work plan
The work plan is subdivided in four subtasks as follows (Fig. 3):
• Subtask 1: Lidar calibration and classification
• Subtask 2: Lidar procedures for site
assessment
• Subtask 3: Lidar procedures for turbine
assessment
• Subtask 4: Data management (data
exchange of wind, power and load
measurements).
The activities are coordinated by ForWind
– University of Oldenburg, which acts as
Operating Agent. The work is supported
by the DTU Wind Energy in Denmark, the
National Renewable Energy Laboratory in
the USA and the Endowed Chair of Wind
Energy at the University of Stuttgart, who
coordinate subtasks 1 to 3 respectively.
Subtask 4 is coordinated by DTU Wind
Energy as well.
Subtask I will concern itself with coordinating efforts concerning the accuracy of
wind lidars and assessing and develop-
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ing calibration methods and uncertainty
budgets based on the concepts presented
in IEC61400-12-1 ed. 2 CD, Annex L. The
work of the subtask will be made available
in expert reports and will hopefully contribute significantly to future revisions of
IEC61400-12-1 Annex L.
As lidars become more routinely used in
more novel applications such as floating
offshore or nacelle-mounted, Subtask I
will act as a forum to try and form consensus concerning calibration techniques for
these new devices. Expert reports will be
prepared as appropriate and it is hoped that
these will form a useful starting point for
future standardization efforts.
Subtask II dedicates to the coordination of
work concerning the proper application of
lidar measurements in site assessment activities. The objective is the formulation
of best practices measurement of conven-

tional quantities such us mean wind speed,
turbulence intensity and wind direction.
Additionally, there is an interest in exploring the assessment of non-conventional
variables such as wind shear. The work
will cover the operation of lidar systems
in flat terrain, as well as in complex flow,
such as in complex terrain and offshore
measurements.

a conventional anemometer will be different, even for the same deterministic wind.
These are example issues that could refrain
some users from adoption of lidar systems
since it affects directly the comparability
against conventional systems. This activity
will give insight in the present knowledge
of this and other issues related to wind lidar
measurements.

Several applications of wind data in the
wind energy industry rely not only on the
mean wind, but also on the turbulence intensity. Typically, this value is directly derived from the statistics (e.g. the standard
deviations) of the fluctuations about the
mean value from a cup anemometer measurement. Ground-based lidars operated in
the most commenly used so-called "velocity azimuth desplays (VDA)" mode sample
a volume at several positions in order to
evaluate the wind vector. Hence, the turbulence devered by such a wind lidar and

Subtask III focuses on the integration of
wind lidar in the standard procedures for
the assessment of wind turbines. In particular it is intended to extend to loads estimation the already aknowledged application
of lidars for testing the power performances
of wind turbines. The activity of this task is
divided in nacelle- and ground-based topics as well as in power performance and
load estimation issues. Additionally, possible methods for wind field reconstruction
from nacelle-based lidar data are going to
be reviewed and disseminated.

Figure 1: Pulsed wave wind lidars deployed in complex terrain for power curve
and resource assessment respectively.
(Source: Courtesy of J. Reuder, NORCOWE – University of Bergen, Norway)

Figure 2: Continuous wave wind lidars deployed in complex terrain for power
curve and resource assessment
(Source: Courtesy of J. Reuder, NORCOWE – University of Bergen, Norway)

References

Figure 3: Description of the subtasks' activities
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Introduction
The planned "WindScanner Facility" will
provide a distributed research infrastructure
(RI) consisting of advanced remote sensing
devices for mainly for wind energy applications. It will be established all over Europe
as a new and innovative research facility.
Afficiated in the European Strategy Forum
on Research Infrastructures (ESFRI) in
2011, the "Wind-Scanner Facility" will be
able to provide new knowledge about detailed three-dimensional atmospheric wind
flows leading in this way to an increased
development of more efficient, stronger,
smarter and lighter wind turbines.
Even though the main objective is wind energy research, the WindScanner Facility is
intended to be open for researchers and users from other disciplines as well.
The main objective of the new facility is to
become a center of excellence formed by ten
leading European research organizations.
The currently running preparatory phase
(PP) of the project deals with all technical,

legal, financial and administrative fundaments required for the establishment of the
research infrastructure that is intended to
start operation in 2016.

Project Description
The aim of the PP is to support the construction of the new Windscanner facility. Besides it will integrate and upgrade
already existing wind energy and wind
turbine test centers as well as test sites in
Europe. Due to the establishment of the
new mobile and all over Europe distributed
research infrastructure, it will be possible
to coordinate and upgrade major European
facilities with modern Lidar-WindScanners at the operational level enhancing in
this way the European competitive advantage in wind energy systems.
The concept of the preparatory phase is the
coordination of common European activities and European energy research organizations. The network is distributed between
WindScanner research demonstration nodes
and partners of the European Energy Research Alliance (EERA).
One of the major technical and economical
tasks deals with the equipment of highly
trained personnel with mobile WindScanners.
Furthermore innovation generating activities, personal trainings and exchange programs will support the establishment of the
facility.
Structure
The structure of the research infrastructure
shall include the following elements: Expected are 6-8 associate partners with new
windscanners, designed and created during
the preparatory phase, at already existing
test facilities in Europe.

A large European-level coordinated experimental research programme is based on
wind energy measurement campaigns with
key contributions from WindScanners.
Also a comprehensive database of wind
data from potential wind energy sites will
be made available to researchers, modelers, wind turbine manufacturers and wind
energy developers.
The "WindScanner.eu hub" shall be set up
in order to handle data flow and host servers
and websites etc.
Objectives of the Preparatory Phase
Project
The main objectives of the preparatory
phase are:
Establishment of the project management
and logistics

•
•
•
•
•

Development of a financial scheme
Development and agreement on the legal framework required for the establishment and operation of the facility
Draft planning of the scientific and
technological work
Realization of the implementation
steps for the disseminated regional
WindScanners
A joint planning for the regional expansion of WindScanner facilities

Contribution of ForWind
The University of Oldenburg is contributing among other activities wih a three-dimensional windscanner consiting of three
ground-based long-range lidar all-sky scanners (Fig.1) and a high resolution nacellbased two dimensional lidar scanner both
funded by the German Federal Ministry of
Environment, Nature Conservation and Nuclear Safety (BMU).
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Summary
The European research facility WindScanner.eu will consist of remote sensing measurement equipment and concepts based on
portable and easy deployable wind lidars
and wind scanners. The new measurement

technology will be distributed and operated at European nodes and be connected
by fast, scientific computer networks. The
obtained results will lead to improved computer models on multiple scales of wind energy applications and allow an optimization
of wind turbine designs from the blade to

the whole wind farm. In conclusion, it will
lead to better located as well as better wind
turbines thus reducing the cost of renewable
energy. The preparation of the windscanner.
eu facility project started in November 2010
and the research infrastructure is planned to
be operational in 2016.

ForWind

Center for Wind Energy Research

Figure 1: Artist's view of a 3D multi-lidar wake measurements in an offshore wind farm

References
http://www.windscanner.eu
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Introduction
The main focus of the project "BladeMaker" is the manufacturing chain for
rotor blade production with the target on
reducing production cost by more than 10
percent. For this reason 17 industrial and
research partners will consider on rotor
blade design, materials and manufacturing processes. As a part of this project the
"BladeMaker Demo-Centre" will be set up.

Project Description
The manufacturing costs of rotor blades
account for one quarter of the total cost of
a wind energy turbine, a fact which results
from the high proportion of manual labour
involved. Rotor blades for wind turbines
are made of composites and were designed
to bear considerable loads. These large
scaled lightweight-components (up to 90
meters length) are predominantly manufactured in manual processes. Consequences
are variations in the quality of the product
depending on the chosen method of production and the individual state of knowledge of the involved employees.
State of technology for manufacturing rotor
blade components is preforming followed by
vacuum infusion. Doing this dry textiles were
laid-up direct into a mould and were fixed to
a textile-layer stack. After this the preform
is evacuated so the resin infusion can be accomplished. One of the most significant challenges is the precise lay-up of the textiles into
the multi-curved forming tool. Beside resin
infusion, the preforming-process decides
about the quality of the finished product –
the rotor blade. Through Automation of the
preforming-process leads to a better quality
of components. Especially the handling of
dimensionally instable non crimp fabrics is
one of the critical process steps in this chain.
Although this field is a long-standing object
of research and development in industry and
research institutions, there is still room for
improvement in terms of process stability.
This sector’s economic growth demands an
increasing number of high performance rotor
blades, especially for offshore wind parks.

Therefore rotor blades offer significant potential for the improvement of the quality,
costs and performance of the entire wind
turbine.
The sub-project of the University of Bremen
in the project "BladeMaker" is basically divided into two thematic areas, "tooling design" and "direct automated lay-up".
The objective of "tooling design" is to
obtain qualitative statements to the formation of micro-and macro-pores in the
polymer matrix of the composite followed
by analytical and numerical description.
The sub-project "direct automated layup" is focused on automated preforming.
An automated system for handling and
precise lay-up of textiles directly into a
multi-curved tooling will be realised. Researchers at the University of Bremen will
analyse material behaviour and develop a
handling system especially for limb textiles. After the development process the
system will be integrated in the "BladeMaker Demo-Centre" and will be tested
under industrial conditions.

Summary
The project BladeMaker will run until the
end of September 2017. The project is funded with EUR 8 million by the German Federal Ministry for the Environment, Nature
Conservation and Reactor Safety (BMU).
The University of Bremen is one of 17 partners and is focused on the development of
forming-tools and the automated preforming process.

www.blademaker-direct-textile-placement.de/
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mapretec
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BIK – Institut für integrierte
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Jan-Hendrik Ohlendorf
Funded by the Federal Ministry for the
Environment, Nature Conservation and
Nuclear Safety (BMU), Ref.Nr. 0325216A

Introduction
Increase the percentage of automation in
the rotor blade manufacturing process is
the topic of the research project mapretec.
Rotor blades for wind turbines are normally made of long-fibre reinforced polymer
composites due to their beneficial strengthto-mass relationship und extraordinary
stiffness. Because of the high number of
technical textiles plies, the employment
time of the manual process and the production quality is highly influenced by the
experience, knowledge and intuition of the
engaged employees.
With regard to the background of employment at sea, an increase of quality requirements of the manufacturing in combina-

Figure 1: Test facility for the Compact Moulding Technology of the forming process for windturbine rotorblades

tion with the increasing blade length, the
manual production process is less effective. Faults in quality may lead to failure,
repair or even replacement meaning great
expenses.
With textile draping different effects can
occur such as incorrect positions of rovings
or the entire layer. This may cause negative effects on the strength or mechanical
characteristics of the construction unit. In
order to keep these effects as small as possible, the automation of draping and cutting processes is a solution.

Project Description
In the mapretec project, the technical textiles are laid automatically on special carriers by building a flat preform and then finalised in contour mould of the rotor blade
by using the Compact Moulding Technology (CMT). Special fixing technologies
are used to avoid the uncontrolled moving
effects of each layer. Additionally innovative sensor technology is used to identify
the parameter to control the automation
process.

The combination of the automation, the
preform technology and the liquid composite moulding (LCM) is used for a new
process chain with advantages of accuracy
in positioning and repeatability as well as
an increasing production speed.

Summary
This process chain for the automated manufacturing of rotor blades is realized by a
production cell concept with an innovative
control and quality system. This project is
funded by the German Federal Environment Ministry (BMU) and is realized in
cooperation with the SAERTEX GmbH
& Co. KG and support of the rotor blade
manufacturer AREVA Blades GmbH.

Figure 2: Part of the rotor blade surface perform build up with high drapable non crimp fabics

www.mapretec.de
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Introduction
The output of a wind turbine scales with
its dimension. Larger turbines mean larger
rotors which results in an increased stress
on each blade during operation. To assure
operational safety and to further improve
the design process for larger scale wind
turbines, it is crucial to further investigate
the complex deformations and deflections
of rotor blades under working conditions.
In order to determine the dynamic motion
of a rotor blade of an actual wind turbine
without mounting additional sensors inside
or on top of the blade, an optical method
based on Digital Image Correlation (DIC)
is applied and qualified. With the recent
advances in digital image photography and
digital image processing, DIC has seen
a lot of attention from researchers around
the world for non-contact measurements of
vibration and deformation [1]. Application
of DIC is mostly limited to small measurement volumes and the measurements are
usually performed in laboratories or similar
controllable environments. Nevertheless,
several authors have successfully applied
optical correlation and tracking techniques
related to DIC on wind turbines [i.e. 2, 3,
4]. Based on those prior achievements,

the objective of this project is to develop
an advanced optical measurement system
that can track rotor blade deformations in
3D space with a high spatial and temporal
resolution.

with resistance strain gauges to validate
the results obtained by DIC measurements.
The key elements for the first stage of the
project are:

Project Description

• dynamic deformation measurement in a
rotating system
• modal analysis and system identification

The project is subdivided into two major
parts. The first project phase consists of preliminary tests to demonstrate feasibility. In
detail, a model test bench of a wind turbine
is designed, implemented and fitted with the
necessary optical equipment for DIC. The
test bench is equipped with a three-bladed
rotor without profiling which is propelled by
an electric servodrive. Fig. 1 shows a picture
of the test bench inside the laboratory. Deflection of the blades is achieved by external actuators. The focus is on the flapwise
and torsion mode of the rotor blades. One
blade of the model turbine is instrumented

with DIC on a wind turbine model test
bench. Another crucial part during the first
phase of the project is the simulation of
the in-field experiment. This part requires
a full scale wind turbine to be modelled
inside a 3D modelling software. By applying textures of a random dot pattern
on the pressure side of the modelled rotor
blades, the synthetically generated picture
of the wind turbine can be evaluated using DIC. Fig. 2 shows a rendered picture
from a 3D simulation of a full scale wind
turbine with a 114 m rotor diameter. Each
blade shows four areas with a random dot

Figure 1: The wind turbine model test bench inside the laboratory
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pattern applied. After evaluation with DIC,
3D information (x- ,y- , z-coordinates) for
these areas are available. By means of Fast
Fourier transform (FFT), information in
the frequency domain are available as well
for all four areas.
Based on the knowledge and experience
gained during the first phase of the project,
the new optical measurment system will be
further developed and tested with regard to
wind turbine applications in the second
phase of the project. In order to demonstrate feasibility, a full scale wind turbine
will be equipped with four areas of random
dot pattern on one of the rotor blades. The
objective is to measure the dynamic deformation and deflection of a rotor blade from
a ground fixed position. For this project,
the cameras will be focused on the whole
rotor and the aim is to track one blade for
a complete rotation of the rotor. A sketch
of a possible measurement setup is shown
in Fig. 3. Since DIC measurements have

never been validated for wind turbine application, the blade root moments will also
be measured by means of strain gauges.
Furthermore, all operational parameters
of the wind turbine will be recorded and
syncronized with the DIC measurements.
In order to measure the incoming turbulent
wind field in front of the rotor, a LiDAR
system (Light Detecting and Ranging) will
be used. By correlating the data from DIC
and LiDAR it is possible to gain a deep insight into the interaction between rotor and
wind. In addition the results of this study
can be used to validate numerical software
tools for aerodynamic and aeroelastic simulations of wind turbines.

Summary
The project is a proof of principle study to
show that DIC has a lot of potential for application on wind turbines. As soon as feasibility has been demonstrated and results

Figure 2: Rendered image from the computer simulation of the in-field
test on a full scale wind turbine
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is: it is very feasible. This statement is further by results obtained from the computer
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Introduction
Rotor blades of wind turbines are subjected
to high dynamic loads. Thus, fatigue damages in highly stressed areas of the blade
can occur during the operation of the turbine. Since the production of rotor blades
is still mostly performed manually, defects
due to fabrication processes occur. Among
the most often encountered damage scenarios are bondline failure and delamination, which can influence the load bearing
behavior of the rotor blade and potentially
disturb the operation of the wind turbine.
The resulting annual down time due to rotor blade damages is with 0,6 days in third
place after damages of the electrical system
and the electronic control unit (ca. 0,8 to 0,9
days) [1].
Particularly with regard to offshore wind
turbines the reliability of every component
plays an important role. The monitoring
of offshore wind turbines is still based on
planned visual inspections that are highly dependent on the weather conditions. The costs
due to damage on rotor blades of an offshore
turbine are even higher than in the onshore
turbines, since the downtime and repair time
increase and specially equipped ship are required. As a result the efficiency is reduced.
Therefore, reliable monitoring systems for
rotor blades that determine loads, stresses
and damages are essential prerequisites to
improve the competitiveness.

Project Description
The need for the development of a structural health monitoring method that ensures
damage detection at an early stage and that
leads to the development of a system for
the continuous monitoring of rotor blades
remains great. Despite the existence of various monitoring systems, the visual inspections are still necessary, since the existing
health monitoring systems have not reached
a satisfying level of reliability. Within the
preceding project „Adaption and application of an early damage detection and load
monitoring system for composite rotor
blades of wind turbines“ (FKZ 0327644B)
a method based on the proportionality of the
velocity in the place of maximum displacement and the maximum dynamic stress was
developed [2]. The aforementioned proportionality method could successfully be implemented during the fatigue test of a wind
turbine rotor blade. During this fatigue test
the existence and propagation of damage
were successfully detected [3].
The objective of the current project is the
improvement of the proportionality method
and the extension of its application for ice
detection, as well as its further development
by additionally implementing an acoustic
component. The technical addition to the
already existing system is the use of optical
microphones, which record the sound pressure under and over the threshold of human
hearing. The combination of the mechanical and the acoustical approach, as shown in
Fig. 1, for the improvement of the accuracy
of damage detection is being examined. For
this purpose, acoustic data gained both under test facility conditions and at operating
state for the dimensioning of an audio signal processing procedure have to be recorded and evaluated. More specifically, fatigue
tests of a 34 m rotor blade and measurements for both systems on a wind turbine
under operating conditions are planned.
Signal processing plays a very important

role for the improvement and extension of
the application field of the proportionality
method. During operation a combination of
loads including stochastic loads is applied
to the rotor blades, forming a non-harmonic
excitation. Among the goals of the project is
the extension of applicability of the method
for such stochastic loads, through appropriate signal processing and classification approaches. Finally, the overall improvement
of the method’s sensitivity is strived.

Summary
Structural health monitoring of the rotor
blades of onshore and especially offshore
wind turbines is of great significance, since
the detection of damage at an early stage
can prevent long downtimes and great repair costs. Within this project the extension
and improvement of the existing proportionality method is being examined, while
an acoustic component is simultaneously
taken into account. The combination of the
mechanical and acoustic approach is implemented, in order to offer a higher sensitivity to the monitoring system and avoid false
alarms.
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Figure 1: Block diagram for audio signal processing in connection with damage detection
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Introduction
The reduction of noise emissions of wind
turbines is accompanied by an increasing
efficiency due to the optimized aerodynamic geometry. The noise emissions of
wind turbines lead to extensive problems
for manufacturers as the development site
and the approval process are influenced.
On this background the industry requires
immediately action. Due to legal requirements and acceptance problems of wind
turbines in the population, acoustic emissions are a significant issue for manufacturers. Turbulent flow is the main source
responsible for the noise emissions. It acts
as an aerodynamic brake and significantly
reduce the potential energy yield. Many
wind turbines are planned with technical compromises favoring the reduction
of noise emission over power output. The
acoustic-aerodynamic optimization of rotor blades could reduce these negative effects of the technical compromises and
increase the efficiency.

Project Description
The objective of the project is the development of a combined measuring method
for the acoustic-aerodynamic optimization of rotor blades for wind turbines. This
method combines thermographic data for
turbulence boundary layer analysis with
the measurement data of an acoustic camera. Thus, the amplitudes and frequencies
of the three-dimensional acoustic emission
field can be associated with the geometry
of the rotor blade and the inflow-turbulences. The aim is the identification and metrological verification of methods for the
acoustic-aerodynamic optimization of the
blade geometry.
Using the new combined measuring method, selective approaches for modifications
of the rotor blades are developed. Figure 1
shows the results of thermographic measurements. On the left side is an airfoil with
a vortex generator at 25% of the airfoillength and on the right side is the same airfoil without modifications.
In this way rotor blades can be customized
by means of flow elements to reduce tur-

bulences and stall, leading to an increased
energy yield of the turbine. Beside the direct
environmental advantages of improving
the efficiency, the reduction of noise emissions promotes the public acceptance of
wind turbines, especially in high populated
and urbanized areas. Thus the accessibility
of new locations could be supported and
the development of wind energy would be
pushed. To improve the efficiency and the
acoustic characteristics of wind turbines, an
acoustic-aerodynamic optimization of rotor
blades for wind turbines is required.
Comparable wind turbines in the current 3
MW-class show a relatively large range of
sound power levels. The sound power level
of these different turbines is in the range
from 105 dB(A) to 108 dB(A) (increased
sound intensity by 100%). In contrast to
smaller wind turbines, this is comparatively noisy. Because of the technological
development and the environmental policy
framework, the sizes of wind turbines are increasing continuously. Over the last decade
the average rotor diameter of onshore wind
turbines increased from approximately 27 m
to 82 m. In 2011 a maximum diameter of
126 m was achieved [1]. With increasing ro-

Figure 1: Airfoil at Re = 3∙106 with vortex generator at 25% of the airfoil-length (left) and without vortex
generator (right)
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tor diameter, the noise emission increases as
well. Furthermore, the relatively wide range
of sound power level is an indication for the
potential of noise reduction.
The development of wind turbines with
less acoustic emissions could open new locations. Furthermore, planned wind parks
could be used more efficiently. With current methods a fast three-dimensional mapping of the noise sources with respect to
the flow conditions on rotor blades is not
satisfactorily available, neither in a wind
tunnel nor on a wind turbine. Therefore,
the proposed project aims to enable a statement about the feasibility of the combined
measurement method.
The flow tests are conducted at the acoustically optimized wind tunnel of the Deutsche
Wind Guard GmbH in Bremerhaven. Laminar air flows at speeds of up to 360 km/h and
high Reynolds numbers can be generated in

this wind tunnel. Different velocities up to
100 m/s and positive as well as negative
angles of attack are adjusted to investigate
all possible operating conditions of the rotor blade. The air temperature in the wind
tunnel is, due to effects of friction, higher
than the temperature of the airfoil-surface.
Because of the enhanced exchange of energy by convection in the region of turbulent
flow, an increase of the temperature compared to the region with laminar flow by up
to 0.5°C can be detected. This temperature
gradient can be detected by a thermographic
measuring method. Fig. 2 shows the transition between laminar and turbulent flow on
the suction side of an airfoil at an angle of
attack of 6°. A variation of the Reynolds
number leads to a different position of the
transition.

ment time. Due to the different distance
between a sound source and the specific
microphones in the array as well as the
pressure amplitude affected by the distance, the location of the sound source can
be determined [2].

Summary
With the development of appropriate evaluation-algorithms, the results of the two
measuring methods can be combined, yielding space-resolved information about flow
states and noise emission. Thus, the combined measuring method would enable an
acoustic-aerodynamic optimization of rotor
blades that goes far beyond the capabilities
of current approaches by simulations.

Microphone arrays for the acoustic measurements enable a three-dimensional mapping of sound sources in a short measure-

Figure 2: Transition on the suction side of an airfoil at 6° angle of attack and different Reynolds numbers
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Introduction
A disproportionately high gear failure rate
of approximately 26 % leads to unacceptable long downtimes of wind turbines.
The actual loads at the turbine shafts, the
machine bed and inside the gear box have
long been underestimated.
Only few states can be observed and measured from the outside, i.e. deformations
and changes in temperature on frames or
acoustic noise and oscillations. However,
most of the problems (e.g. gear deformation, corrosion on tooth flanks) occur inside the gearbox where they currently defy
the direct observation by sensors.
The aim of the project is to develop a laboratory for research in new sensor technologies and sensor applications for wind turbines.

Project Description
Gear boxes of wind turbines have to be
designed for substantial dynamic loads.
At the same time the demand for lighter
as well as cost-effective drive trains increases. In order to design gear boxes to
meet these requirements the manufacturers require more and more realistic data of
the actual performance of the drive train.
Every gear box for example has its own
vibration characteristics which varies during operation depending on ambient conditions such as temperature, wind speed and
direction as well as internal conditions, for
example temperature distribution, wear
and oil level.
To detect early initial damages, before any
major damages with subsequent total failure, service providers observe the vibration
characteristics of the drive train with condition monitoring systems. They primarily measure and record the structure-borne
noise of the main drive train components
main bearing, gear box and generator. Today, the usual sensor of choice is an accelerometer attached to the outside of the
monitored component.
The predominantly applied preventive
maintenance strategy with fixed periods
between inspections generally leads to
a replacement of components that is too
early or too late, after the initial damage
has significantly progressed. This maintenance strategy results in more and longer
machine downtimes and additional maintenance and replacement part costs. Therefore, the continuous acquisition and analysis of the states and condition of a wind
turbine is of growing importance and an
important step towards a condition-based
maintenance. This in turn will enable the
service providers to reduce the number of
maintenance trips while still maintaining a
high level of operational availability especially for offshore wind turbines. However,

the condition-based maintenance requires
measurements with sensors inside the
process, i.e. the gear box, because many
changes or initial damages cannot be reliably detected by vibration analysis or other
common sensors.
Integrating sensors inside a gear box is a
very demanding task. As an intermediate
step towards this goal, the Inside-Sensoring Laboratory will look into new sensors that can support the construction and
maintenance crews by automating certain
tasks, improving measurements and thus
objectifying the results, and introducing
new inspection tasks. Most of these sensors are currently not commercially available. However, there are functional models
for some of the essential material properties (mechanical stress, force, torque, distortion, surface roughness, wear, fatigue).
These have to be optimized for the long
term application inside of wind turbines
and their components.
An example for one of the new sensors is an
incremental rotary encoder and contactless
vibration sensor based on an optical navigation sensor [1]. An intended application
are measurements on both rotor and generator shaft of a wind turbine. With its high
angular resolution and measuring speed the
sensor can improve the resolution of the vibration analysis of other gearbox measurements. Furthermore, it can combine these
measurements with the axial displacement
of the shaft with micrometer resolution.
With the new research wind turbine the
University of Bremen has an excellent
testing facility for the newly developed
sensors and further research projects. The
REpower 3.4M104 (figure 1) with a hub
height of 128 m, build and operated by
WindGuard WEA Uni Bremen GmbH &
Co. KG will be fully operational in February 2012.
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Current research including the wind turbine is focused on the optimized operation
of meteorological sensors on the nacelle,
the evaluations of oil quality and degradation, and the analysis of condition monitoring data for failure prediction and spare
parts demand forecasting.
Further promising sensor solutions for
contactless measurements use optical, capacitive, magnetic, thermal, or resistive
principles. They allow a dynamic detection of the gear condition under load with
respect to the local distribution of forces,
moments, vibrations and temperatures,
thermographic contact pattern analysis as
well as monitoring of corrosion and fatigue
conditions on materials. One of the targets
is a permanent detection of the wind turbine condition from a distance so that defects and corrosions can be identified and
repaired, before any failures can occur.

Summary
The Inside-Sensoring Laboratory offers
a design and test environment for manufacturers and research institutions for the
development of new sensors for the drive
train of wind turbines.
The target-oriented development of specially adapted sensors will use the results
of root cause analyses of damages to gears
and bearings. Correlating measurements
with the progression of real life damages
will allow improved forecasting of component failures. The detailed knowledge
of undesired geometric deviations and
surface properties of gear components will
enable service providers to determine the
operating characteristics and the cause
for operation anomalies. This will reduce
maintenance costs by assisting the maintenance teams and minimizing the number of
maintenance trips.
Ultimately, the goal is to support the migration from a preventive to a conditionbased maintenance [2] by new and improved sensors.

Figure 1: Research Wind Turbine REpower 3.4M104 of the University of Bremen
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Introduction
Mechanical components in powertrains
of wind energy converters like gears or
bearing rings have to be hardened due to
the loads which impact on these parts. Afterwards, a grinding process, which may
induce undesired material modifications,
is necessary to maintain the geometric
tolerances. The reliable and quantitative
detection of these thermal defects, which
are summarized under the term of grinding burn, is a current problem in the nondestructive material testing. Because of
the disadvantages of the common testing
methods like nital etching or micromagnetic measuring techniques, new methods have to be investigated. The research
project examines the suitability of the
laser-based photothermal radiometry for
the qualitative and quantitative detection
of grinding burn. The effects of different
stages of grinding burn on the photothermal measurement signal are examined by
simulations and experiments.

Project Description
Grinding is one of the most important industrial cutting processes, especially for the
manufacturing of high precision and highly
stressed components. The grinding process
induces heat and plastic strain within work
pieces, which may cause an undesired material modification on and below their surfaces (Fig. 1). The non-destructive testing
with respect to these thermo-mechanical
defects is necessary to evaluate the functionality of the manufactured component
[1]. Especially the production of large
components for wind energy converters
like gears or bearings requires the detection of grinding burn on large functional
surfaces. The conversion from single piece
production to series production additionally requires the automation of the measurement and profits significantly from the
reduced measuring times of contactless
measuring systems.This change requires
an optimization of each step of the production process. Therefore, the performance of
the essential grinding processes has to be

Figure 1: States of grinding burn

improved, which increases the danger of
grinding burn.
The term of grinding burn summarizes all
kinds of thermal defects which lead to a reduced product lifetime. Examples of grinding burn are annealing zones or new hardened zones with an increase or a decrease of
the material hardness close to the machined
surfaces. Various testing methods are applied in the industry and in laboratories to
check components for grinding burn. The
most established method is nital etching.
Here, a work piece is etched and cleaned
repeatedly, which causes a change of surface color if grinding burn is involved. This
method has disadvantages like the subjectivity because of the visual inspection or the
pollution of the environment due to the use
of acids. Other established testing methods
are metallography, X-ray analyses or the
analysis of the Barkhausen noise (Fig. 2).
All testing methods have disadvantages in
terms of the costs or expenses. So it is obvious that new testing methods have to be
investigated [2, 3].
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Figure 2: Non-destructive measurement principles
a) principle of the Barkhausen noise analysis [2], b) photothermal measurement principle

A new approach is provided by the photothermal radiometry, which is a non-destructive test method to determine the thermal properties of near surface zones. This
technique bases on the generation and detection of thermal waves that interact with
thermal inhomogeneities. For this purpose
the material surface is periodically heated
by a modulated laser. The modulation frequency determines the penetration depth of
the thermal wave into the material. Local
variations of thermal material parameters
(thermal conductivity, heat capacity) disturb
the propagation of thermal waves, causing
reflections and scatterings which lead to
detectable modifications of the temperature
oscillation at the surface. This temperature
oscillation is detected using infrared sensors. Material defects can be discovered by
comparing the amplitude and, more important, the phase of the infrared signal with
those measured at homogeneous materials
(Fig. 3). The photothermal technique is always a promising approach if certain material properties like hardness and residual
stress correlate with thermal properties [3].

Summary

Figure 3: Result of a photothermal measurement on a thermally damaged component
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Introduction
Wind turbines are plants with high dynamic
loads which most of the time are operated
at partial load. This untypical load profile
and lack of knowledge in the consideration
of this mode of operation in the design of
gearboxes has led to increasing numbers of
bearing and gear failures in many different
wind turbine types.
Even though the failure rates of wind turbine
drive train components are low compared to
other components, they result in long downtimes. A targeted approach for advances in
design, production and material selection
requires significant measurement data [1].
This project for the first time aims at the
sustained long term provisioning of reliable
measurement data of large gears for wind
turbines. This will enable the wind energy
industry to increase the operational availability of wind turbines and it will decrease
the identifiable costs.

Project Description
The capability of the measurement techniques in the automotive industry led to
highly developed gears and gear manufacturing processes. As the manufacturing
techniques for large gears cannot easily be
scaled up from automotive gears, a reliable,
near-process measurement of large gears is
an essential requirement for the future development of the manufacturing techniques
in wind energy production. Advances in the
measurement processes will create technical and economic innovation potential for
wind energy systems, especially regarding longer lifetime, increased efficiency of
the power transmission, reduction of noise
emissions and smaller overall size. The
expected economic advantages include
optimized production processes and an increased yield of the wind turbine.
The basis for the intended reliable measurements is the implementation of a fully
traceable chain of procedures beginning at
the German national metrology institute,
Physikalisch-Technischen Bundesanstalt
(PTB), via accredited laboratories under
the supervision of the national accreditation body, Deutschen Akkreditierungsstelle
(DAkkS), down into the industry. The con-

nection to the SI unit of the PTB will be
carried out by substitution measurements
on high-precision, calibrated standards [2].
These standards can be gears with a diameter of up to 3 m or qualified gear segments
(Fig. 1).
During the project a large gear standard
which regards industrial requirements will
be developed. This will be the basis for
the traceability chain and the calibration
of large gears as subsequent standards for
the use in the industry. The objective for the
development of the large gear standard is a
calibration chain as short as possible, which
enhances the achievable measurement uncertainty at the end of the calibration chain
(in the industrial application).
In order to ensure that the newly developed
standard itself can be calibrated, it must be
sufficiently stiff, have only small geometric
deviations, and have suitable surface properties as required by the measuring method.
The traceability can be ensured by measuring the standard on a traceable coordinate
measuring machine (CMM). Fig. 2 shows
the Leitz PMMF 30.20.7 from Hexagon
Metrology at the large gear laboratory at
BIMAQ.

Figure 1: Cylindrical gear segment as a proposed large gear standard (Source: PTB)
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An improved and reliable technology also
includes the holistic measurement of the
functional surfaces regarding geometry [3]
and material properties [4]. In the future the
functional flank surface will be evaluated
not only based on a few measuring lines but
on areal information which will lead to additional information on the gear quality [3].
This requires new fundamental knowledge
in form of mathematical models for the description of flank form deviations and its
uncertainty estimation.
Furthermore, sensors will be developed
for the measurement of surface properties
(e.g. roughness, fracture detection) and for
near-surface properties (e.g. hardness, detection of grinding burn, thermal damaging). Alongside the development of these
sensors for an application in wind turbines,
the research will extend to possible further
applications in the production process of
drive train parts. This will be supported by
investigations regarding the optimization of
the production process of large gears, integrating the conclusions from the measurement results.
For technical plants the use of systems for
the continuous condition acquisition (Condition Monitoring System – CMS) allows
for early reaction to malfunctions before
larger damages occur, which is state of the
art in other energy plants. Thus, another
goal of the project is the development of optical sensors for the contactless acquisition
of axial, radial and rotational movements on
drive train components. Integrating these
measurements in future CMS will improve
the maintenance of wind turbines [5].
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Introduction
Cost efficiency of wind energy turbines
can be enhanced by means of customized
maintenance activities. There are different maintenance strategies to ensure availability, which are defined in DIN 31051. It
separates corrective, preventive and condition based maintenance [1].Today, stochastic disturbances and high load cycles are a
challenge for service providers causing unplanned and long downtimes. Spare parts
supply poses the key factor for economic
maintenance processes. Independent of the
maintenance strategy they are necessary to
achieve minimum repair times. Sporadic
and lumpy demand of spare parts, globally
distributed wind energy systems, long lead
times of spare parts and maximized machine availability make spare parts planning a challenge [2]. Standard planning
algorithms lead to overstocking that causes
high costs. On the other hand understocking of spare parts will cause long downtimes that need to be avoided, if maintenance objectives need to be met. These
objectives include minimized maintenance
cost and maximized availability.

Project Description
Within the research project "EloWind –
Development of a Planning Method for
Spare Parts Inventories within service
networks of Wind Energy Systems" algorithms for spare parts planning will be developed. This includes demand prediction
of spare parts under consideration of key
factors, like age, operation hours, amount
of energy produced and a classification of
spare parts. This means that spare parts
demand prediction is conducted according to spare parts type. Thereby, mechanical abrasion can be considered as well as
failure characteristics of electronic components within the power train. Above that,
failure probability will be implemented in
inventory planning algorithms to achieve
an economic inventory level. Supply chain

Figure 1: Spare parts planning approach of EloWind

network characteristics, like accessibility
of wind turbine and feasibility of maintenance activities are utilized in the project
by investigating into a novel spare parts
demand prediction and inventory planning
approach that is realized in a prototype.
Within the supply chain network, technical as well as logistic properties are considered. These are implemented into the
algorithms. Fig. 1 shows, how all elements
of the spare parts planning are combined
with each other.
Investigations into life time of units used
in the power train are conducted in the
project. They are based on historical data
of different wind turbines. Because only a
few demand events exist, stochastic methods are used to cope with uncertainties in
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life time analysis. Results of the investigations estimate the mean time between
failures (MTBF), which are integrated in
the inventory planning algorithm. Furthermore, MTBF will be used for spare parts
classification. Due to the fact that stocking
of spare parts causes capital commitment
costs, all key factors influencing spare parts
planning are analyzed and assessed. For
example, downtime costs, service levels,
inventory costs and guaranteed availability
of wind energy systems are investigated.
Order strategies are based on feasibility
of maintenance activities and its expected
material demand. Therefore, seasonal factors will also be considered in spare parts
planning.
With the help of the novel approach a spare
parts specific planning method for inventory planning and demand prediction is
developed, considering characteristics of
wind energy industry. Thereby, economic
spare parts supply and minimized maintenance costs are achieved.

Summary
Demand prediction algorithms for spare
parts planning known from aviation or automotive industry are insufficient for the
field of wind energy systems, because historical data about failures are rare and surrounding conditions influence feasibility of
maintenance activities. Hence, prediction
based on historical data causes prediction
errors leading to under or over stocking of
spare parts and uneconomic maintenance
processes. Within the research project
EloWind, founded by the Federal Ministry
of Economics and Technology (BMWI)
and Allianz Industrie Forschung (AiF),
spare parts prediction and planning for wind
energy systems will be investigated. First
results of the probabilistic prediction model
are promising, taking technical properties
of spare parts into account, and offering the
opportunity of planning power train spare
parts more economical than in the past.
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cult approach either by helicopter or boat.
Furthermore they depend strictly on good
weather conditions. A very helpful support
to these inspections can be provided by a
remote video surveillance system. Video
inspections cannot completely substitute
the technician on-site inspection, but they
can assist to detect and/or specify first
signs of problems. The goal of the Robotic
Offshore Service System (ROSS) project is
to develop, install and test such a remote
visual inspection system.

Introduction
Wind power plants are complex technical
systems. For minimum break down times,
strategies for preventive maintenance and
short-time repair with all parts at hand
are essential. However, internal sensors
cannot detect or specify every failure, so
additional visual inspections on a regular
basis are needed to ensure flawless functionality. With the introduction of offshore
power plants these inspections become
much more expensive, due to the diffi-

Project Description
During this project four different strategies
to design a visual inspection system are
discussed.
A crane based camera system, which uses
the existing frame of the maintenance
crane. The camera is mounted at the crane
hook and can be moved within the wind
power nacelle to inspect it.

The second option is a moving camera
system, in which a camera is mounted on
top of a free moveable robot. In the third
option multiple cameras are distributed
throughout the wind power plant and are
placed at fixed positions near each point
of interest. The fourth solution uses a railbased camera system. A track is installed
in the wind power plant on which the robot
which carries a camera moves along. These
four options were compared in a technical (e.g. process reliability, robustness,
integration of sensors) and economical
(e.g. realizability, availability on the market, cost of enlargement) evaluation. The
travelling crane as well as the free moving
camera are from a technical point of view
decisively inferior to the rail-based and
distributed camera solution. The most influential economical aspect is the enlarged
costs of the system. To extend the multiple
camera solution an additional camera has
to be installed for each new surveillance
point whereas in the rail-based system only
the rail has to be extended. Since the track
is made from a standard extruded aluminum profile the costs for extension of the
rail-based system are very low. Therefore
the rail-based system is the optimal solution for the inspection process.
In order to create a track layout that allows
the robot to inspect every point of interest inside the wind power plant it has to
be able to climb vertical This is achieved
by inserting a toothed rack into the track.
Furthermore the rails are easy to install,
ensuring an easy retrofit in existing power
plants. In addition they are robust enough
to be hard-wearing, which is particularly
important in small working environments
like wind power plants.

Figure 1: Track layout inside the wind power plant

To allow the robot system to navigate inside the wind power plant inexpensive
RFID-tags can be placed anywhere along
the track. So arbitrary lookout points and
navigation marks are created to enable au-
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tomatic surveillance processes as well as to
assist the operator with navigation.
To ensure the ability of the robot to follow
the track layout the clearance profile has to
be as small as possible to pass through the
narrows along the track. Furthermore the
track layout is based on a small curve radius. To meet both requirements a modular
configuration is used. It consists of three
modules, each with its own guidance system and connected via couplings. In addition this train- like solution allows easy extension of the robot system with additional
modules. The three modules used in this robot are the supply-module housing the control unit, communication devices, the position detection system and the energy source,
the drive-module containing the engine and
power stage and the sensor-module which
carries the sensors and the camera.
In order to reduce weight and power consumption the control unit is based on a microcontroller. Since the microcontroller has
not enough computational power, an additional server is installed in the wind power
plant. The server hosts the control website
and collects the video data from the robot,
stores and/or transmits them to the operator. Communication between the robot and
the server is based on the WLAN 802.11g
standard. On the one hand it is capable to
transport a real-time video feed, on the other
hand it covers the complete nacelle without
interfering with other electrical components of the wind power plant. The data
transport between server and control room
is achieved with a conventional encrypted
internet connection.

The sensor module carries the remote controlled camera with the ability to pan and
tilt. In order to lower the needed bandwidth
the image sensor delivers a video feed with
the resolution of 704x576 pixels. To compensate the low resolution, the camera is
fitted with a 10x optical zoom, facilitating
the robot to inspect important parts of the
power plant.
For protection and recharging of the robot
a depot is installed at one end of the track.
In which the lithium-polymer battery is
recharged while the robot is supplied with
power from an external source. Therefore
the battery is not drained while in waiting
position, resulting in a longer lifetime of the
system. The operator can control the robot
and camera as well as watch the video from
the camera via web interface [Bild Leitwarte]. In addition to the manual control the
robot can operate in an automatic mode in
which the robot takes and stores pictures of
predefined locations for later inspection by
the operator. The prototype robot is currently installed in an on-shore wind power
plant.

Summary
Field tests validated the stability of the
prototype to cope with real vibration and
temperature conditions in a wind power
plant. The manual as well as the automatic
inspection were tested successfully. The
robot has been in service in an on-shore
wind power plant for more than one year

To detect the RFID-tags along the track the
supply-module is equipped with a RFID-tag
reader.
The electrical power is provided by a lithium-polymer battery which allows operation times of up to three hours with the low
power control unit.
The motion module houses an electric stepper drive and the power stage. The drive
provides enough power to enable the robot
system to climb vertically.

Figuure 4: ROSS installed in the wind power plant

Figure 2: Front view of the surveillance robot

Figure 3: Operator working at the control center

now. ROSS is a promising and worthy tool
in supporting the maintenance of wind
power plants. Future projects aim at further
reduction of the size of the robot system
to give access to more parts of the power
plant. Furthermore the sensor module shall
be extended with additional sensors e.g. infrared thermography.
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Introduction
The verification of key aspects of the design and operation of offshore wind turbines (WTs) was the subject of the project
“Verification of offshore wind turbines”
(OWEA). This RAVE (Research at Alpha
Ventus) project was carried out from November 1st, 2007 to September 30th, 2012.
The main objective was to increase the economic efficiency, safety and predictability
of the utilization of offshore wind energy
in Germany. The verification of the power
curve of single WTs and of external and
internal flow conditions of offshore wind
farms were further project goals. Moreover, the safety of the dynamic behavior
of WTs, including wind, wave and wind
farm loads as well as the development of
monitoring systems for the operational behavior of WT belonged to the objectives of
OWEA.
The project partners Stuttgart University,
Carl-von-ossietzky University of Oldenburg, Leibniz Universität Hannover and
DEWI GmbH cooperated in OWEA. Sepa-

rate projects of Karlsruhe Institute of Technology (KIT), AREVA Wind GmbH and
REpower Systems SE were integrated into
OWEA.
ForWind-University of Oldenburg coordinated OWEA and three of its research
groups were jointly involved in two of the
five work packages (WP). In WP1, University of Oldenburg studied the marine
atmospheric boundary layer (MABL) by
analyzing meteorological data from the
FINO1 met mast. The ability of several
wind field and wind profile models to describe the wind profile in the MABL under a range of ambient conditions was investigated and an improved ability of the
meso-scale model WRF to reproduce actually measured profiles could be achieved.
Moreover, by combining data from FINO1
with power data from WTs at the offshore
test site, University of Oldenburg analyzed
atmospheric impacts on the power curve.
Finally, for the first time data from nacelle
anemometers was used to derive dynamic
power curves. It turned out that this method could be used for the condition monitoring of wind turbines.
WP2 dealt with the analysis and simulation
of intra and inter wind farm wakes. Moreover, loads at a WT in the wake were investigated. An analysis of data from nacellebased LiDARs provided additional insight
in the flow conditions in the wake. In order
to obtain full three-dimensional information of the wind field without having to
average over a volume with edge lengths
of tens of meters, a new measurement technique making use of several synchronized
LiDAR scanners was developed. Measurements with a 2D-multi-LiDAR-system
were verified against measurements at
a conventional met mast. A large-eddy
simulation model was further developed
for the application to wind farm flows by
adding different WT parameterizations to
the model. The further developed model

was used among athoers to study the impact of atmospheric stability on the wind
farm flow. In order to estimate the wake
effects of complete wind farms, different
wind farm parameterizations have been
added to the meso-scale model COSMO.
Finally, WP2 dealt also with extreme wind
conditions by studying the intermittency of
offshore winds and how the intermittency
changes from an undisturbed flow to a
wake flow. Stochastic models were developed from which time series of wind speed
and power with the same statistical properties as those of measured time series could
be obtained.

Project description
Recent studies have indicated that the atmospheric stability impacts the power output of WTs in free flow as well as the recovery of the wake deficit. The Obukhov length
L describes the dynamic stability of the
atmosphere. The determination of L from
measurements with sonic anemometers like
that installed at the FINO1 met mast is recommended by micrometeorologists provided that the sonic raw data has carefully been
corrected before. In the OWEA project a
new correction algorithm was developed by
the Energy Meteorology (EnMet) Group at
ForWind. The algorithm removes artificial
spikes from the wind speed time series by
using the median absolute deviation method, removes non-correctable data from periods with rain or other disturbing influences,
carries out a tilt correction by a new method
(minimization of the variance) and corrects
the impact of the sonic structure (Fig. 1).
The atmospheric stability influences the
vertical wind profile. Even if the hub height
wind speed is the same in two cases, the
shape of the vertical wind profile and therefore the energy flow through the rotor swept
area can be different due to different atmospheric stabilities. This leads to a dependence
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Figure 2: Normalized power curve for a WT in free flow for different
turbulence intensities (June 2011 – June 2012,
wind direction 262°-278°)

Figure 1: Time series of the vertical wind speed prior and after the application of
the new correction algorithm

of the power curve of a WT on stability.
EnMet carried out one of the first studies
on the impact of stability on power curves
under offshore conditions. As information
on L was not available when the study was
carried out, alternative measures for the atmospheric stability had to be used. These
were the shear (ratio between the FINO1
wind speeds at 91.5 m and 41.5 m) and the
turbulence intensity (91.5 m), respectively.
FINO1 data was combined with power data
from the SCADA system of the REpower
WT in »alpha ventus« and assigned to three
stability classes: unstable, neutral and stable. Power curves were determined for each
class and an impact of stability was detected. E.g. in cases with similar hub height
wind speed turbulence intensities indicating
an unstable atmosphere came along with a
larger power output compared to situations
with turbulence intensities indicating a stable atmosphere . The differences amounted
to up to 20% of the value of the standard
power curve (Fig. 2).

Figure 3: Non-stationary power curve for WT AV 04 for February 2011

Power curves have also been determined for
WTs in a single wake situation. It turned out
that also these power curves are dependent
on atmospheric stability. A comparison between the power output of the turbines AV05
and AV04 showed that over a wide range the
power deficit is largest in the stable case. Finally, also the power curve in double wake
situations has been determined. Here, it can
only be stated for larger wind speeds that
the wake deficit is largest in the stable case.
For a wide range of (low) wind speeds the
power output of AV06 is larger than that of
AV05. This might be due to the increased
turbulence intensity in the wake of AV05

compared to that in the wake of AV04 leading to a faster recovery of the wake.
The Turbulence, Wind Energy and Stochastic group applied the technique of the dynamic power curve to wind turbines in »alpha ventus«. Wind speed data from nacelle
anemometers was combined with power
data for this purpose. It was shown that the
technique of the dynamic power curve is applicable to the condition monitoring of wind
turbines. By deriving the dynamic power
curve e.g. icing of the nacelle anemometer
could be detected (Fig.3).
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Extreme changes of the wind speed in a
short time cause large loads on WTs. In
OWEA, the intermittency in the wind speed
time series obtained from measurements at
the FINO 1 met mast was therefore investigated by TWiSt. A comparison of intermittencies in undisturbed (wind direction
of 265°-275° at FINO1) and wake flows
(wind direction of 85°-95°) was carried out.
It turned out that large wind speed changes
occurring within less than 1 s are less frequent in the wake compared to the undisturbed flow probably due to a homogenizing
impact of the rotor blades on small turbulence elements. The probability of large
wind speed changes on time scales between
1 and 20 s is slightly increased in the wake,
while for larger scales the intermittency in
the undisturbed flow and in the wake flow
is similar.
The working group Wind Energy Systems
(WE-Sys) analysed data from wake measurements with nacelle-based LiDAR scanners in »alpha ventus«. It turned out that
the measured data is useful for near-wake
validation purposes. However, due to the
limited range of the used LiDARs (< 1.8 rotor diameters) only a part of the near wake
region could be measured.
For the validation of engineering wake
models with data from the nacelle-based
LiDARs, the wake profiles measured in dis-
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tances between 0.6 and 1.4 rotor diameters
(D) behind the rotor, were extrapolated to a
distance of 2 D by WE-Sys. The extrapolated wind profile was compared with the wind
profiles provided as initial conditions in the
engineering wake models “Dynamic wake
meandering” (DWM) and Ainslie for that
distance. The wake width is considerably
underestimated by the Ainslie model, while
the wake width in the DWM approaches that
in the measurements. However, the shape of
the profile is different from the measured
one. While the largest deficit can be found
in the center of the wake in the extrapolated
deficit profile, the deficit is increasing with
increasing distance from the center in the
DWM. Thus, there is still a huge potential
for a better description of the initial conditions in engineering wake models.
Besides analyzing data from nacelle based
LiDAR measurements, the WE-Sys group
developed also a concept for ground-based
measurements with several, synchronized
LiDAR scanners (multi-LiDAR).
The standard measurement technique with
a ground based LiDAR, the so-called VAD
technique, gives reliable results only under
homogeneous flow conditions. However,
wake flows are characterized by sharp spatial and temporal gradients. Therefore, the
WE-Sys group developed a measurement
technique, in which the three-dimensional

Figure 4: Line of sight velocity measured by one of the long-range LiDARs in the onshore campaign over time

wind vector is determined from three linearly independent, simultaneous measurements
of the line-of-sight velocity in the same
measurement volume. This is achieved by
applying several LiDAR scanners whose
beams meet in the same measurement volume. A synchronized system of two LiDAR
scanners was tested in an onshore measurement campaign from March to December 2012. The LiDAR data was compared
with data from measurements with cup anemometers at a conventional met mast. A
good agreement between LiDAR and cup
data for the ten-minutes mean wind speed
could be obtained for wake and non-wake
situations. While in undisturbed flow also a
good agreement between the results of both
measurements was detected for the standard
deviation of the wind speed, this quantity
was underestimated by the multi-LiDARsystem for the wake flow. This could be
expected, as the measurement volume of
the multi-LiDAR-system is still larger than
that of the cup anemometer and therefore
small-scale turbulence that might be increased in the wake flow cannot be seen by
the multi-LiDAR-system. The two LiDARs
were also used to obtain information on the
meandering of the wake (Fig. 4). For that
purpose the beams of the two LiDAR devices were arranged in such a way that they
crossed each other in the wake of a WT. By
cross correlating the data measured by the
two wind turbines at same vertical distances
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Figure 5: Comparison of the temporally averaged wind farm flow at alpha ventus for a simulated wind direction of 255° (left) and 270° (right). The left figure shows clearly the
areas of high wind speed at the edge of the wake area. The wind farm wake is much stronger.

from the wake axis it was possible to derive
information on the small-scale dynamics of
the wake flow.
An improvement of techniques for the simulation of wind farm flows was also an objective of OWEA. In order to allow for the
calculation of loads on WTs in wake flows,
WE-Sys carried out simulations with the
engineering wake models DWM and “Extended Disk Particle Model” (EDPM). The
input for the models was derived from data
of a rotor-blade resolving DES simulation
of the project partner Stuttgart University.
The large-eddy simulation (LES) model
PALM with WT parameterization was used
by EnMet in order to further investigate the
flow conditions in »alpha ventus«. One result is that the momentum that is withdrawn
from the flow by the wind farm is considerably dependent from the wind direction
(Fig. 5). The smaller the wake effects the
larger the momentum loss and the larger the
deficit in the wind farm wake. This points
out the necessity to take into account the
topology of the wind farm in wind farm parameterizations in meso-scale models. Another result of the LES was that for certain
wind directions larger power outputs were
observed for WTs situated further downstream. Under these wind directions the
wake of the upstream WT does not hit the
downstream one, but the downstream WT is
hit by an area of high momentum situated

next to the wake. Another LES study had
its focus on the investigation of the impact
of atmospheric stability on wake effects in
»alpha ventus«. As expected the wake deficit increases with decreasing lability of the
atmosphere.
WE-Sys analyzed load measurements carried out at WT AV04 in »alpha ventus«. In
order to determine how the loads change
from a free to a wake flow the loads for
westerly flows were compared with loads
for northerly flows, when AV04 was in the
wake of AV01. For northerly winds the
tower base damage equivalent loads were
considerably increased in the partial-load
operational range compared to the loads for
westerly winds. This kind of comparison
has the disadvantage that it might be biased
by different turbulence intensities for northerly and for westerly winds. However, load
measurements at AV05 were not available.
WE-Sys carried also out aeroelastic simulations for load calculations. These calculations were carried out for the generic NREL
5MW WT. The far wake conditions were
obtained from engineering wake models:
EDPM, DWM, effective turbulence (Frandsen, IEC) and Ainslie. The effective turbulence showed nearly in all cases the largest
loads. The deviations between the models
were rather large. The loads decreased with
increasing distance between the upstream
WT and the WT in the wake.

Summary
In 2012, after 59 months of intensive research towards an improved deployment
of offshore wind energy resources, the
OWEA project ended successfully. FINO1
data had intensively been analyzed in order
to gain a better knowledge on the MABL.
Insight into the impact of atmospheric stability on power curves has been gained.
The dynamic power curve concept could
prove its usefulness for condition monitoring purposes. New LiDAR measurement techniques were successfully tested,
a multi-LiDAR system showed promising
results. Simulations reproduced the observed dependency on atmospheric stability. Load measurements showed a considerable increase of damage equivalent loads
in the wake compared to the loads under
undisturbed inflow conditions. The project
results are described in detail in a public
final report [1] .
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The INNWIND.EU consortium is made up of leading industrial partners, research institutes and universities.
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Conversion Systems
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CONTACT
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The integrated EU project is an ambitious successor for the UpWind project,
where the vision of a 20MW wind turbine
was put forth with specific technology advances that are required to make it happen.
The newproject builds on the results from
the UpWind project and will further utilize
various national projects in different European countries to accelerate the development of innovations that help realize the
20MW wind turbine. DTU is the coordinator of this large project of 5 years duration
and with a total of 27 European partners.
The overall objectives of the INNWIND.
EU project are the high performance innovative design of a beyond-state-of-the-art
10-20MW offshore wind turbine and hardware demonstrators of some of the critical
components.
The progress beyond the state-of-the-art
is envisaged as an integrated wind turbine
concept with:

www.innwind.eu

ForWind

Introduction

www.innwind.eu

• a light weight rotor having a combination of adaptive characteristics from
passive built-in geometrical and structural couplings and active distributed
smart sensing and control
• an innovative, low-weight, direct drive
generator
• a standard mass-produced integrated
tower and substructure that simplifies
and unifies turbine structural dynamic
characteristics at different water depths
The proposal addresses the heart of the
Long Term R&D Program of the New Turbines and Components strand of the European Wind Initiative (EWI) established
under SET-Plan, the Common European
Policy for Energy Technologies.
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Project Description
The consortium comprises of leading Industrial Partners and Research Establishments.
The organization of the project is as follows:
Work Package 1: Conceptual Designs
The objective of WP1 is to develop and apply methodologies for assessing in a solid,
quantifiable, manner innovative designs at
the subsystems and turbine system level
combined with advanced controls and sensors and accounting for the external conditions of multi-MW turbines in large offshore wind farms.
Work Package 2: Light Weight Rotor
WP2 aims to define and assess innovative
concepts for achieving Lightweight Rotor
Targets for very large offshore wind turbines using new aerodynamic and structural design opportunities allowed by high
rotational speeds and advanced load control. A lightweight blade design will be
demonstrated at a MW-scale turbine.
Work Package 3: Electromechanical
Conversion
Innovative electromechanical conversion
concepts such as superconducting generators and magnetic pseudo direct-drive generators are defined and assessed in WP§
in order to achieving low cost of energy.
More conventional drive trains (permanent-magnet direct drive and gearbox
systems) will also be considered to have a
base line scenario for comparison. The superconducting generator technology and
the pseudo magnetic direct drive technology will be demonstrated at relevant scales
by participating industry.
Work Package 4: Offshore Foundations
and Support Structures
To achieve significant cost reductions and
to enable mass-production of for jackettype structures in the 10MW class by applying innovation on the component level
is the objective of WP4. Furthermore, it
will assess risks and possibilities and will
preliminary design an innovative 20 MW
substructure. Finally the time-to-market
for floating concepts should be accelerated as associated structural designs and

design methods are still not finalized and
validated.
Work Package 5: Exploitation and
Dissemination
Another important part of the project is to
implement a clear plan for the exploitation
of the scientific and technical results of
the project and to disseminate the results
internally in the consortium and externally
to the market. The selected design innovations will be analyzed and possible means
to minimize the time-to-market of the innovation will be taken. Certification and
standardization will form a major part.
Future exploitation of the results will be
facilitated and stimulated. Dissemination
of new results will take place via various
channels: website, papers, presentation,
reports and education and side events at
European wind conferences.
Work Package 6: Management
The last work package will establish an effective project organization of InnWind.
EU, planning and efficient communication
channels to avoid duplication of efforts,
pin-point potential synergies, and ensure
easy communication internally inside the
project. Furthermore, the objectives will
be implemented with a clear plan for the
exploitation of the scientific and technical
results of the project.

for designing large offshore wind turbines.
On the other hand, ForWind Oldenburg is
involved in the development of assessment
tools to evaluate the influence of innovative designs and design approaches on cost
of energy, reliability and O&M.
In addition, ForWind Oldenburg is taking
part in WP 2 with the "active grid", which
will be used in wind tunnel tests.
ForWind Hannover is involved in the Work
Packages 3 and 4 with the development of
power electronics for innovative electromechanical conversion concepts and with
the design and design analysis of jackettype support structures with innovative
hybrid materials.
In WP 4, the contribution will be in the field
of adaptive structures and advanced load
mitigation concepts for very large turbines
and stiff substructures.
The project started in November, 2012 and
will end in October 2017. First results and
publications are expected in the year 2013.

Summary
Six research groups and institutes of ForWind – University of Oldenburg and University of Hannover are in the four main
work packages.
ForWind Oldenburg leads furthermore
the Tasks 1.1. "External conditions" and
4.1. "Innovations on component level for
bottom-based structures" and is Co-Leader
of WP 4 "Offshore Foundations and Support Structures". Besides organizational
contributions, ForWind Oldenburg conducts also research activities in the Work
Packages 1, 2, and 4. In Work Package 1,
the focus is on the one hand on providing
missing information on the external conditions at higher altitudes, which is needed

References
http://www.innwind.eu/
http://upwind.eu/

70

WIND POWER SYSTEMS

Baltic I: Control of Offshore Wind Farms by Local Wind
Power Prediction as well as by Power and Load Monitoring
Carl von Ossietzky Universität Oldenburg,
Institute of Physics,
Wind Energy Systems (coordination),
Energy Meteorology,
Turbulence, Wind Energy and Stochastics
Contact: Luis Vera Tudela
Partners:
EnBW Erneuerbare Energien GmbH,
Endowed Chair of Wind Energy –
University of Stuttgart
Funded by the Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety (BMU), Ref.Nr.: 0325215A.
Duration: March 1st 2011 – May 31st 2014

Introduction
The research project is conducted within the
first commercial offshore wind farm in Germany "EnBW Baltic 1", which is formed by
21 wind turbines located north of the peninsula of Darß in the Baltic Sea. The short distance of the wind farm to the coastline allows
studying land-see flow interaction and its
triangle-shaped layout creates different wake
superposition scenarios.
The focus of the research project are new
strategies for operational management of
individual wind turbines and the entire wind

Figure 1: Layout of the
wind farm “EnBW Baltic 1”

farm by means of power and loads monitoring as well as a better grid integration of wind
farms by enhancing wind power predictions.

Project description
Power output monitoring
For a detailed evaluation of the wind farm
performance and its relation to wake and
meteorological effects, a measurement campaign is conducted within the offshore wind
farm "EnBW Baltic 1". To gain a first insight
into wake effects, the power data from the
SCADA-System of the wind farm was investigated. A wake rose plot for one wind turbine in the center of the wind farm (B13, red
in Fig. 1) shows the directional dependency
of wake effects within the wind farm (Fig.
2). The non-dimensional wake deficit is expressed by Pdef = (1-Pwake/Pfree). As reference
turbines (Pfree), three turbines at the borders of
the wind farm (B01, B06, B21) were selected
(yellow in Fig. 1). The highest wake effects
occur along the north-south direction due to
relatively short distances to neighboring turbines (6.5 rotor diameter) in that direction.
Wake effects resulting from other turbines
are visible as well. For a southeasterly inflow
(140° ± 20°), a power excess can be observed.
In this sector, the turbine B13 harvests more

Figure 2: Wake Rose for the wind turbine B13
(04.2012-01.2013) in the center of the wind farm

energy than the reference turbine. One likely
reason is a speed-up within the wind farm for
this particular wind direction. Wake deficit
plots for all other wind turbines were derived
as well, giving insight into the complex wake
effects of this offshore wind farm.
In addition Large-Eddy Simulations with the
LES model PALM [1], [2] are conducted.
Fig. 3 shows the dimensionless velocity for a
northerly inflow. For this wind direction, the
layout of "EnBW Baltic 1" allows studying
single and multiple, up to six-fold wakes at
the same time. The figure indicates that the
wakes are fully developed behind the second
turbine with a nearly constant wake deficit
for the subsequent turbines. Fig. 4 shows the
turbulence intensity along a line of six wind
turbines. The figure indicates that there is a
dependency of the turbulence intensity on the
atmospheric stratification with an increased
turbulence under convective conditions and
reduced turbulence during stable atmospheric conditions. The turbulence intensity is continuously increasing up to the sixth turbine.
One goal of the project is to further investigate the wake effects found within the measurement data of the wind farm by means of
LES to find further explanations for particular wake effects within the wind farm.

Figure 3: Large-Eddy Simulation of the flow
conditions within the wind farm "EnBW Baltic 1"
for northerly inflow and neutral atmospheric
stratification. (Figure turned by 90°)
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Figure 4: Turbulence intensity for the westernmost
row for different atmospheric stratifications. The
arrows indicate the positions of the turbines.

Load Monitoring
The increase in reliability of wind turbines, in
particular those at offshore locations, which
have lower accessibility over the year, is a
necessary step to improve the cost of energy
by reducing operational and maintenance
(O&M) costs. Advanced condition monitoring and fault prediction systems, coupled
with performance monitoring and wind power forecasts, should facilitate the improvement of current O&M strategies.
However, the loading history of wind turbines is usually not recorded during the
operation of a wind farm due to high costs
associated with measurement devices. Most
wind turbines are designed based on loads
calculated for one of the type classes defined
in IEC 61400 – Part 1, thus, design loads
used are not necessarily representative for
all sites. Measurement campaigns are mostly
limited to prototypes and actual loads at a
given site are hard to predict; therefore, wind
turbines are designed using conservative assumptions, while the impact of wake loads
on wind farms is limited by having enough
spacing between wind turbines in the layout.
The need for load monitoring systems is
obvious as the wind energy market moves
towards larger machines and to offshore
locations far from the coast, where the impact of design assumptions in the operability
and reliability of wind farms increases. The
research focuses on the expansion of previous studies on load monitoring for wind turbines [3], which showed the viability of using standard signals (like rotor speed, pitch
angle, electrical power) without the need of
new measurement devices, and with the use
of trained Neural Networks to estimate over-

all fatigue load identifiers (like bending moments, torque, rotor thrust) on wind turbine
components.

prove wind and wind power predictions. The
investigation of these approaches will be part
of future work within the project.

Wind power prediction and
grid integration
To ensure the safe and economic operation of
"EnBW Baltic 1", wind and wind power predictions for intraday (3-24 h) and day-ahead
(27-48 h) forecast horizons are of high importance. Predictions can be delivered as deterministic forecasts from numerical weather
prediction models or probabilistic forecasts
from Ensemble Prediction Systems (EPS).
EPS forecasts allow the quantification of the
forecast uncertainty. The improvement of
probabilistic forecasts for "EnBW Baltic 1"
is one goal in the Baltic I project.

Decision model for operational
management
Furthermore, a decision model for the economic operation of a commercial wind farm
will be developed within the project. The
model shall assess the costs and revenues of
different operational management strategies
based on deterministic and probabilistic forecasts of wind power, electricity prices and
balancing energy prices. For this purpose,
scenarios such as the commercialization of
produced power based on the feed-in tariff,
direct marketing in the intra-day and dayahead exchange markets or mixed scenarios
with partial marketing and partial wind farm
curtailment will be considered. Furthermore,
research results from power and load monitoring can be incorporated in the operational
decision making process.

The EPS of the European Center for Medium Weather Forecasts (ECMWF) provides
high-quality wind speed ensemble forecasts.
However, the raw ensemble wind predictions are subject to forecast biases and lack
of ensemble spread (Fig. 5, blue lines). Thus,
post-processing (calibration) techniques such
as Ensemble Model Output Statistics [4] are
applied to the raw ensemble to improve the
wind and wind power forecasts. The calibrated ensemble forecast shows an improved ensemble mean and increased ensemble spread
(Fig. 5, black lines). The calibrated forecast
uncertainties can be of large value for decision-making during wind farm operation and
grid integration.

Summary
The research project "Baltic I" focuses on
economically optimized O&M strategies
of large offshore wind farms by studying
and enhancing power and load monitoring
as well as wind power predictions. A better
operation of individual wind turbines and
the wind farm as a whole shall be achieved
with power and load monitoring. Finally, the
research outcome can be integrated in commercial wind farm management systems.
References

Figure 5: Example of an “EnBW Baltic 1” wind forecast utilizing an uncalibrated (black) and calibrated
(blue) ensemble forecast. The inner line denotes the
ensemble mean and the inner boxes the 50 % confidence interval. The thin lines represent the entire
ensemble range.
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and probabilistic forecasts or the usage of
regional EPS has the potential to further im-
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Introduction
The turbulent nature of the wind is one of
the major challenges for wind power conversion. The large complexity of atmospheric flows generates highly nonlinear
and non-stationary interaction with wind
energy systems, which require significant simplifications in their mathematical
and computational treatment. Stochastic
modeling constitutes a practical approach
which can describe such complex systems
in a statistically correct and comprehensive
way, while retaining the relevant unique
properties of turbulent forcing and nonlinear interaction in wind energy systems.

to be rather universal, and stems from
fundamental properties of small-scale turbulence. This new insight into the nature
of atmospheric turbulence enables us to
improve the stochastic modeling of wind
data on the scales of seconds, which is important for the dynamics of wind turbines.
Lift and drag dynamics of airfoils in
turbulent inflow
One of the challenges in rotor blade aerodynamics is to understand and account for the
dynamic forces stemming from turbulent
inflow. Continuing the work of last year,
in 2012 an extension to a basic stochastic
model was developed to account for oscillation effects in lift and drag dynamics [2].
The statistics of model and measurements
showed good agreement. From this model
the dynamic forces acting on rotating blade
elements in the context of Blade Element
Momentum (BEM) theory [3] were ob-

tained. As the next step, the model shall be
integrated into the wind turbine simulation
software package FAST/AeroDyn to investigate the impact of dynamic force modelling on the turbine as a whole.
Turbulent properties of electrical power output of wind turbines and wind
farms
Based on results of 2011 [4], in 2012 the
statistical properties of the electrical power
output of wind turbines as well as wind
farms have been investigated. It was found
that essential features of turbulence, such
as intermittency and multi-fractality, are
transferred from atmospheric flows into
the electrical grid by the power conversion
process [5], see figure 1. This imposes new
challenges of power quality and grid stability for future high shares of wind energy in
the electricity supply system which have to
be addressed.

Project Description
Advanced characterization of
atmospheric turbulence
The study and modeling of atmospheric turbulence made in 2011 with wind
data from FINO I has been extended to a
number of on-shore and off-shore sites.
In particular the inherent gustiness of atmospheric flows, which is reflected in
very high probabilities of extreme velocity differences over a given time lag, was
investigated. This so-called intermittency
was modeled on the basis of Kolmogorov's
work of 1962 [1], considering the turbulent
kinetic energy as a random variable. The
intermittency of atmospheric flows seems

Figure 1: Probability density functions (PDFs) of differences of wind inflow velocities (blue, bottom), wind farm
power output (red, middle), and single turbine power output (black, top), over a time lag τ of 8 s, in semi-logarithmic scale. A Gaussian PDF is displayed as black dots for comparison. The intermittent deviation of wind speed
differences from Gaussian statistics is clearly retained in the electrical power output even of the whole wind farm.
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In-situ damage analysis by stochastic
dynamics
It is a crucial task to achieve an early and
reliable detection of feature changes in mechanical structures caused by, e.g., damage
or fatigue. As a complementary approach
to common spectrum-based methods,
a new stochastic ansatz was developed
which is able to obtain the dynamical behavior of the system and to detect respective changes [6]. The proposed method is
suitable for in-situ application as it is robust against changing working conditions.
In particular, it is possible to separate stochastic fluctuations from deterministic response behavior which is directly linked to
mechanical properties of the system. In an
experimental system damages were detected significantly more sensitive compared
to spectral analysis.
Stochastic modeling of wake
structures in wind farms
For a practical approach to the modeling
of wake dynamics and turbulence in

wind farms, the well-known method of
proper orthogonal decomposition (POD)
is used to extract meaningful modes from
measured or simulated flow patterns. The
temporal evolution of these modes is in a
second step described by stochastic differential equations to account or the complex
and stochastic development of wake patterns in real-world observations. Despite
the high complexity of the turbulent flow,
promising first results have been obtained,
cf. figure 2.
Langevin Power Curves and
monitoring of wind turbines
Based on the well-known concept of the
Langevin Power Curve (LPC), a detailed
study of parameters and properties of the
method has been performed using industry standard simulation tools [7]. From
detailed analyses of convergence and uncertainty behavior, the independence of the
LPC from site-specific turbulence conditions and the ability to detect changes in
the power conversion behavior have been

confirmed and quantified. Precise requirements of the method with respect to sampling rate and amount of necessary measurement data could be derived. The method
enables also to detect emerging malfunctions of the conversion system. We show
that pitch as well as yaw errors can be detected after only several tens of minutes.

Summary
The development and application of stochastic methods continues to be a central
field of work at ForWind. Several of the
methods that have been developed over
the years are now more and more applied
both for research purposes as well as for
practical use in cooperation with industry
partners. The extremely high numerical
efficiency of stochastic models as well as
their ability to correctly reflect complex
and nonlinear effects makes them interesting alternatives for a manifold of applications.

Figure 2: (Left) cross-section of the wake flow behind
a multi-MW wind turbine in an LES simulation. (Middle and right) exemplary modes extracted by POD,
see text.
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Introduction
The integration of wind generation into
power systems is affected by uncertainties
in forecasting the expected power output
of wind farms. False estimating of meteorological conditions or large forecasting
errors (phase errors, near cut-off speeds
etc), are very costly for infrastructures (i.e.
unexpected loads on turbines) and reduce
the value of wind energy for end-users. The
aim of SafeWind is to substantially improve
wind power predictability in challenging or
extreme situations and at different temporal and spatial scales. Going beyond this,
wind predictability is considered as a system design parameter linked to the resource
assessment phase, where the aim is to take
optimal decisions for the installation of a
new wind farm.

Project Description
SafeWind [1] is a small of mediumscale focused research project funded
by European Commission under the 7th
Framework Program. The project started
01.09.2008 and ended very successfully at
31.8.2012 with a public workshop for end
users. The project has been coordinated by
ARMINES (Association pour la Recherche et le Développement des Méthodes
et Processus Industriels, France). Among
the partners are end-users, weather services, companies and several research institutes and universities. The partners are:

CENER (Centro Nacional de Energías
Renovables, Spain), IMM (Institute of
Mathematical Modelling) and RISOE National Laboratory at the Technical University of Denmark), energy & meteo systems
GmbH (Germany), Overspeed GmbH &
Co. KG (Germany), Energinet.dk (Denmark), ECMWF (European Centre for
Medium-Range Weather Forecasts), EDF
(Electricity de France), EirGrid (Ireland),
CSIRO (Australia), University of Oxford
(U.K.), University Compultense of Madrid, Universidad Carlos III de Madrid,
Public Power Corporation (Greece), Meteo France, TERI (India), Acciona Eolica
CESA (Spain), SONI (System Operator
for Northern Ireland, U.K.), RTE (France),
Institute of Communication & Computer
Systems – National Technical University
of Athens.

Summary
ForWind is involved in four work packages
to improve wind power forecasts. In work
package 4 (Alerting&Data Assimilation
Techniques for Improved Short-term Wind
Power Predictability) ForWind elaborates
methods to adequately monitor and assess
the weather situation over Europe in order to detect severe deviations in the wind
power forecast due to extreme events. ForWind cooperates with other partner that
develop the alerting framework to issue
warnings in case of severe deviation between forecast and observed wind power
feed-in.
The goal of work package 5 (Optimized
Ensemble Forecast Systems applied to
Wind Power Prediction) is to deliver the
meteorological component of skilful probabilistic wind power predictions based on
ECMWF's Ensemble Prediction System.

In a second step the benefit for probabilistic wind power forecasts is demonstrated.
At January 26th 2010 ECMWF introduced
100 m ensemble winds. Before that date
only ensemble winds in 10 m height were
available to compute probabilistic wind
power forecasts. It was known that the
extrapolation of 10 m winds to hub height
introduces high uncertainties as no data
to describe the atmospheric stability was
available.
Fig. 1 shows the root mean square error
(RMSE) for German wind power forecasts dependent on the forecast horizon
[2, 3]. The bias correction for wind power
forecasts with 10 m winds leads to a major improvement (compare green and red
(solid) curves) and reduces the dependency on the diurnal cycle considerably. A
bias correction for 100 m winds does not
improve the RMSE and is therefore not
depicted in Fig.1. However, the forecast
accuracy of 100 m winds is much better

wind power RMSE and ensemble spread [1]
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Figure 1: RMSE of wind power forecast normalized
with installed capacity for Germany utilizing 100 m
(black) and 10 m bias corrected (red) ensemble winds
(black). The ensemble mean (solid line) clearly
outperforms the deterministic forecast (dashed) at
forecast day+3. 10 m ensemble mean forecast
without bias correction (green) and ensemble spread
(dotted) is also shown.
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than using 10 m winds. At forecast day+2
the ensemble mean outperforms a single
forecast (control forecast). It can be seen
that the ensemble wind power forecast
is very underdispersive as the ensemble
spread (dotted line) is much lower than the
RMSE. The ensemble spread is defined
as the standard deviation of the ensemble
members around the ensemble mean.
The criteria reliability, sharpness and resolution for a skilful probabilistic forecast are
combined in the Continuous Ranked Probability Score (CRPS). The comparison with
a reference probabilistic forecast system
leads to the Continuous Ranked Probability
Skill Score (CRPSS). The reference system
is outperformed whenever the CRPSS is
larger than zero. The superiority of 100 m
over 10 m ensemble winds is shown in Fig.
2. The CRPSS is 50 % at forecast day+1.
The CRPSS decreases with forecast step
and is 15 % at forecast day+5 [2, 3]. The
improvement for the control zone of 50
Hertz is slightly higher than for Germany.

production are identified, local measures
e.g. to increase the amount of regulating
reserves can be taken. Furthermore, forecasted uncertainties can be used for grid
security calculations in case maintenance
work shall be scheduled. Future research
will focus on the development of spatial
ensemble forecasts that are well calibrated,
maintain spatial correlations and preserve
the temporal development of the weather
(i.e. the trajectory of the forecast).
Work package 7 (Wind Resource Assessment versus Predictability) investigates
which relevant aspects should be considered in high penetration scenarios to
facilitate wind power integration into the
power system [4]. Predictability of wind
power plays an important role here, but
also spatial smoothing of wind power fluctuations. The capability of spatial smoothing of wind power forecasts errors can be
characterized by the ratio of the root mean
square forecast error valid for an ensemble
of wind power forecasts in a certain area

and the forecast error of a single site. Low
values indicate that the pooling of wind
power sites is very efficient to reduce the
wind power error (Fig. 3). Note, that the
root mean square forecast error is normalized with mean wind power and not with
installed capacity. Smoothing is more efficient at forecast day +1 (Fig. 3, left) than
at day +2 (Fig. 3, right). Wind power forecast errors at day +1 are less correlated,
because they arise to a large extent from
local conditions. While at forecast day +2
the spatial correlation of forecast errors increases, i.e. less spatial smoothing is possible. At forecast day +2 it can be assumed
that mainly initial condition errors amplify to the observed forecast errors. Wind
power forecasts and verifying wind power
production are computed from COSMOEU data provided by the German Weather
Service (DWD). Equal distribution of
wind power plants in the model domain is
assumed. The hub height in the simulation
is around 70 m.
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Figure 2: The CRPSS demonstrates the superiority
of 100 m ensemble winds over 10 m winds up to
forecast day+5 for Germany (solid) and the 50 Hertz
control zone (dashed)

In combination with ForWind’s involvement in work package 6 (Novel Methods
for Wind Power Forecasting and Extremes), new ways to visualize ensemble
wind power forecasts have been developed. It was found that the spatial mapping
of forecast uncertainty match well with
observed forecast errors [3]. Once high
uncertainties in the forecasted wind power

Figure 3: Wind power forecast smoothing factor at forecast day+1 (left) and day+2 (right) for regions of
200 km radius
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Introduction
The EU-FP7 project ClusterDesign started
in November 2011. Until 2016 a consortium
of six partners (3E, ECN, Imperial College,
RWE Innogy, REpower Systems SE and
ForWind – Carl von Ossietzky University of
Oldenburg) from four countries (Belgium,
The Netherlands, United Kingdom and Germany) is developing a ToolBox for the integrated design of offshore wind farms that
shall later be applied by offshore wind turbine manufacturers and offshore wind farm
project developers.
The solutions in the ToolBox should raise
the energy yield and reduce the production
costs of offshore wind energy, should allow
the operation of future clusters of offshore
wind farms as virtual power plants, and
should decrease the long-term prediction error for energy yield to less than 3%.

services). The set of models consist of advanced wake models, wind farm electrical connection models, virtual power plant
operation models, load and performance
models and wind farm control concepts and
models.
Integration – Combination of the aforementioned models in a ToolBox for integrated
wind farm cluster design.
Validation – Proof and improvement of the
models and toolbox results against data
measured on-site in an operating large offshore wind farm in the North Sea. Control
concepts are applied as well in the same
wind farm.
Valorisation – Transforming the results into
an industrially applicable solution, thus, ensuring significant impact of the developed
solutions.
The ToolBox will facilitate to find solutions that meet multiple criteria, primarily
reduced costs through reduced loads, but
also maximum energy extraction, reduced

uncertainty of energy yield predictions, and
maximum power system support capability.

Project description
The Energy Meteorology Group of ForWind is mainly involved in work package 1 of the ClusterDesign project entitled
"Advanced Flow Modelling" .
Recent analyses of efficiencies of offshore
wind farms have shown that the efficiency
is dependent on atmospheric stability. Not
taking into account information on atmospheric stability in the planning process for
a new wind farm might cause some nonnegligible deviations between calculated
and harvested yields. In ClusterDesign
ForWind will analyze whether reliable
long-term stability distribution information for a certain offshore location can be
derived from long-term simulations with a
meso-scale meteorological model (WRF).
Thus, the aim is not only to derive a numerical wind but also a numerical stability atlas. Fig. 1 shows first results of a

The ToolBox combines different offshore
wind farm design tools and integrates the
intelligent control of offshore wind farm
clusters at the planning stage. The design
tools assist wind farm developers and manufacturers in designing cost effective wind
farm and cluster topologies, as well as wind
turbine and wind farm control strategies.
To achieve this goal the project concept
consists of four main elements:
Modelling – Further development of existing models that each aim at optimizing
major wind farm functionalities related
to design and control in offshore applications namely power production, mechanical
loads, and power system support (ancillary

Figure 1: Frequency of unstable, neutral and stable situations at FINO1 in 2006. Comparison of data from WRF
simulations with different PBL schemes and data from FINO1 (stability parameter: bulk Richardson number)
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comparison between stability distributions
obtained from measurements and WRF,
respectively. ForWind will investigate as
well how the wind and stability conditions
will be modified by an increased exploitation of wind resources in the North Sea
region. The results of the meso-scale simulations will be validated against data from
meteorological measurements at different
offshore met masts in Dutch and German
waters.
Moreover, ForWind will further develop its
in-house engineering wake model FLaP in
this project. In future, atmospheric stability
should become one of the inputs of FLaP
which should lead to improved power calculations with this tool. Another advancement of FLaP will be the coupling with the
meso-scale model WRF. It should become
possible to apply FLaP also in situations
with a horizontally heterogeneous flow.
The option to be able to specify a heterogeneous flow in FLaP is of importance e.g.
in cases in that only a part of a wind farm is
in the wake of a neighbouring wind farm.
Finally, FLaP will be further developed in
such a way that it will become possible to
use several thrust and power curves for the
wind turbines in the farm. This is required

for the design of control concepts for a
wind farm where wind turbines can be run
in different operational modes and the aim
is to optimize yield and loads within the
wind farm for certain situations.
The large-eddy simulation model PALM
run by ForWind has been coupled with the
aeroelastic code Flex5 run by REpower
during the project. While PALM is run on
the HPC cluster of ForWind, Flex5 is run
on a Windows Server of REpower. The
aim of the simulations with the coupled
model system is to gain high-fidelity information on the flow conditions in the wake
of a wind turbine, which is a prerequisite
for accurate load calculations. By coupling
two FLEX5 runs, one for a wind turbine in
free flow and one for a wind turbine in the
wake of the first wind turbine, with PALM,
even high-fidelity information on the loads
in the wake can be directly derived from
the FLEX5 simulation of the wind turbine
in the wake. The simulations with the coupled model system will serve as a reference
for the simulations with the less computationally expensive models also used in the
project. Moreover, in order to check in detail how meso-scale weather phenomena or
a partial shadowing of a farm change the

flow conditions within a wind farm, PALM
will also be coupled to WRF in the framework of this project (Fig. 2). The results of
the various flow simulations that will be
done by ForWind in the framework of the
ClusterDesign project will deliver input to
other models of the tool box such as the
load simulation models or the grid model.

Summary
ForWind is one of six partners in the EUFP7 project ClusterDesign. The goal of the
project is to develop a tool box consisting
of models each dealing with a different aspect that has to be taken into account when
a wind farm and its operation modes are
designed. The tool will support wind farm
developers to optimize the energy yield of
a wind farm and to reduce the production
costs of offshore wind energy.
ForWind is mainly involved in work package 1. The objective of this work package
is to further advance the modeling of the
flow conditions around and within a wind
farm which is an important input parameter
in energy yield and load calculations.

Figure 2: Large-eddy simulations nested in meso-scale simulations. Left: Domain size of the coarsest mesoscale WRF domains with parametrization of PBL (resolution: D1: 18
km – D2: 6 km – D3: 2 km – D4: 650 m), middle: Domain sizes of the finest domain with PBL parametrization and three coarse LES domains (resolution: D4: 650 m – D5: 216
m – D6: 72 m – D7: 24 m), right: Domain size of the finest LES domains and the target wind farm (resolution: D7: 24 m – D8: 6 m).
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Introduction

Project Description

With the large amount of offshore wind
farms to be built in the next years, clusters
of wind farms will appear at favorable locations, like in the German Bight and the
Dogger Bank. Large arrays of floating
wind farms planned near long-distance
grid cables independent of water depth will
also start to appear in the next years. The
planning and design of these clusters pose
new challenges with regards to the siting
of the connected wind farms, the design of
the interconnecting grid structure and the
integration of the large amount of power
into the electricity supply systems. The
installation of offshore wind farm clusters
means that large installed capacities will
be erected in a relatively small area. This
will lead to a large variability of the power
output and to large forecast errors in comparison to current installations on land. The
variability in the power output depends on
the variability of wind speed and direction. Wind speed variability directly leads
to power variations, while wind direction
variability will lead to power variations
because of the influence of wake effects,
which are very sensitive to wind direction
changes. These characteristics of clusters
pose challenges to system stability and
require a large amount of reserve power.
However, in large clusters wind speed and
direction variations will not be seen by all
wind farms at the same time. This leads to
a smoothing of the power output compared
to the behavior of single wind farms. At
the same time, the error of a wind power
forecast will decrease due to the smoothing effect.

The EERA-DTOC project members including high-impact industry partners are
developing an integrated and validated
design tool combining the state-of-the-art
wake, yield and electrical models available
in the consortium, as a plug-in architecture
with possibility for third party models to
extend and enhance predictions.
The major step forward is going to be
the novel wind farm cluster design tool
itself. Currently, most of the models are
employed sequentially by the developers
of offshore wind farms, and optimization
of all parameters is quite difficult and involves a lot of pasting data back and forth.
With this integrated tool, optimization of
different parameters will be possible from
within a single software package, and the
design of entire clusters of wind farms as
wind power plants will for the first time
be possible in one go. The end user may
be authorities, large operators, and future
large-scale developers. In order to decrease
uncertainties around wind farm wake predictions, a small measurement campaign
together with the new data available from
the industry partners will enable better tuning, and eventually better modeling of the
far-field of wind farm wakes. The design
tool will be tested and demonstrated by the
industry partners using their own data and
test cases, and the experience incorporated
into the model architecture.
Wind farm modelling
During the project, all participants aim at
progress beyond the state-of-the-art in the
field of farm wake modeling. The provision
of data sets for verification of models and
the subsequent benchmark is going to be a
significant improvement in the conditions
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for model development. The better wake
models will provide higher confidence in
the energy yield predictions. While this
project will be managed to tune the existing models to the values found by the
measurement campaign, the data set will
in the future enable further development of
the farm wake models, which in turn will
find their way into future iterations of the
design tool. A new approach is to integrate
the effect of wind farms in the meso-scale
models themselves.
ForWind – University of Oldenburg will
contribute to the quantification of power
curve uncertainties by stochastic tools and
will validate wake and wind farm model by
comparision to measurements.
Model validation
Within the scope of the forthcoming German research project GigaWatt-Wakes
"GW Wakes", the ForWind working group

Wind Energy Systems and BARD engineering GmbH are planning a comprehensive measurement campaign in the 400
MW offshore wind farm ‘BARD offshore
1’ (BARD1) which is currently under construction. The planned measurements include long-range lidar inflow and wake
measurements with high temporal and
spatial resolution as well as high altitude
wind profiling. For this purpose a setup of
three long-range lidar devices equipped
with flexible scanner heads (multi-lidar)
will be operated synchronously from three
platforms within the wind farm. Specific
campaigns are being designed for providing validation data for the wake models
and meso-scale models applied in EERADTOC. In the first year of work, the researchers at ForWind have been working
together with the wind farm modelers to
select appropriate scan strategies and the
main wind characteristics to be measured. The measurement campaign is being

planned in order to have first measurements by the end of 2013. Moreover, first
ideas have been exchanged towards defining how the integrated offshore wind farm
design tool could be validated with the
lidar measurements.
In addition, Fraunhofer IWES will carry out
a measurement campaign with ship based
lidar measurements at varying distances
from near to far downwind in the wake of
‘BARD Offshore 1’. The multi-lidar is able
to measure the near wake of the wind farm
with high detail and more flexibility. In this
respect, the ship-based measurements complement the platform-based lidar measurements by providing data for the far wake
of the wind farm. ForWind and Fraunhofer
IWES are evaluating the possibility of
performing synchronous measurements at
BARD1 in the framework of EERA-DTOC.

References
Figure 1: Sketch of a possible scenario for a measurement campaign at BARD 1 for validation of meso-scale
model of EERA-DTOC. Small circles show the lidar devices. Large circle show an approximate maximum range of
the lidar devices. Square shows the ship-based lidar of Fraunhofer IWES.

http://www.eera-dtoc.eu
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Introduction
The present power grid is designed as a
rather static, hierarchical system. In such a
system, the feed-in is proactively controlled through the scheduling of generators to
match a predicted future demand in electrical power. However, feed-in of dispersed
renewable energy resources (DER) like
wind energy converters cannot be freely
scheduled and its prediction has always a
residual error. Therefore, alternative shortterm and mid-term supply-demand-matching strategies have to be explored in order
to retain a stable future energy supply.
Social interaction of individuals has been
identified as a feasible model for the design
of distributed task solving systems [1]. Inspired by the schooling behavior of fish,
we developed an adaptive, decentralized
algorithm for the compensation of residual
load in the power grid.

Project description
Given a short-term or mid-term forecast,
we determine the feed-in of renewable energy and the expected demand for one or
more planning intervals in a specific control area. The expected residual load has
to be compensated by controllable, fastresponding generators. However, the process of modifying a power plant's output is
bound to physical constraints which limit
the power plant’s output range and its reaction rate of increasing or decreasing its output. The resulting scheduling problem can
be expressed as a dynamic task allocation
problem (DTAP). We solve this problem
using an adaptive, decentralized approach
which is inspired by the schooling behavior
of fish [2]. Just like flocking birds, swarming insects, or other herding animals, the
schooling of fish is an emergent behavior
that arises from local interactions between
individuals, without central control. Fish
observe their environment and react to
move of other fish.
This principle can be applied to the given
DTAP by modeling power plants as autonomous agents which try to compensate for
the residual load cooperatively. Not every
power plant is physically able to perform
the adjustment that a single generator has
to provide on average. So, a more adequate
partitioning of the globally required reactive adjustment has to be found. For an
executable distribution of adjustment to
all power plants, each power plant should
contribute preferably the same fraction of
reactive adjustment relative to the amount
of its total contribution (i.e., power plants
with a large reserve contribute more than
power plants with a small reserve), but
this is limited by its ability to increase or
decrease its output within a given planning interval. The resulting optimization
problem respecting these constraints could
easily be solved by a central scheduling
approach. But such centralized methods

do not scale with large numbers of power
plants, and do not adapt automatically to
new plants or plants turned off. So we investigate in distributed, agent-based methods as motivated in [3].
We assume that a power plant ai has a
neighborhood Na of other power plants it
i
can observe. In our approach, the task of a
power plant ai is to adapt its own reactive
adjustment ra based on its local view on
i
the system. This is done iteratively, starting with ra = 0. The local view comprises
i
observable properties of each neighbor
ajєNa , namely the currently chosen raj and
i
the remaining possible adjustment Δraj,max
of each neighbor aj. Based on these observations in its neighborhood, the power plant
ai is able to calculate an equitable partitioning of the reactive adjustment and therefore
the estimated fraction ra it should perform
i
itself. More details on these calculations
can be found in [2]. The restriction of the
observed neighborhood and thus forming
overlapping neighborhoods is an important property of our approach, as it reduces
communication overhead and allows for a
restricted communication network.
In analogy to the movement correction of
fish, the adaptation is performed at each
time step a value change is observed in the
neighborhood. Overall, this mechanism
yields an infinite iterative adaptation to
the changing environment by dividing the
remaining required power adjustment into
smaller and smaller pieces. We included an
upper bound ka on the number of iterations
i
a power plant is allowed to perform. This
leads to a rapid termination of the planning
phase. During these iterations each power
plant ai establishes its final value ra as rei
active adjustment for the current planning
interval.
Fig. 1 (taken from [2]) shows the result of a
simulated scenario, where 222 controllable
power plants of different types adapt their
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outputs to a synthetic load curve (consumption) for more than 500 time steps (planning intervals). The power plants modeled
in this scenario are configured in a way that
allows them to match this load. In the upper part of the diagram the load adaption of
self-organizing power plants are shown, in
the lower part the difference between load
and supply are illustrated more precisely.

The different colors of supply curves represent different values of a parameter σф
indicating inter-agent variation of the distributed control method drafted above. It
can be seen that for an adequate parameter
setting this method of control is promising
very good supply-demand matching abilities, although additional tests for different
scenarios are necessary.

Summary
The Schooling Fish Algorithm allows
power plants to compensate for an expected
residual load in an adaptive, decentralized
manner, using limited, local knowledge
about their neighboring power plants.

Figure 1: Self-organized adaption of power plants to a load curve. (from [2])
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Introduction
Doubly fed induction generators (DFIG)
are often used in Multi-MW wind turbines.
Wind turbines are usually connected to
the grid via one or more transformers and
coupling power lines. The power lines may
have a length of several kilometers. In
combination with the leakage induction of
the transformers this leads to a resonance
frequency in the area of the dominant grid
harmonics. These harmonics are caused
by unsymmetrical loads and especially
grid faults. The interaction of the grid harmonics with the resonance frequency of

the power line has considerable influence
on the voltage at the generator converter
system. The stator of the DFIG is directly
connected to the grid [1]. So a grid disturbance (e. q. voltage drop, short circuits)
has a direct influence on the stator voltage,
the stator current and so the resulting shaft
torque. Due to the magnetic coupling this
leads to an influence on the induced voltage and the rotor current which can destroy the converter. A doubly fed generator
is controllable by the current in the rotor
windings which are fed by a converter. To
prevent the destruction of the converter
during a major grid fault the rotor windings
are switched to external resistors (crowbars). Due to this switching to crowbars
the generator is not controllable. To follow
new grid codes and to reduce drive train
loads the generator should stay controllable during certain grid disturbances[2, 3].
The aim of the project is to develop new
control strategies and protection methods
to guarantee the controlled operation of the
generator during balanced and unbalanced
grid faults especially during short circuits.

Figure 1: Wind turbine with DFIG, converter, interconnecting line, grid and disturbance

Project Description
In order to keep the DFIG controllable it is
necessary to handle the generator converter system during grid disturbances. A grid
disturbance changes the behaviour of the
complete electrical system immediately.
The electrical system can be separated in
the main components generator, converter,
coupling power line, transformer and grid
(fig 1). Not only the kind of disturbance affected the terminal voltage of the stator and
the converter of the grid side but also the
location of the disturbance must be taken
into account.
As a first step a Matlab/Simulink® model
of the complete electrical structure was set
up. The overall model consists of a generator model which is able to consider ironsaturation [4] and skin-effect [5], a converter model of the rotor and the grid side,
a cable model, a transformer model and a
grid model with harmonics.
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In order to consider the iron-saturation and
skin-effect simulations of the magnetic behaviour of the DFIG were made in Flux2D.
These results are used to extend the Matlab/Simulink® model of the generator.
With this model it is possible to evaluate the
behaviour of the converter generator system in concert with the coupling power line
and the transformer under realistic grid conditions to develop new control strategies.
Ideally the control of the rotor current
should be able to suppress transient currents in the rotor windings even in the
event of stator side short circuit. In this
project a control was developed which successfully suppresses the currents caused

by the disturbance in the event of a symmetrical grid voltage drop. Simulation
results of a 1.2MW DFIG under nominal
load are shown in Fig. 2. In this simulation
a symmetrical grid voltage drop to 60% of
nominal voltage occurred at 0,4 seconds
for a duration of 200ms. The left figure illustrates the stator and the rotor currents
controlled with a standard PI-controller.
The right figure illustrates the stator and
the rotor currents using the improved current controller. Further studies should extend this control to other grid faults.

Summary
With extended control strategies developed
in this project it should be possible to follow new grid codes and to reduce drive
train loads thus extending the life time of
the wind turbines. Additionally the control should be able to protect and stabilize
the grid during certain grid faults. Using
the new generator model considering iron
saturation and skin effect it is possible to
describe the behavior of the DFIG on much
higher level of detail than before.

In order to verify the simulation results
a test stand is build comprising a 22kW
DFIG, a 2*50km artificial line and a 50A
grid simulator.

Figure 2: Stator and rotor currents during a grid side voltage drop under nominal load (left
side: normal current controller, right side: improved current controller)
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ble with a direct current (DC) transmission.
In general, the AC/DC conversion can be
performed traditionally by line-commutated current source converters (LCC) with
thyristors or with more modern techniques
using voltage source inverters (VSI) based
on IGBT/IGCT semiconductor devices [3].

Introduction

Project Description

Until the year 2030, the offshore wind
power generation capacity in Germany is
expected to rise up to 25 gigawatts [1].
Besides the pure power generation in wind
turbines, also the transmission of bulk power through the North- and the Baltic Sea to
the coast and further on to the load demand
centers is a high challenge. The grid connection of offshore wind farms has to meet
four main requirements: Energy efficiency,
low construction cost, high reliability and
environmental compatibility. Additionally,
bidirectional power flow is desired to be
able to supply stand-by power to the wind
farm in times of flutes [2]. As the grid operators are forced to establish connection
points for wind farms in the main sea, high
transmission capacity is an extra point, because the grid operators will favour to lay
as few submarine cable lines as possible.
This is also desired to reduce the environmental impact to the Wadden Sea.

In a current research project supported by
the DFG the IALB investigates a new hybrid HVDC approach combining both transmission systems for the grid connection of
large offshore wind farms (Fig. 1). The LCC
is commonly known for its robustness, high
voltage and power capability as well as
for its high efficiency. On the other side,
LCC allow only one current direction. For
the reversal of power flow direction the
DC voltage has to be inverted leading to
an interruption of wind farm power supply. From a conventional point of view,
an offshore side LCC would also need an
additional grid controlling instance like a
STATCOM or a phase shifter, which provides a voltage system the LCC can synchronize to. In contrast to a LCC system,
a VSI system could immediately switch
to supply mode, because it offers bidirectional current operation. Further more, a
VSI is able to perform a “black start” and

At the moment, there exist different technical options for the grid connection of
wind farms. Usually, wind farms located
near the shore are simply connected by an
alternating current (AC) submarine cable.
These submarine cables have a large parasitic parallel capacitance per length. As
planned wind farms are typically located
50-100km in front of the shore, the AC
option is not economical because the capacitive charging current of the submarine
cable is getting too high. Thus, grid connection of distant wind farms is only possi-

Figure 2: VSI transmission
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Figure 1: Wind farm grid connection with hybrid HVDC
transmission topology

to control grids without own direct coupled
synchronous generators as it is the case in
wind farm grids. But it also has to be stated, due to the high frequent switching of
the IGBT modules, self-driven conversion
has more losses than the line-commutated
conversion.
The proposed hybrid HVDC system makes
use of the advantages of LCC transmission;
the disadvantages are overcome by an additional auxiliary VSI system [4]. The detailed
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topology is depicted in Fig. 2 and consists
of one LCC and one VSI at the offshore
sending end of the transmission line and
the identical configuration at the receiving
end on the mainland. All converters are connected to the DC line by circuit breakers. In
case of wind farm stand-by power supply
and low wind power generation, only the
VSI system is in action (Fig. 2), which operates at significant lower DC voltage than
the LCC rated voltage. When the generated
wind power exceeds minimum power of
LCC conversion, which is around 5% of
LCC nominal power, the LCC system is run
up. During this temporary parallel operation
of both transmission systems the power is
shifted from the VSI system to the LCC
system. After that the LCC transmit the

full wind farm power. The VSI get disconnected from the DC line and work as static
compensators (STATCOM, Fig. 3).
The main targets of the research project
are the examination of the behaviour of
the DC voltage and the stability of the isolated wind farm grid in the various system
configurations. This especially goes for the
provision of reactive power for the LCC
by cooperation of the STATCOM and the
wind turbines. For this purpose, the latter
are equipped with intelligent algorithms to
be able to contribute to real-time control of
isolated grids [4].
A simulation model of the offshore wind
farm, consisting of a 12-pulse LCC and
two wind power generation units, each

representing 50 wind turbines, has been
established in a MATLAB/Simulink environment. First simulation results (Fig. 4)
show, despite of the distorted currents of
the LCC, that the wind farm AC grid can be
held stable by joint grid control of the wind
turbines. Studies of the impact of harmonics in the real offshore grid and the possibility of local harmonic mitigation through
the VSI are in progress.

Summary
The hybrid HVDC concept is an efficient
option for the grid connection of large
offshore wind farms or the joint grid connection of several nearby wind farms. The
advantages of the LCC transmission are
fully exploited while the disadvantages can
be handled through intelligent control of
wind turbines and an additional auxiliary
VSI system.

Figure 3: LCC transmission
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Introduction
In time of energy turnaround more and
more electrical power is produced by renewable energy sources like wind power
stations. But the behaviour of the power
grid is shaped by conventional power
plants with synchronous generators that
are used as kinetic energy storage and held
ready control energy for seconds and minutes reserve. The electrical feed of wind
power stations to the power grid depends

at the wind speed and is maximized all the
time. On the one hand at economical aspects it may be the most profitable solution
but on the other hand there are technical
problems. By rising count of the renewable
energy sources it is necessary to add them
in grid control mechanism like primary
control. Otherwise it is able that the power
grid is destabilized more and more by rising count of plants that do not have a grid
control feature included.

Project Description
The power distribution system is shaped
by all power plant generators that are connected to the power grid. The goal is to
transfer the behaviour of a conventional
steam power plant with a set of a turbine
and a synchronous generator to a state of
the art wind power station with fully-fed
converter. Then new energy sources are
able to emit their properties.

Figure 1: Control Structure for a wind power station with generator model and turbine control

It is a paradigm change in wind power station control method where no hardware
modifications are necessary. The generator-tied inverter is controlled like a steam
turbine in a conventional power plant [1].
The pitch angle of the rotor blades represents the main steam valve and adjusts the
power conversion. Instead of conventional
control structure of wind power stations
the generator-tied inverter has to stabilize
the dc-link voltage all the time. Here the
dc-link represents the shaft between the
turbine and the generator. The grid-tied inverter is controlled by a model of an electrical excited synchronous generator with
amortisseur. The model uses the measured
grid voltages and controls grid currents of
each phase by the inverter. Inputs for driving torque and excitation voltage are used
to control it. From point of view of the
power grid it seems to be there is a physical generator instead of an inverter with
dc-link voltage control.
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All advantages of a steam power plant
can be used by the new control method.
A power plant control is used to control
rotation speed and excitation voltage of
the generator model to adjust the feed of
active and reactive power. Droops are implemented for primary control. The power
feed depends at the level of grid frequency
and voltage amplitude. Therefore a control
reserve has to be saved instead of maximum
power feed into the grid all the time. During
a frequency fault all generators connected
to the power grid are slowed down to stabilize the frequency by decoupled active
power. Here in comparison to a real set of
turbine and generator the rotation speed of
the wind turbine is slowed down to use it
as an instantaneous reserve. Enough energy
is stored in the rotating mass to realize the
same available control energy in comparison to the generation of power. The dc-link

is supplied with more power that can be fed
to the power grid by the model of the synchronous generator. The output currents are
limited in the generator model to protect the
connected inverter. The implemented amortisseur is able to damp grid oscillations
during load changes. All parameters can be
modified during operation.

Summary

For validation of simulation results a laboratory test stand with a permanent magnet
excited synchronous generator is under
construction. The generator is driven by an
asynchronous motor that is torque controlled [2]. Command variables are given out
of wind profiles. A grid emulator is used
to generate a variable power grid where
frequency and voltage amplitudes are adjustable to measure the reaction of the new
wind power station control system during
reproducible grid disturbances.

Simulation results show that the new wind
power station gets the behaviour of a conventional steam power plant. The generator-tied inverter works as like as a steam
turbine, where the pitch angle represents
the main steam valve. At the other side the
grid-tied inverter is controlled by a model
of a synchronous generator. The dc-link
represents the shaft between both components and is stabilized by the generator-tied
inverter here against state of the art wind
power stations. Standard control strategies
are implemented for primary control over
droops. The moment of inertia of the wind
turbine is used as an instantaneous reserve
during grid disturbances.

A new control method for wind power
stations allows adding renewable energy
sources in grid control. It is not necessary
to modify electrical or mechanical hardware; only new software has to be implemented.

With new control algorithm the wind power station has nearly same behaviour as a
steam power plant, where known control
strategies can be used. In this solution the
wind power station is adjusted to the existing energy distribution system.

Figure 2: Test stand with permanent magnet excited
synchronous generator
References
[1] Orlik, B.; Schmidt, M.; Fein, F.:
Control of a wind power station with the strategy
of a conventional power plant
IEEE EPQU 2011, Lisbon/Portugal,
May 17th-19th 2011

[2] Schmidt, M.; Fein, F.; Orlik, B.:
Grid integration of a wind power station with
control concept like in a steam power plant
Dewek 2012, Bremen/Germany,
November 7th-8th 2012

88

WIND ENERGY INTEGRATION

SOOP – Safe Offshore Operations

Carl von Ossietzky Universität Oldenburg
Department for Information Technology,
Business Engineering
Axel Hahn
Partner:
OFFIS – Institute for Information Technology, Coordinator SOOP
Jade University of Applied Sciences,
Maritime Studies Elsfleth,
University of Applied Sciences Emden/
Leer
Funded by the Ministry for Science and
Culture in Lower Saxony,
Ref.Nr.: ZW6-80118269
Duration: April 2011 – October 2014

Introduction
Installation and maintenance of offshore
wind farms are complex processes involving many different actors under harsh environmental conditions. Such maritime
operations set high demands on employees
dealing with uncertainty and risks for personnel and material. Recent accidents and
the lack of standardization increase the demand to ensure offshore safety.
The ERDF funded project association
SOOP - Safe Offshore Operations develops methods and tools to support planning and implementation of safe offshore
operations. The objective of SOOP is to
increase safety of personnel and processes
by an integrated IT-based risk and mission
management. The methods and IT tools allow to plan, simulate and train safety critical processes of offshore wind operations.
During the planning phase, necessary process knowledge is gained and integrated to
facilitate the analysis of requirements for
safety standards. Modelling and simulation
of operations include human behaviour
and estimation of relevant risks as well
as potential critical situations. This profound process knowledge can be used in

an assistance system. Based on an online
situation assessment and a wireless sensor network the system supports the bridge
management by providing pre-analysed
real-time information adjusted to the information receiver.

Project description
For a safe conception of offshore operations, the SOOP planning tools allow to
model and simulate the necessary processes and critical situations of a planned mission. Based on initial scenarios, we profoundly analyse normative processes and
sequence flows including all roles, actors
and resources of operations. So far, two
initial scenarios are focussed: personnel
transfer to offshore wind turbines/substations by service vessels and loading operations involving a jack-up vessel performing a crane operation [1, 2]. These initial
scenarios are used as reference operations
for further similar missions. A 3D-missioneditor can be used to model activities, roles
and resources of concrete missions. The
editor contains standard components of
offshore operations and annotated generic
hazards of relevant activities. The process knowledge for operation planning is
gained from operation specific guidelines,
working procedures descriptions and accident reports, for example by IMCA or
NOGEPA [3].
The systematically assessment of work
processes enables to identify hazards and
carry out risk assessment [4]. A method
for guided hazard identification and risk
mitigation is used in order to identify and
precisely describe hazards, quantify their
safety impact as well as to develop risk
mitigation measures [5]. Besides the normative process modelling, the approach is
combined with a cognitive modelling approach to enrich it with information about
human task performance. Non-normative

behaviour of human actors is captured and
allows the assessment of risks by prediction
of human performance in concrete hazardous situations [6]. To integrate normative
process models and cognitive models a
co-simulation approach is used. By means
of simulation the process knowledge is expanded based on different scenario and site
conditions. It facilitates the assessment of
the selected scenario and executable actors
interacting with a simulation environment.
Hereby, safety aspects of the planned offshore operations can be assessed and the
operation plans can be verified. Thus, the
methods and tools can support the development of HSE-plans and enhance the training of personnel by providing necessary
process knowledge [7].
The pre-analysed data from operation planning is provided to support bridge management during offshore operations. In order
to identify and predict critical trends on
board, we implement a flexible sensorbased assistance system [8]. Tools for situation analysis and data fusion constitute
important components for the development
of an assistance system. A wireless sensor
network observes human and environmental factors for operational safety [9].
In order to recognize complex hazardous
situations from a sensor network, situation
analysis techniques interpret raw sensor
data to higher, linguistically and human
understandable concepts. Hereby, the assistance system observes the processes carried out at sea and recognizes potentially
hazardous situations by comparing the actual state of the operation with the planned
situation from simulation.
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Summary
The project association SOOP – Safe
Offshore-Operations aims to improve
safety by developing methods and tools for
planning and implementation of offshore
operations [10, 11]. To cover these complex processes under harsh environmental
conditions, SOOP integrates various aspects such as personnel, physical objects,
e.g. cargo, vessels or cranes, as well as
site conditions. The IT-based mission and
risk management allows planning of safe
offshore operations and minimizes costs
by increasing efficiency. By integration of
process knowledge and a sensor-based situation analysis, the work safety during operations is enhanced significantly through
directed surveillance and warning.
Four Lower Saxony research facilities participate in the ERDF funded project SOOP
and work closely together with the maritime
and offshore wind industry. The project is
coordinated by OFFIS – Institute for Information Technology, Oldenburg. Project duration is from 04/2011 to 10/2014.
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Project website soop.offis.de,
accessed 27/02/2013
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EWEM: MSc Program European
Wind Energy Master – Erasmus Mundus
Carl von Ossietzky Universität Oldenburg,
Institute of Physics, Research Group
Energy Meteorology, Research Group Turbulence Wind Energy and Stochastics and
Research Group Wind Energy Systems
Contact: Matthias Wächter
Partners:
Copenhagen (DTU);
Delft University of Technology (TU Delft);
Technical University of Denmark;
Norwegian University of Science and
Technology, Trondheim (NTNU)

Project Description
The European Wind Energy Master is an
advanced 2 year (120 ECTS) master course
(MSc) with four specializations. Thes socalles "tracks" follow the energy conversion chain (Fig. 1):
•
•
•
•

Wind Physics
Rotor Design
Electric Power Systems
Offshore Engineering

Funding: European Union, Ref.Nr. 282797
Duration: January 1st 2012 - June 30th 2015

Introduction
ForWind is co-founder of the European
Wind Energy Master (EWEM), an Erasmus Mundus Master Course supported by
the European Commission. The European
Wind Energy Master consortium is composed of four Universities, well known in
wind energy and offshore wind energy research and education:
• Coordinator is the Delft University of
Technology (TU Delft) (coordinator)
• Technical University of Denmark (DTU)
• Norwegian University of Science and
Technology (NTNU), Trondheim
• Carl von Ossietzky Universität
Oldenburg (UniOL)
A network of associated partners, with wind
energy research institutions, companies,
and NGOs, reinforces the team.

It is aimed to educate 120-150 MSc graduates per year, covering the top 1-2% global
demand of wind energy professionals with
post-graduate education.
The students acquire knowledge in theoretical and applied sciences underlying
wind energy systems, and specific competencies necessary to operate in the chosen
area of specialization. The specific multidisciplinary and project-oriented teaching
will give the student the ability to transfer
knowledge and competences beyond his/
her specialization and to embed design
choices in a sociotechnical context.
The EWEM prepares graduates for a career in research, both in industry and in
academia, and is closely linked to the research taking place at the four universities.
Thus, the specialization tracks are offered
by the four universities according to their
particular main field of research, as shown
in Fig. 1.
EWEM students receive double-degrees
from the universities operating the tracks.
In the wind physics track these are the MSc
Engineering Physics from the University
of Oldenburg and the MSc Wind Energy
from the Technical University of Denmark
(DTU).

The first cohort of EWEM students started
in October 2012 with a total number of 39
students (Rotor Design: 17, Offshore Engineering: 11, Wind Physics: 5, Electrical
Power Systems: 4). The second intake of
students will be in fall 2013.
The European Commissions's Erasmus
Mundus program is a cooperation and
mobility program that aims to enhance
the quality in higher education between
Europe and the rest of the world. Erasmus
Mundus is a prestigious quality label and
provides support to higher education institutions, individual students, researchers
and university staff and any organisation
active in the field of higher education. Selected master courses receive funding for
scholarships and fellowships for students
and academics. Competition has been
fierce: in July 2011 only 30 proposals, including EWEM, were selected from a total
of 177 applications.

Summary
The "European Wind Energy Master
(EWEM)" is a cooperative master course
supported by the European Commission’s
Erasmus Mundus program. The first year
successfully started in fall 2012 with 39
students. The first students in the Wind
Physics Track will be attending courses at
University of Oldenburg in summer term
2013.
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Figure 1: Structure of the European Wind Energy Master (EWEM)
Abbreviations: Delft University of Technology (TU Delft), Technical University of Denmark (DTU), Norwegian University of Science and Technology (NTNU),
ForWind Institute at the Carl von Ossietzky Universität Oldenburg (UniOL)

References:
www.windenergymaster.eu
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Continuing Studies Program
Wind Energy Technology and Management
ForWind,
Moses Kärn, Christoph Schwarzer

Description

Partners:
Wind Energy Agency WAB,
City of Oldenburg

Wind energy is a highly innovative and
still growing sector whose further successful development will be closely tied to the
availability of highly skilled and educated
experts. Because of the complex nature of
the field part-time education is an important
instrument to provide professionals with
high-level systematic know-how and interdisciplinary understanding of wind energy
technology, projects, and economic issues.

Introduction
In its seventh year of existence the Continuing Studies Program Wind Energy Technology and Management ("Windstudium" is
still a unique offer for professionals with
academic background to obtain part-time
professional education. The program has
been developed in close cooperation between ForWind and WAB. Numerous partners from research, education, industry, and
businesses in the field of wind energy supported the realization of this continuing academic education for professionals. The program is sponsored by GE Energy, Bremer
Landesbank, and WSB Service GmbH.

The Continuing Studies Program Wind Energy Technology and Management is especially designed to support companies and
professionals of the wind energy sector.
The program is directed equally to specialists and executive staff in the wind energy
sector, as well as to recent graduates and
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 offers
a mix of learning methods: self-study of
reading materials, a two-day seminar once
every month, and project work in teams.
The total duration of the program is eleven
months. It is intended to be short but intensive. A certificate is issued by the University
of Oldenburg upon successfully passing the
examinations.
The realization of wind energy projects
requires that experts from a variety of differently disciplines work closely together.
This innovative program of study is one
that addresses exactly such challenges, and
furthermore fosters a ‘know-how-transfer’
from acknowledged experts in the field and
from Universities thus, providing current
and expert knowledge. The program’s study
materials were developed in partnership

with the University of Oldenburg’s continuing education experts and satisfy the highest
of academic didactic standards.
The interdisciplinary approach is the central
theme that the program is based upon and is
represented by the following special characteristics:
- Group Dynamics: The selection process
will be based on bringing together a group
of people with a wide range of experience in their academic and occupational
areas, be it technological, planning management, administration, or law. Thus the
student group’s line-up will reflect the
heterogeneous profiles, which are often
found within a company’s typical departmental work group.
- Project Work: For the duration of the program an eight-person team will work on
a complex wind energy project. During
this process, questions will arise relevant
to all areas of the curriculum and the students will collectively resolve these issues
and the project’s tasks. The project work
will provide a lot of practical experience,
which will reflect what the students have
been learning, and ‘real’ experience in
communication with experts from a variety of disciplines.
- Teaching Material: The course pack is divided into basic and speciality areas. The
basic areas are obligatory for all of the
students and within the specialized areas
half will be examinable. The students will
choose the speciality areas they wish to be
examined upon, therefore allowing them
to focus on their personal areas of expertise and interest.
The program is constantly evaluated and
further developed in close consultation with
a wind energy advisory board that meets
annually to advise the program’s administrators, and to arrange the co-instructors
and guest speakers. The co-instructors are
experienced representatives from the indus-
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Figure: Field trips to companies, institutions, and places of interest like this wind farm construction site, complement the "Continuing Studies Program Wind Energy Technology and Management"

try who present concrete aspects and expert
knowledge, which complements the main
instructors’ teachings.
The administrators of the Continuing Studies Program in Wind Energy Technology
and Management operate an active network of alumni in order for the students to
continue to stay in touch with each other,
to assist them in the exchange of professional information, and to support further
continuing education possibilities. Yearly
alumni meetings take place in Oldenburg or
Bremerhaven.
With seven fully booked course cycles (24
students each year) the program has con-

solidated its strong position in the market.
From the first year on the demand was
greater than the available student places,
so competition for one of the 24 student
places is high. Start of the eighth course
is in September 2013 (application deadline
May 31st 2013).

Summary
The Continuing Studies Program Wind
Energy Technology and Management is
especially designed to support companies
and professionals of the wind energy sector. In its seven years of existence it has become a well established instrument lifelong
learning in the wind energy sector. Course
number eight will start in September 2013.

References:
www.windstudium.de
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Continuing Studies Program
Offshore Wind Energy
ForWind,
Juliane Reichel, Moses Kärn,
Christoph Schwarzer
Partners:
Wind Energy Agency WAB,
City of Oldenburg

Introduction
The complexity and size of offshore wind
farm projects, the speed of innovations, and
the dynamic change processes, along with
the high risks involved are factors that put
the jobs of experts, managers, and executives on a very high level of responsibility.
Therefore, the offshore wind sector has a
need for highly skilled specialists with multi-disciplinary know-how and experience.
Structured and specialized academic study
programs with offshore wind energy focus
are only slowly emerging and will still not
be able to meet the market's growing demand. Thus, in 2011 ForWind, the Wind
Energy Agency WAB and the City of
Oldenburg had joined forces in a project
to develop the new professional part-time
studies program called "Continuing Studies
Program Offshore Wind Energy".
The Continuing Studies Program Offshore
Wind Energy 2011/12 is supported by
Bremer Landesbank, nkt cables GmbH,
Nordwestassekuranz Makler GmbH & Co.
KG, and Siemens AG.

Project Description
While the curriculum of the Continuing
Studies Program Offshore Wind Energy
covers all relevant topics of offshore wind
projects, e.g. offshore technology, maritime
environment, project development, finance,
insurance, logistics, installation, operation
and maintenance, and others, it is its main
focus to teach the interdependencies, interfaces, and risks involved in these projects.
The program offers continuing education
and interdisciplinary know-how for specialists in order to improve their competences
to work in and manage offshore wind energy projects with their specific high complexity, high costs, and risks involved.
The offshore wind energy sector is driven
by companies emerging from different industrial backgrounds: namely the maritime
sector, the (onshore) wind energy, and energy supply. The task of the Continuing
Studies Program Offshore Wind Energy is
to bring experts from these different cultures together and provide the platform for
knowledge transfer and mutual learning.
The program has an interdisciplinary and
project oriented focus. The participants
come from different professions – with a
technical, commercial or legal background.
Learning is organized not as one-way communication from teachers to students but
encourages mutual learning and the sharing
of experiences – because the students themselves are experts in their specific field of
expertise.
The Continuing Studies Program Offshore
Wind Energy uses a special and well established portfolio of different learning
and teaching methods a so called "blended
learning mix". Thus, students are enabled to
learn in different ways while they are still
on their jobs, for example, by private study,
classroom introduction, e-learning, as well
as case study work in project teams.

The curriculum of the Continuing Studies
Program Offshore Wind Energy introduces
the students systematically to the technology and the management of offshore wind
energy projects. The syllabus is divided
into five modules: Offshore Conditions and
Wind Farm Design, Project Development,
Offshore Wind Farm Components and Procurement, Offshore Wind Farm Installation
and Offshore Wind Farm Operation. These
five modules correspond to five classroom
instruction periods that are organised on a
bi-monthly schedule. They not only provide
in-depth insights into all phases of an offshore wind farm’s life cycle, but simultaneously form the substantive framework for
case study work.
The Continuing Studies Program Offshore
Wind Energy fosters professional skills
which are needed in the highly dynamical
business of offshore wind energy, such as
capability of managing innovation processes. This puts high expectations on the professional skills such as multi-disciplinary
expertise, management skills and acting
on an international level. By working on
praxis-oriented case studies those skills are
directly trained.
During the nine month period of intensive
studying the students will develop a network to lecturers and students which are
from different areas of the offshore wind
energy sector. Those contacts provide a sustainable network for their professional career. Networking will be supported through
an active alumni work once students have
graduated from the Continuing Studies Program Offshore Wind Energy.
The first pilot run of the Continuing Studies
Program Offshore Wind Energy has started
in October 2012 and finishes in May 2013.
The course is fully booked with 24 participants.
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Figure: First course of the Continuing Studies Program Offshore Wind Energy 2011/12

Summary
The Continuing Studies Program Offshore
Wind Energy is especially designed to meet
the needs of the growing offshore wind
energy industry. Special attention is given
to the whole life cycle of an offshore wind
farm and the complex management challenges. The Continuing Studies Program
Offshore Wind Energy is a part-time studies
program for professionals using a "blended
learning mix" of distance education, elearning, classroom teaching, and project
work. With the first pilot course finishing in
May 2013 the project will enter its regular
operation with the second course starting in
September 2013. The application deadline
is June 30th 2013.

www.offshore-wind-studies.com
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ForWind-Academy:
Partner for Qualification in the Wind Energy Sector
ForWind:
Katharina Segelken, Stephan Barth, Moses
Kärn, Christoph Schwarzer
Partner: Overspeed GmbH & Co. KG)

Introduction
According to the European Wind Energy
Association, wind energy and especially
offshore wind energy have experienced
tremendous growth in 2012 despite market
uncertainties: "EU wind power installations for 2012 do not show the significantly
negative impact of market, regulatory and
political uncertainty sweeping across Europe since the beginning of 2011. The turbines installed during 2012 were generally
permitted, financed and ordered prior to
the crisis feeding through to a destabilization of legislative frameworks for wind energy. […] Germany remains the EU country
with the largest installed capacity followed
by Spain, the UK and Italy. […] Offshore
saw a record growth in 2012, and the trend
is expected to continue in 2013 and 2014."
([1] EWEA 2013, 1, p. 3)

Figure 1: Demonstration of a LiDAR-System at the
one-day seminar„LiDAR – Wind measurement for
onshore and offshore Windfarms“ on November 22th,
2012, Bremen, Germany.
Main speakers were Prof. Dr. Dipl.-Ing.Martin Kühn,
Juan José Trujillo M.Sc., both ForWind – Center for
Wind Energy Research, Oldenburg, Germany

Not only due to this growth "the European
wind industry faces a severe skills shortage of around 5,500 appropriately qualified
staff per year. This shortfall could climb
to 18,000 by 2030 - nearly 5% of the entire wind industry workforce - if numbers
of suitable workers don’t increase." ([2]
EWEA 2013, 2, Website)
ForWind-Academy launched in 2008 stands
for high level continuing education for wind
energy specialists and executives in Germany and meets the needs of the growing market for skilled labor force in wind energy.

Project description
ForWind-Academy provides comprehensive qualification on academic level for
the wind energy sector through seminars,
in-house courses, workshops and individual coaching. ForWind-Academy is a joint
project of ForWind and Overspeed GmbH
& Co. KG. This co-operation opens up a
great possibility to provide high-quality
seminars and advanced training on topics
ranging from research to application in the
industry. The wide network of ForWind
makes it possible to provide expert speakers from inside and outside university. Dr.
Hans-Peter (Igor) Waldl himself, managing director of Overspeed GmbH & Co.
KG, possesses an expertise as a consultant
and course instructor with 20 years of wind
energy experience.
The seminar program comprises the wind
energy topics of planning, management
as well as technology. Seminars on offer take up current issues occurring in the
real-world and present interfaces to scientific knowledge gained from research and
development. The Academy is particularly
adept when it comes to a high level of expertise and the didactic preparation of seminar topics and content. ForWind-Academy
follows high ambitions and is not merely

offering introductory knowledge in a rush.
Seminars convey fundamental knowledge,
give insight into research questions, and
offer practice oriented know-how.
The Academy offers a platform for intensive advanced education and the exchange
of ideas among experts in the field. It brings
together people with different occupations,
experience, and careers. Target groups are
young professionals as well as experts and
decision makers in the wind energy sector. Also, those who wish to enter this field
find seminars that suit their needs for an
introduction into wind energy. Apart from
advanced training, ForWind-Academy also
aims at creating and supporting an alumni
network of experts.
In 2012, a total of 23 one-, two- and threeday seminars were offered with round
about 356 participants. Compared to 2011,
six completely newly developed seminars
have been offered in 2012 covering the following topics: health and safety measures
for onshore wind energy, load assumptions
and simulation, grid integration of renewable energy sources, dynamic, load and
design of wind turbines and components,
calculation of profitability and wind energy
in forests.
Due to the fact that Hamburg becomes
more and more important when it comes
to wind energy topics, the city has been
chosen as the new location for the seminar
"project management techniques for the
wind energy". The seminar "Technische
Betriebsführung von Windparks" has been
restructured and the concept has been
adapted to an innovative workshop.
ForWind’s great success is based on its network and co-operations: In 2012 the co-operation with Haus der Technik e.V., Essen,
has been intensified. The growing number
of participants reflects the great success of
the partnership. With multiple seminar lo-
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cations, an increased marketing and a combination of wind energy and technological
know-how ForWind and Haus der Technik
e.V. expect the number of participants to
rise in 2013. Furthermore, a new co-operation with the Renewable Energy Cluster
Hamburg (EEHH) has been established in
2012. The two-day seminar "Grid connection of renewable energies" took place in
October 2012 in Hamburg.

ForWind-Academy has also joined the
"Windenergietage 2012" in Bad Saarow
from November 13th to November 15th
2012. This conference in the Berlin/
Brandenburg area has been visited by
round about 850 participants. ([7] Windenergietage 2013, Website) During one session Katharina Segelken, project leader of
ForWind-Academy since April 2012 introduced the audience to the topic of "Wissen
ist Macht" (knowledge is power). In the
same session the ForWind-Academy experts Wilfried Schäfer and Gerhard Sartory
presented their seminars "Arbeitssicherheit
kompakt für die On- und Offshore-Windenergie" as well as "Wirtschaftlichkeitsberechnungen von Windparks" to the audience. New objects for marketing have been
developed for the ForWind-Academy in
2012. Amongst others a new roll-up and a
new poster have been designed.

Ihr Partner für Qualiﬁzierung
in der Windenergie

Foto: Doti 2009/Matthias Iberer

Foto: GE Energy

ForWind-Academy was active in 2012 in
participating in a workshop about qualification needs and career possibilities in
the wind energy sector. ForWind in cooperation with the network Wind Energy
Agency WAB organized the successful
workshop "Qualification in the Wind Energy Industry" which took place at HUSUM
WindEnergy 2012 at the windcareer job
fair in Husum, Germany. Round about 100
visitors came during the one-day workshop
and gathered information on further training opportunities and ForWind-Academy.

Ihr Partner
für Qualifizierung
in der Windenergie

www.forwind-academy.com

www.forwind-academy.com
Ein Gemeinschaftsprojekt der Partner:
Bremen
Hannover
Oldenburg

Fotos: GE Energy (l); Doti 2009/Matthias Iberer

Ein Gemeinschaftsprojekt der Partner:
Bremen
Hannover
Oldenburg

Figure 2 and 3: The newly designed Roll-up and poster of the ForWind-Academy

Summary
ForWind-Academy, together with Overspeed GmbH & Co. KG., has established
its reputation as one of the institutes to look
at when it comes to high-level seminars
dealing with current topics on an academic
level and with a high degree of relevance
to practical applications. ForWind-Academy offers continuing education for wind
energy specialists and executives in Germany. The seminar program comprises the
wind energy topics of planning, management as well as technology. The seminars
offer the opportunity of continuing education which is desperately needed due to the
background of scarce skilled labour force
in wind energy.
The results of the intensified co-operation
with Haus der Technik e.V. in 2012, are
first of all an extended pool of speakers that
could be generated. Furthermore, the venues for the seminars can be chosen much
more flexible. The marketing activities
for the seminars have also been extended.
Speakers possess proven expert knowledge
and the growing number of participants re-

flects the great success of the partnership.
In 2013, ForWind-Academy will continue
the co-operation with "Haus der Technik
e.V." in Essen, Germany, and will aim at a
further adaption of seminars according to
current developments of the wind energy
branch as well as to evaluations of past
seminars.
The new and innovative structure of the
Workshop Technische Betriebsführung has
been evaluated extremely positive by the
participants. The workshop character is a
model that definitely suits the needs of the
still young branch.

References
[1] EWEA, Brussels, Belgium, Wind in power –
2012 European statistics, February 2013, Website,
http://www.ewea.org/fileadmin/files/library/publications/statistics/Wind_in_power_annual_
statistics_2012.pdf, accessed 22/03/2013
[2] EWEA, Brussels, Belgium, EU wind industry
skills shortage, February 2013, Website,
http://www.ewea.org/press-releases/detail/?tx_
ttnews%5Btt_news%5D=2023&cHash=b49
94a852c7495f5793ff8b4f5f9ce68, accessed
22/03/2013
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Job and Education Fair “zukunftsenergien nordwest 2012”

ForWind – Center for Wind Energy
Research of the Universities Oldenburg,
Hanover, and Bremen
Corinna Wermke, Christoph Schwarzer
Partners:
Windenergie-Agentur Bremerhaven/
Bremen e.V. (WAB),
Bremerhavener Gesellschaft für
Investitionsförderung und
Stadtentwicklung mbH (BIS),
Stadt Oldenburg, Wirtschaftsförderung,
Oldenburger Energiecluster (OLEC) e.v.,
Hochschule Bremerhaven
Sponosored by:
Bremer Landesbank, Enercon GmbH
Under the patronage of the
Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety,
Minister Dr. Norbert Röttgen.

Introduction
The renewable energies are an important
economic factor in Germany and especially
in the northwest region. Their potential for
growth is high, and they offer an important
perspective for future employment. With
more than 380.000 employees nationwide
the renewable energies are a job-motor
already. Experts predict a further development of more than 500.000 jobs until 2030.
But at the same time, the renewable energies sector, like many others, suffers from
a lack of specialists. And there still are not
enough adequately specialized training and
further education programs. The renewable
energies are a relatively new occupational
area and always in competition to other
well established career paths in traditional
industries. Therefore the job and education
fair in the Northwest, the "zukunftsenergien nordwest", is still an important event
for the region demonstrating its rich job
and qualification opportunities in renewable energies.

Project Description

Outlook

The job and education fair for renewable
energies and energy efficiency, the "zukunftsenergien nordwest", opened its gates
for the third time on the 9th and 10th March
2012 in Oldenburg. It reached an exhibitor record from 96 companies, universities,
institutes for further training and research
institutes involved in renewable energies
and energy efficiency. The more than
4.000 visitors of the fair met attractive
employers with open job opportunities
and traineeships. They informed themselves on prospects for further education, and received insight into the branch
by taking part in 5 technical workshops.
The "zukunftsenergien nordwest" offered
exhibitors a high-profile public platform
where companies and service providers
meet together with an audience interested
in their sector along with potential young
applicants and those looking to enter from
other fields of expertise. This program
was complemented by excursions to wellknown companies and regional facilities as
well as application trainings.

The "zukunftsenergien nordwest 2013"
is set to grow in 2013. Sponsors will stay
the same and will be Bremer Landesbank
and Enercon GmbH. The Partners will stay
the same just as the patronage of the Federal Ministry for the Environment, Nature
Conservation and Nuclear Safety, Minister
Peter Altmaier.

The public funding by the Metropolregion
Bremen-Oldenburg e.V. has been ceased
for the year 2012. And the "zukunftsenergien nordwest" managed to finance itself
well without funding.
The "zukunftsenergien nordwest" is supposed to take place once a year alternatingly in Oldenburg and Bremen. It started
2010 in Oldenburg.

Annual Report 2012

Figure 1: Job and Education Fair “zukunftsenergien nordwest 2012”
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MINT-Online:
Certificate Program in Advanced Wind Energy
Carl von Ossietzky Universität Oldenburg,
Institute of Physics,
Andreas Schmidt

Introduction
In the competition "Advancement through
Education: Open Universities" run by the
German Federal Ministry of Education and
Research (BMBF), 26 projects have been
selected out of 167 applications. One of
these 26 projects is the joint project "BuildUp of Extra-Occupational Premium-Studies
for MINT-Subjects – MINT-Online". The
aim of this project is to improve the position of German universities in the education
market for advanced study programs in the
fields of mathematics, computer science,
natural sciences and technology. This market is currently dominated by universities in
the United States of America.
The study programs of "MINT-Online" are
designed as internet based "blended-learning" mix of self-instruction and classroom
teaching periods. Due to their design they
are especially attractive to non-traditional
students:
• management trainees and future executives, who want to study parallel to their
job,
• employees currently on family leave, or
unemployed who want to return to the job,
• bachelor graduates with job experience
who want to proceed to a master degree.
All programs are in English and address interested students world-wide.
The entire project is coordinated by the
University of Oldenburg. The educational
and technical realization is supported by the
Center for Long Life Learning (C3L) at the
University of Oldenburg. The instructional
design and the online teaching technologies

are delivered by the Fraunhofer Academy in
Munich. The study programs are developed
by four universities, the research institute
NEXT ENERGY and three Fraunhofer institutes, as follows:
• Master degree courses: Online Acoustics
(University of Stuttgart), Wind Energy
Systems (University of Kassel, Fraunhofer IWES) and Renewable Energy "PPREonline" (University of Oldenburg).
• Certificates programs: Electro-Mobility
(Fraunhofer IFAM), Decentralized Energy Storage Systems (NEXT ENERGY Institute), Advanced Wind Energy – Computational Fluid and System Dynamics
(ForWind – University of Oldenburg) and
Hearing-, Voice- und Audio Technology
(University of Oldenburg).
• Additionally, two existing programs are
substantially extended: The Interdisciplinary Distance Study Environmental Science (University of Hagen, Fraunhofer
UMSICHT) and the Master Online Building Physics (University of Stuttgart).
"MINT-online" is one out of a large number
of projects in Germany under the umbrella
of "Aufstieg durch Bildung: offene Hochschulen" by the German Federal Ministry of
Education and Research (BMBF).

Project Description
The certificate program "Advanced Wind
Energy – Computational Fluid and System
Dynamics" (AWE program) addresses electrical and mechanical engineers and physicists with a graduate degree or equivalent
degree. Graduates with these backgrounds
can be accepted to the program, if they e.g.
want to get a specialization for wind energy after their degree or want to change
their industrial sector. ForWind intends to
offer the certificate program worldwide in
order to educate available highly qualified
employees for research and development
in the field of wind energy utilization.
The structure of the AWE program starts
with a bridge module which is intended
to build up the basic knowledge for all
students (Fig. 1). After the bridge module
the students can choose between two specialization tracks: Energy Meteorology or
Wind Energy Systems.
As a typical example, a graduate physicist
may choose Energy Meteorology in order
to work as expert for wind resource assessments in a company or in a research
institute. A graduated mechanical engineer
may, for example, choose the Wind Energy
Systems track in order to become a scientist for wind energy systems research or engineer for development and design of wind
turbines. The extension module is intended
to teach the handling of measurement data
and to show practical examples of specific
measurement techniqes e.f. lidar.
The Certificate Program Advanced Wind
Energy will be integrated in the master
course "PPRE-online" in a way that it can
count as elective courses. The Postgraduate Program Renewable Energy (PPRE)
at the University of Oldenburg is a wellestablished international full-time master
program. It offers a MSc program of 18
months (3 terms) on the fundamentals of
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renewable energies, designed for scientists
and engineers. Since the start of PPRE in
1987 more than 320 participants from over
77 countries have graduated. PPRE-online
will be the part-time variant of the longstanding and successful full-time program.

Summary
Within the "MINT-Online" project ForWind is developing the "Certificate Program in Advanced Wind Energy" as
distance education for scientists and engi-

neers. Currently the program is in the development phase. First test runs of selected
modules are expected for 2013 and 2014;
live operation will start in 2015.

The structure of the AWE program

Bridge Module
Wind Energy Utilisation				

3ECTS

Fluid Dynamics I

					

3ECTS

Computational Fluid and System Dynamics I (CFD I)		

3ECTS

Track I: Energy Meteorology

Track II: Wind Energy Systems

Energy Meteorologie and
Numerical Methods for Wind Energy 1

3ECTS

Energy Meteorologie and
Numerical Methods for Wind Energy 2

3ECTS

Design of Wind Energy Systems		

3ECTS

Aeroelastic Simulations of Wind Turbines

3ECTS

Extension Module
Measurments and Validation for
Advanced Wind Energy (Lab and Field Project)

Figure 1: Structure of the certificate “Advanced Wind Energy – Computational Fluid and System Dynamics”

8ECTS
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PUBLIC RELATIONS – EVENTS – FAIRS

ForWind EVENTS
Hannover Messe 2012, April 23rd-27th
ForWind – Head Office
Elke Seidel

In 2012 ForWind participated in the annual Hannover Messe again as a part of the
joint stand of Lower Saxony "Energie aus
Niedersachsen". ForWind introduced its
services and achievements in research as
well as in consultancy, education, further
education and scientific events.
Special attention was drawn to the new
international Continuing Studies Program
Offshore Wind Energy – which started in
September 2012 for the first time.

For laboratory wind flows, the further enhanced 2D-Laser-Cantilever-Anemometer
for high-precision measurements of wind
speeds and directions was demonstrated
and could be tested by visitors.
Another exhibit in Hanover was MultiLIDAR, a measurement facility based on
LIDAR (Light Detection And Ranging),
which is under further development at ForWind. Multi-LIDAR allows for velocity measurements in complex atmospheric
flows in three dimensions with a high temporal and spatial resolution. Great fun was
again an exhibit explaining the formula
of how electrical power is generated out

of wind speed and also at what speed and
why wind power turbines have to cut out –
a schooling exhibit for visitors to turn the
crank yourself.
Amongst many others, ForWind could
welcome several political guests: Günther
Öttinger, EU-Commissioner for energy,
David McAllister, Prime Minister of Lower
Saxony, Prof. Dr. Johanna Wanka , Minister
of Science and Culture, Jörg Bode Minister
for Economics, Labour and Transport, Dr.
Stefan Birkner, Minister for Environment,
Energy and Climate Protection as well as
several international delegations, school
classes and interested guests.
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HUSUM WindEnergy 2012, September 18th-22nd

ForWind – Head Office
Elke Seidel

introduced a system for the early detection of damages in rotor blades of wind
turbines.

ForWind attended the fair HUSUM WindEnergy 2012, September 18th to 22nd, again
with a booth shared with the EWE AG.

In addition to latest research results in wind
energy ForWind also informed about education and further education. Wind Energy
as a part of several fields of study is offered
at all three ForWind universities.

The University of Bremen presented an
"Optical Position Sensor for Applications
in Wind Turbines". A model for LIDAR
(Light Detection and Ranging), a method
to measure turbulent wind fields in order
to fully understand the complex flow conditions was contributed by the University
of Oldenburg. The University of Hannover

A Master`s degree "Wind Energy Engineering" is organised at the Leibniz Universität Hannover. The joint Erasmus
Mundus master program European Wind
Energy Master (EWEM) is offered by a
consortium of four renowned universities

in wind energy and offshore technology:
Delft University of Technology (TU Delft,
coordinating university), Technical University of Denmark (DTU), Norwegian
University of Science and Technology
(NTNU) and the Carl von Ossietzky Universität Oldenburg (UniOL).
In addition to the existing ForWind Academy and the Continuing Studies Program
Wind Energy Technology and Management ForWind presented the new Continuing Studies Programme Offshore Wind
Energy (course language is english) having
started in September 2012.
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Research Alliance for Wind Energy at WindForce 2012,
June 26th-29th
ForWind – Head Office
Elke Seidel
Partner: German Aerospace Centre (DLR),
Fraunhofer Institute for Wind Energy
System Technology (IWES)

The German Aerospace Centre (DLR), ForWind and the Fraunhofer Institute for Wind
Energy and Energy System Technology
(IWES) have joined their forces to form the
Research Alliance for Wind Energy.
The objective of this new research alliance is to increase the capacity in the field
of wind energy research and to support the
German wind energy industry in the international competition. The combined know-

how of more than 600 scientists will pave
the way for groundbreaking impulses for a
renewable energy future based on on- and
offshore wind energy.
The joint stand of the three research institutions at the international trade fair
WindForce in Bremen was the first public
appearance of the Research Alliance for
Wind Energy.
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DEWEK 2012 – 11th German Wind Energy Conference,
November 7th-8th
ForWind – Head Office
Elke Seidel
Partner: German Aerospace Centre (DLR),
Fraunhofer Institute for Wind Energy
System Technology (IWES)

ForWind participated in the 11th German
Wind Energy Conference DEWEK on November 7th and 8th 2012 in Bremen.
Together with its partners the German Aerospace Centre (DLR) and the Fraunhofer
Institute for Wind Energy and Energy Systems Technology (IWES) ForWind jointly
presented a unique alliance – the Research
Alliance for Wind Energy – with a booth.

As in the years before ForWind also covered a remarkable part in the whole program with six scientific posters, fourteen
talks out of 105 being given by ForWind
members directly as well as ForWind
members being involved and referred to
in another five talks and providing a chair
person in four different sessions.

ForWind

Center for Wind Energy Research

ForWind at DEWEK 2012
Oral presentations
November 7th, 2012
Session 1: Offshore I - RAVE/FINO
11:15 Verification of Offshore Wind Turbines at Ôalpha ventusÕ - Overview on the Results of
the Project RAVE-OWEA (E)
M. KŸhn, G. Steinfeld, J. Tambke, J.-J. Trujillo, M. WŠchter, ForWind; P. W. Cheng, D.
Kaufer, T. Lutz, K. Meister, J. Quappen, A. Rettenmeier, U. Smolka, UniversitŠt Stuttgart; J.
Dubois, ForWind Leibniz UniversitŠt; S. Emeis, R. Foreman, IMK-IFU; J. Kruse, REpower
Systems AG; D. KŸhnel, T. Neumann, A. Westerhellweg, DEWI; B. Siegmeier, AREVA Wind
GmbH
11:45 Influence of Marine Boundary Layer Characteristics on Power Curves of Multimegawatt Wind Turbines (D)
M. DšrenkŠmper, J. Tambke, G. Steinfeld, D. Heinemann, M. KŸhn, ForWind
Session 3: Operational Experiences I
11:15 GIS-based Analysis of the Profitability of Wind Turbines, with Respect to Land Use
Restrictions, Wind Speed and Different Hub Height (D)
F. Haack, L. v. Bremen, J. Tambke, ForWind
Session 4: Offshore II - Wind Farms
13:45 ÔGW WakesÕ: Measuring Wake Effects and Wake Turbulence Characteristics of Very
Large Offshore Wind Farms with Synchronised Long-range LiDAR Windscanners (E)
J. Schneemann, J.-J. Trujillo, D. Trabucchi, G. Steinfeld, M. WŠchter, H. Beck, M. KŸhn,
ForWind; D. Brickwell, BARD Engineering GmbH; B. Stoevesandt, Fraunhofer IWES
14:30 Mesoscale Simulation Study of Large Offshore Wind Farms
E. StŸtz, G. Steinfeld, D. Heinemann, ForWind (D)
Session 5: Monitoring
13:45 Stochastic Data Analysis for In-situ Damage Analysis (E)
P. Rinn, H. Hei§elmann, M. WŠchter, J. Peinke, ForWind

November 8th, 2012
Session 11: Wind Resource II
08:45 Diagnosing the Key Drivers for Improved German Wind Power Forecasts Over the
Last Decade
L. von Bremen, ForWind
09:30 Error Smoothing and Decorrelation: Favourable European Sites for Large-Scale Wind
Power Deployment
N. Stoffels, L. v. Bremen, D. Heinemann, Uni Oldenburg
Session 13: Offshore V - Wind Turbine
11:00 Grouted Connections with Large Annulus in Offshore Wind Turbines and Substations
A. Bechtel, P. Schaumann, S. Lochte-Holtgreven, Leibniz UniversitŠt Hannover, Stahlbau
Session 14: Performance Verification
11:45 Determination of Stationary and Dynamical Power Curves Using a Nacelle-based
LiDAR System (D)
I. WŸrth, A. Rettenmeier, P. W. Cheng, UniversitŠt Stuttgart SWE; M. WŠchter, P. Milan, J.
Peinke, ForWind
Session 15: Loads
10:45 Wind Energy Converters with Advanced Power Electronics for Load Analysis (E)
M. Beyer, U. Ritschel, Nordex Advanced Development GmbH; C. Mehler, M. Joost, B. Orlik,
Uni Bremen, IALB
Session 17: Measurements
13:45 The Sphere Anemometer: Characteristics and Results from Field Test (D)
H. Hei§elmann, J. Peinke, M. Hšlling, ForWind
Session 18: New Developments

14:30 Condition Monitoring and Non-Destructive Testing of Rotor Blades Using Infrared
Thermography (E)
P. Meinlschmidt, J. Aderhold, Fraunhofer WKI; O. Lutz, SVB Otto Lutz; G. GŸlker, D.
Traphan, UniversitŠt Oldenburg, ForWind

14:15 Investigation of Concentrator Effects for a H-Darrieus Turbine Integrated in a Building
with OpenFOAM (E)
M. Schramm, H. Plischka, B. Stoevesandt, Fraunhofer IWES; J. Peinke, ForWind

Session 7: Offshore III - Conditions

Session 19: Simulation Wind II

16:15 ÔBaltic IÕ: Advancing Offshore Wind Power Research - First Results on Probabilistic
Wind Power Forecasts (E)
C. Junk, L. von Bremen, M. DšrenkŠmper, D. Heinemann, J. Riepe, G. Steinfeld, J. Tambke,
M. WŠchter, M. KŸhn, ForWind; P. W. Cheng, SWE, Univ. of Stuttgart; S. Haag, EnBW
Erneuerbare Energien GmbH

16:30 Modelling the Turbulent Power Output of a Wind Farm (E)
P. Milan, M. WŠchter, J. Peinke, ForWind

17:00 Cost Reduction of Offshore Support Structures by Means of Integrated Design,
Turbine Controls and Innovative Transport and Installation Techniques (E)
T. Fischer, Ramboll Offshore Wind; M. KŸhn, ForWind; P. W. Cheng, UniversitŠt Stuttgart
SWE

16:30 Changing Behaviour of a Wind Power Station to a Steam Power Plant in Detail (D)
M. Schmidt, F. Fein, B. Orlik, Uni Bremen IALB

Session 8: Wind Resource I

Poster

17:00 Analysis of Thermal Effects on the Wind Farm Flow by the Means of Large Eddysimulation (D)
G. Steinfeld, B. Witha, H. Ambroise, M. DšrenkŠmper, D. Heinemann, ForWind

Chairpersons
November 7th, 2012
Session 4: Offshore II - Wind Farms - D. Heinemann, D. Stein
Session 8: Wind Resource I - J. Peinke, Martin Strack
November 8th, 2012
Session 13: Offshore V - Wind Turbine Ð A. Reuter, P. Schaumann
Session 16: Simulation Wind I Ð S. Emeis, M. KŸhn

Side Event
Workshop ÒMeteorological tools and services to support the grid integration of wind
power and other renewable energiesÒ
The workshop is organized by the University of Oldenburg and the Brazilian Institute for
Space Research (CCST/INPE) as part of the German-Brazilian program Novas Parcerias:
Cooperaç‹o Academica e Tecnica entre Brasil e Alemanha (New Partnerships: Linking
Academic Cooperation with Technical Coopera- tion), and is Þnanced by the Deutscher
Akademischer Austauschdienst (DAAD) and CAPES.

Session 21: Grid Integration II

2 New Developments
2.11 Challenges in the Automated Handling of Textiles for Large Scaled Composites
M. Rolbiecki, J.-H. Ohlendorf, K. -D. Thoben, D. H. MŸller, UniversitŠt Bremen - BIK
4 Simulation Wind Turbine
4.2 Effect of Spinner Geometry on the Flow in the Blade Root Region of Modern Wind
Turbines
S.-Y. Lin, J. Seume, Leibniz UniversitŠt TFD
10 Offshore WInd Turbine
10.1 Development of a Design and Simulation Framework for Offshore Wind Turbine
Support Structures
B. M. Reil, R. Rolfes, Leibniz UniversitŠt ISD
10.12 Wake Induced Wind Turbine Loads - Comparison of Engineering Models with
Measurement Data in the Offshore Test Field Ôalpha ventusÕ
B. Kuhnle, J.-J. Trujillo, M. KŸhn, ForWind; P. Baulig, TU Berlin
11 Offshore Conditions
11.10 Wind Conditions in North and Baltic Sea: Model Performance at FINO1, FINO² and
FINO³
J. Tambke, M. Schmidt, L. von Bremen, ForWind; J. A. T. Bye, University of Melbourne,
Australia; T. Ohsawa, Kobe University, Japan; J. -O. Wolff, UniversitŠt Oldenburg, ICBM
11.12 HyproWind: Realistic Underwater Sound Scenarios During Wind Farm Construction in
the German North Sea
T. Neumann, B. Neddermann, A. LŸbben, J. Gabriel, DEWI; M. Fricke, T. Grie§mann, ISD;
M. Eickmeier, K. Herklotz, BSH
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EUROMECH Colloquium 528, February 22nd-24th

Carl von Ossietzky Universität
Oldenburg, Institute of Physics,
AG Turbulence Wind Energy and
Stochastics
Joachim Peinke, Michael Hölling,
Hendrik Heißelmann, Elke Seidel (Head
Office)
Partner: Gotland University,
European Academy of Wind Energy
(EAWE),
European Research Community On Flow,
Turbulence And Combustion (ERCOFTAC)
Find further information and the
complete program on the conference
website:
http://picard.hgo.se/~euromech/

The conference on Wind Energy and the impact of turbulence on the conversion process was organized as EUROMECH Colloquium 528 in cooperation with the EAWE
(European Academy of Wind Energy) and
the ERCOFTAC (European Research Community on Flow, Turbulence and Combustion).
A better understanding of turbulence and
the impact of turbulence on the wind energy
conversion process is one of the great challenges for wind energy and is even growing
with the increasing size of the turbines.
140 participants from 17 nations attended
the colloquium 528, contributing important
expertise and discussing new knowledge
and applications for wind energy.

Special topics have been:
•

•
•
•
•
•
•

energy meteorology - atmospheric
turbulence and its impact on the power production
flow modeling – CFD in particular
LES modeling for wind turbines
turbulence - and its characteristic feature like the inflow conditions
rotor aerodynamics – dynamic stall,
flow control
fractal and multi-scale generated turbulence
dynamics of wind turbines
wake effect and flows inside of wind
parks
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The Science of Making Torque from Wind 2012,
October 9th-11th
ForWind – Head Office
Stephan Barth, Elke Seidel

The European Academy of Wind Energy
(EAWE) was pleased to announce its 4th
scientific conference "The Science of Making Torque from Wind" on October 9th-11th
2012 at the University of Oldenburg.
Predecessors have successfully been arranged in Delft, The Netherlands (2004),
Lyngby, Denmark (2007) and Heraklion,
Greece (2010).
During those years the Torque Conference has established itself as Europe's
leading scientific wind energy conference.
The 2012 edition had been organized in
the same tradition. Various experts from
academia and industry discussed the latest
results and developments in fundamental
and applied wind energy research.
More than 20 conference sessions, more
than 175 presentations and more than
300 experts from academia and industry
left their mark on "The Science of Making Torque from Wind" Conference. With
these numbers the EAWE conference 2012
has been the biggest, yet.
The 7 keynote lectures provided the delegates with a unique overview on the
state-of-the-art of science and technology.
In the conference sessions the participants
presented and discussed the most recent results in wind energy research.
Lively discussions also followed during
coffee and lunch breaks, the beer reception and the conference dinner. An excellent background atmosphere to share
knowledge and develop new ideas. Closing with the lab tour, giving the chance to
have a peek in some of the laboratories and
Oldenburg University‘s current wind tun-

nel, the three-day conference opened up
an extensive program of great benefit for
young and senior scientists. Three Poster
Awards were assigned and the Excellent
Young Wind Doctor Award and the Scientific Award were awarded for outstanding
scientific work.

In addition – for the first time – the European Academy of Wind Energy awarded
the EAWE Honorary Membership to Prof.
Dr. Jürgen Schmid.
Find the complete program on the conference website:
www.forwind.de/makingtorque
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Symposium energy 2050, May 14th-15th

ForWind – Head Office
Stephan Barth, Elke Seidel
Detlev Heinemann, Katharina Segelken
Partner: Next Energy e.V., OFFIS e.V.

In cooperation with NEXT Energy e.V. and
OFFIS e.V. ForWind organized the 1. Oldenburger symposium energy 2050 on May
14th/15th within the mutual platform of
ENERiO – Energy Research in Oldenburg
e.V., supported by the Ministry for Science
and Culture of Lower Saxony.

The energy system will look fundamentally different by 2050. To face the challenges
of this change a close dialogue between
policy, science and economy is essential
and was in several different sessions discussed by more than 170 participants at the
symposium energy 2050.
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Global Wind Day with ForWind

ForWind – Head Office
Elke Seidel
"Global Wind Day is a worldwide event
that occurs annually on 15 June. It is a day
for discovering wind, its power and the
possibilities it holds to change our world.
The European Wind Energy Association
– EWEA – and the Global Wind Energy
Council – GWEC – coordinate the Global
Wind Day through a network of partners.
The day started as a European one in 2007

and went Global in 2009. On 15 June,
thousands of public events are organised
all over the world."*
ForWind supported the Global Wind Day
in 2012 by participating in the Theme Day
of the Botanic Garden in Oldenburg presenting an experiment for power curves
and stop device "to crank yourself". A
small booth also offered information material about wind energy and wind energy research as well as give-aways for children.
In 2012 Theme of the Day of the Botanic

Garden in Oldenburg and of many other
Botanic Gardens nationwide were renewable resources. The program included
stations for experiments for children and
different information desks for alternativ
energies.
ForWind also supported the annual "Klimalauf" in Bremerhaven for pupils as of
fifth grade.

*Source:
http://www.globalwindday.org/
about-wind-day/
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Opening Ceremony Schlaues Haus 2012, September 28th

ForWind – Head Office
Elke Seidel

The opening ceremony for a new place for
education and events – Schlaues Haus –
took place on September 28th 2012 in Oldenburg.
One of Oldenburg`s oldest buildings was
rebuilt and renovated to provide suitable
surroundings for transfer of knowledge –
public lectures and exhibitions.

Next to the formal opening and welcoming
speeches the ceremony included an exhibition of research and education in front of the
castle of Oldenburg.
The ForWind pavilion offered infomation
about wind energy and wind energy research as well as activities for children and
adults. The opening day was accompanied
by a show program including the famous
mouse of the tv-show "Die Sendung mit der
Maus". In the evening several short lectures
gave insight into different topics such as

energy. For ForWind Dr. Michael Hölling
gave a talk about wind energy and turbulence.
Dr. Josef Lange, State Secretary of the
Ministry for Science and Culture of Lower
Saxony,
Prof. Dr. Babette Simon, President of the
University of Oldenburg,
and Prof. Dr. Elmar Schreiber, President of
the Jade Hochschule Wilhelmshaven Oldenburg Elsfleth
were amongst the interested visitors.
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Presidentship of EAWE

In September 2012 at the Swiss Federal
Institute of Technology Zurich Prof. Dr.
Joachim Peinke was appointed President
of the European Academy of Wind Energy
(EAWE). Joachim Peinke is professor for

physics at the University of Oldenburg and
member of the Executive Board of ForWind. The EAWE is a registered body of
research institutes and universities in Europe working on wind energy research and

development. The Academy was founded
in 2004 to formulate and execute joint
R&D projects and to coordinate high quality scientific research and education on
wind energy on a European level.

Selection of International Delegations and Visitors
Representative of Canadian Embassy at ForWind
Arndt Ulland, Representative of the Canadian Embassy for Research and Technology met Prof. Dr. Martin Kühn, member of
ForWind`s Executive Board, and Michael
Golba, Postgraduate Programme Renewable Energy (PPRE) in January to discuss
state of the art wind energy research in Canada and Germany. Ulland informed him-

self about education and further education
in wind energy at ForWind and manifested
the interest of the Canadian government
in a cooperation. A binational cooperation
between the Universities of Oldenburg and
Victoria (Canada) concerning renewable
energies is in existence since 2011.

SPD Delegation Interested in Wind Energy
Seven delegates of Lower Saxony`s parliamentary group of the Social Democratic
Party of Germany – Olaf Lies (MdL),
Brigitte Somfleth (MdL), Sigrid Rakow
(MdL), Jürgen Krogmann (MdL), Karin
Stief-Kreihe (MdL), Carola Sandkühler,
Detlef Tanke (MdL) – informed them-

selves in February about research directions as well as education and further education in wind energy. Welcomed by Prof.
Dr. Joachim Peinke, member of ForWind’s
Executive Board and Dr. Stephan Barth,
managing director of ForWind.

DAAD Information Visit Marine Environmental Protection Technology and Maritime Energy Generation
Research concerning technologies for protection and energetic use of maritime space
were the centre of attention of the international group of researchers from 14 different
nations visiting ForWind and COAST, the
Center for Environmental and Sustainability
Research at the University of Oldenburg in
June.

Prof. Dr. Joachim Peinke, ForWind, Dr. Roland Hergert, COAST, Dr. Michael Hölling
and Dr. Matthias Wächter, ForWind, informed about energy and wind energy research at the University of Oldenburg. The
end of the visit was a guided tour through
laboratories and wind tunnel.

Renewable Energies – Input for Centres for Education and Further Education in Brasil
Organized by GIZ (Deutsche Gesellschaft
für Internationale Zusammenarbeit GmbH)
experts of the brasilian SENAI – Serviço
Nacional de Aprendizagem Industrial visited
ForWind. The SENAI runs centres for education and further education as well as technical

service centres for the industry in Brasil. On
behalf of the Federal Ministry for Economic
Cooperation and Development (BMZ) the
GIZ consults and supports SENAI in a cooperation project for the development of these
centres in the area of renewable energies.
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Documentation

Publication Lists
1. Peer Reviewed Articles
Beinke, T.; Beinker, D.:
Lean Management in der Kleinserienfertigung – Effizienzsteigerung bei der
Produktion von Windkrafttürmen
In: ZWF – Zeitschrift für wirtschaftlichen
Fabrikbetrieb, 7/2012, pp. 666-670
Droste, R.; Läsche, C.; Sobiech, C.;
Böde, E.; Hahn, A.:
Model-based risk assessment supporting development of hse plans for safe
offshore operations
Formal Methods for Industrial Critical
Systems, FMICS 2012, pp. 146-161 (2012)
Ernst, B.; Seume J.R.:
Investigation of Site-Specific Wind
Field Parameters and Their Effect on
Loads of Offshore Wind Turbines
Energies. 2012; 5 (10): pp.3835-3855
Gafsi, H.; Goch, G.:
Semi-optical in-process-metrology to
determine the roundness deviation of
bearing rings during heat treatment
Materialwissenschaft und Werkstofftechnik 43, Nr. 1-2, pp. 125-129 (2012)
Goch, G.; Knapp, W.; Härtig, F.:
Precision engineering for wind energy
systems
CIRP Annals – Manufacturing Technology
61/II, pp. 611-634 (2012)
Lohaus, L.; Lindschulte, N.; Scholle, N.;
Werner, M.:
Betontechnik für Grouted Joints –
Baustoffliche und bauausführungstechnische Anforderungen
Stahlbau 81, Heft 9 (2012), Heft 9

Stöbener, D.; von Freyberg, A.;
Fuhrmann, M.; Goch, G.:
Areal parameters for the characterisation of gear distortions.
Materialwissenschaft und Werkstofftechnik 43, Nr. 1-2, pp. 120-124 (2012)
Tracht, K.; Maier, J.; Schuh, P.:
Stochastische Einflüsse auf die Instandhaltung von Windenergieanlagen
ZWF Zeitschrift für wirtschaftlichen
Fabrikbetrieb 107, 01/02, pp. 99-103
(2012)
Zhang, P.; Renken, V.; Goch, G.:
Cross-plane quality control concept of
the bearing ring production
Materialwissenschaft und Werkstofftechnik 43, Nr. 1-2, pp. 37-41 (2012)

2. Articles and Conference
Contributions
Ambroise, H.; Steinfeld, G.; Heinemann,
D.; Trujillo, J.J.; Kühn, M.:
Evaluation of the impact of atmospheric conditions on wind turbine wake
model by using alpha ventus wind
farm data
Poster Presentation METTOOLS VIII,
Leipzig/Germany, March 20th-22nd 2012
Anders, G.; Hinrichs, C.; Siefert, F.;
Behrmann, P.; Reif, W.; Sonnenschein, M.:
On the Influence of Inter-Agent
Variation on Multi-Agent Algorithms
Solving a Dynamic Task Allocation
Problem under Uncertainty
2012 IEEE Sixth International Conference
on Self-Adaptive and Self-Organizing
Systems (SASO 2012), Lyon, France (Best
Paper Award)
Beinke, T.; Görges, M.:
Giganten in Bewegung –
Betriebsmittel zum Handling von
Offshore-Komponenten
In: Hebezeuge Fördermittel, 9/2012,
pp. 454-456
Beinke, T.; Oelker, S.:
Zusammen geht es leichter.
In: Logistik heute, 11/2012, pp. 64-65
Beinke, T.; Quandt, M.; Schweizer, A.:
Offshore-Windenergielogistik: Supply
Chain Event Management und Tracking
and Tracing Technologien für ein
stabiles Logistiknetzwerk
In: Müller, E.; Bullinger, A. (Hrsg.):
Intelligent vernetzte Arbeits- und Fabriksysteme. Wissenschaftliche Schriftenreihe
des Institutes für Betriebswissenschaften
und Fabriksysteme, Chemnitz,
pp. 479-486 (2012)
Dörenkämper, M.; Tambke, J.:
Influence of Marine Boundary Layer
characteristics on Power Curves of
Multi-MegaWatt wind turbines
Poster Presentation METTOOLS VIII,
Leipzig/Germany, March 20th-22nd 2012)
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Dörenkämper, M.; Tambke, J.;
Steinfeld, G.; Heinemann, D.; Kühn, M.:
Influence of Marine Boundary Layer
Characteristics on Power Curves of
Multi-MegaWatt Wind Turbines
DEWEK 2012, Bremen/Germany,
November 07th-08th 2012
Dörenkämper, M.; Steinfeld, G.;
Tambke, J.; Kühn, M.:
Atmospheric Impacts on Power Curves
of Multi-MegaWatt Offshore wind
turbines
Poster Presentation EMS 2012 Lodz,
Poland, September, 10th-14th 2012
Dörenkämper, M.;Tambke, J.;
Steinfeld, G.; Heinemann, D.; Kühn, M.:
Atmopsheric Impacts on Power Curves
of Multi-MegaWatt Offshore Wind
Turbines
The Science of Making Torque from Wind,
Oldenburg/Germany,
October 09th-11th 2012
Droste, R.; van Göns, C.; Sobiech, C.;
Hahn, A.:
Fachkräfteausbildung für OffshoreWindparks – Sicherheit im Fokus
Technische Sicherheit 10/2012 VDI-Verlag,
pp. 20-23 (2012)
Drüke, S.; Steinfeld, G.; Heinemann, D.;
Witha, B.; Günther, R.:
Coupling Meso- and Microscale Models
for Simulations of Wake Effects within
Offshore Wind Farms
Poster Presentation Course "Bridging the
Gap between Atmospherc Scales"
Wageningen,The Netherlands,
October 8th-12th 2012
Fein, F.; Orlik, B.:
A hybrid HVDC transmission scheme
for grid connection of offshore wind
farms
PCIM Europe 2012, May 2012,
Nuremberg, Germany
Fuchs, F.; Mertens, A.:
Dynamic modeling of a 2 MW wind
turbine for converter issues: part 1
(EPE PEMC 2011 ECCE Europe),
Proceedings of the 2012-15th
International Conference and Expositon
on Power Electronics and Motion Control,
Novi Sad, Serbia (2012)

Goretzka, J.; Rolfes, R.:
Modal and Robustness Analysis of the
Support Structure of an Offshore Wind
Turbine with Scattered Soil Parameters
Proceedings of 8th PhD Seminar on Wind
Energy in Europe, ETH Zürich (2012)
Haack, F.; von Bremen, L.: Tambke, J.:
GIS-Based Analysis of the Profitability
of Wind Turbines with respect to Land
Use Restrictions, Wind Speed and
different Hub Height
German Wind Energy Conference DEWEK
2012, Bremen, Germany, pp. 1-4
Hinrichs, C.; Lünsdorf, O.;
Loewenstein, C.; Sonnenschein, M.:
Ergebnisse eines Feldtests zum oszillationsfreien Lastmanagement von
Kühl-/Gefriergeräten in Privathaushalten auf Basis von Temperaturvorgaben
VDE-Kongress 2012 – Intelligente Energieversorgung der Zukunft, Stuttgart
Hinrichs, C.:
Ergebnisse eines Feldtests zum oszillationsfreien Lastmanagement von
Kühl-/Gefriergeräten in Privathaushalten auf Basis von Temperaturvorgaben
VDE-Kongress 2012, Stuttgart, November
5th-6th 2012
Hinrichs, C.:
A Decentralized Heuristic for MultipleChoice Combinatorial Optimization
Problems
Operations Research 2012, Hannover,
September 4th-7th, 2012
Ihmels, I.; Richter, J.; Korte, H.;
Schimmelpfennig, M.; Ebben, A.:
Experience with the Heavy-Lift Crane
Simulator Elsfleth
International Navigation Simulator
Lecturer Conference, Rostock/Germany,
September 3rd – 7th 2012
Junk, C; von Bremen, L.; Heinemann, D.:
Probabilistische Windleistungsvorhersage für Windparks in Nordirland
DMG-Fachtagung METTOOLS VIII,
Leipzig, Germany, March 20th-22th 2012
Junk, C; von Bremen, L.:
Calibration of 100 m ensemble wind
speed forecasts using hindcasts
International Conference on Ensemble
Methods, Toulouse, November 2012

Junk, C; von Bremen; L.;
Heinemann, D.:
Assessment of probabilistic wind
power forecasts for wind farms in
Northern Ireland
EWEA Annual Event 2012,
Copenhagen, pp. 1-7
Junk, C; von Bremen L.; Cheng, P.W.;
Doerenkaemper, M.; Haag, S.;
Heinemann, D.; Riepe, J.; Rinn, P.;
Steinfeld G.; Tambke, J.; Waechter, M.;
Witha, B.; Kuehn, M.:
Baltic I: Advancing Offshore Wind
Power Research: Project Overview
with Focus on Wind Power PredictionGerman Wind Energy Conference DEWEK
2012, Bremen, pp. 1-4
Korte, H.; Ihmels, I.; Richter, J.;
Zerhusen, B.; Hahn, A.:
Offshore Training Simulations
IFAC Conference on Manoeuvring and
Control of Marine Craft, Arenzano/Italy,
September 19th – 21st 2012
Kruse, D.; Patzelt, S.; Dollinger, C.;
Tausendfreund, A.; Goch, G.:
Laser optical characterization of
smooth surfaces with respect to
roughness and defects in the
micrometer range.
In: 1st CIRP Conference on Surface
Integrity (CSI), Bremen. Elsevier Ltd.,
pp. 235-240 (2012)
Läsche, C.; Böde, E.; Peikenkamp, T.:
A Method for Guided Hazard Identification and Risk Mitigation for Offshore
Operations
International Conference on Computer
Safety, Re-liability and Security, SAFECOMP 2012, pp. 37-48 (2012)
Lenk, J.C.; Droste, R.; Sobiech, C.;
Lüdtke, A.; Hahn, A.:
Towards cooperative cognitive models
in multi-agent systems
International Conference on Advanced
Cognitive Technologies and Applications,
COGNITIVE 2012, pp. 67-70 (2012)
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Leune, T.; Wehs, T.; Janssen, M; Koch, C.;
von Cölln, G.:
Wireless locating and data
communication in harsh industrial
environments
Emerging Technologies and Factory
Automation, Kraków/Poland, September
19th – 21st 2012
Lohaus, L.; Werner, M.:
Probabilistic aspects of Offshore Wind
Turbines – Influence of in situ
assembly of grouted joints
Proceedings of the IALCCE Symposium,
October 3rd-6th 2012, Vienna (A)
Lünsdorf, O.; Sonnenschein, M.:
Einsatz thermischer Speichergeräte
von Kleinverbrauchern zum Lastausgleich
In M. Kurrat (Hrsg.): Forschungsverbund
Energie Niedersachsen – Abschlussbericht. Braunschweig, pp. 89-98
Lütjen, M.; Karimi, H.-R.:
Approach of a Port Inventory Control
System for the Offshore Installation of
Wind Turbines
In: Chung, J. S.; Langen, I.; Hong, S. Y.;
Prinsenberg, S. J. (eds.):
The Proceedings of The Twenty-second
(2012) International Offshore and
Polar Engineering Conference (ISOPE).
Renewable Energy (Offshore Wind and
Ocean), International Society of Offshore
and Polar Engineers (ISOPE), Cupertino,
California, USA, pp. 502-508 (2012)
Ohlendorf, J.-H.; Rolbiecki, M.:
Automatisierungsansätze zur Handhabung biegeschlaffer Materialien in der
Rotorblattfertigung
Symposium Prozesse in der Rotorblattproduktion – Qualitätsmanagement &
Automatisierung, Bremerhaven,
September 7th 2012
Orlik, B.; Schmidt, M.; Fein, F.:
Changing behaviour of a wind power
station to a steam power plant for
damping grid oscillations and add
primary control
PCIM 2012, Nuremberg, Germany,
May 8th-10th 2012

DOCUMENTATION

Patzelt, S.; Pils, K.; Tausendfreund, A.;
Goch, G.:
Optical absolute position measurement on rough and unprepared technical surfaces.
In: 12th International Conference of the
European Society for Precision Engineering and Nanotechnology (euspen),
Band 1, Stockholm, Schweden. Sieca
Repro, Delft, ISBN 978-0-9566790-0-0,
pp. 84-87 (2012)
Rolbiecki, M.; Ohlendorf, J.-H.; Thoben,
K.-D.; Müller, D. H.:
Challenges in the automated handling
of textiles for large scaled
composites
German Wind Energy Conference
(DEWEK), Bremen, November 7th-8th 2012
Sack, J.; L. von Bremen; Kyriazisz, A.;
Donelly, R.:
From NWP Ensembles to Probabilistic
Wind Energy Production Forecasts
EWEA Annual Event 2012, Copenhagen,
pp. 1-13
Schmidt, M.; Fein, F.; Orlik, B.:
Grid integration of a wind power
station with control concept like in a
steam power plant
Dewek 2012, Bremen/Germany,
November 7th-8th 2012
Sobiech, C.; Böde, E.; Lüdtke, A.; Hahn,
A.; Nicklas, D.; Korte, H.:
Project SOOP – Safe OffshoreOperations
International Symposium "information
on ships" by and German Society for
Maritime Technology, Hamburg/Germany,
August 30th – 31st 2012
Schweigert, S.; Droste, R.; Hahn, A.:
Multi-Agenten basierte 3D Simulation für die Evaluierung von Offshore
Operationen
Go3D – Computergraphik für die Praxis,
Go3D 2012
Sobiech, C.; Droste, R.; Hahn, A.;
Korte, H.:
Model based Development of Health,
Safety, and Environmental Plans and
Risk Assessment for Offshore
Operations
IFAC Conference on Manoeuvring and
Control of Marine Craft, Arenzano/Italy,
September 19th – 21st 2012

Sonnenschein, M.; Vogel, U.:
Naturinspirierte Verfahren für eine
nachhaltige Stromversorgung
In: A. Gnauck (Hrsg.): Modellierung und
Simulation von Ökosystemen – Workshop
Kölpinsee 2011. Aachen, pp. 235-249
Steinfeld, G.; Heinemann, D.;
von Bremen, L.; Tambke, J.; Witha, B.;
Stütz, E.; Dörenkämper, M.; Ambroise, H.;
Wosene, F.; Schmidt, M.:
Energy Meteorology – a young
research field characterizing the "fuel"
of renewable energy power plants
EURMECH Colloquium 528, Oldenburg,
Germany, February 22nd-24th 2012
Steinfeld, G.; Stütz, E.:
Interaction of wind turbine wakes and
inter wind farm effects
RAVE International Conference 2012,
Bremerhaven/Germany,
May 8th-10th 2012
Steinfeld, G.; Witha, B.; Stütz, E.;
Heinemann, D.:
Investigation of the impact of
atmospheric stability on the flow
conditions in the offshore wind farm
alpha ventus by the means of
large-eddy simulation, EMS Annual
Meeting 2012, Lodz, Poland,
September 10th-14th 2012
Steinfeld, G.; Witha, B.;
Dörenkämper, M.; Heinemann, D.:
Analysis of Thermal Effects on the
Wind Farm Flow by the Means of
Large-Eddy-simulation
DEWEK 2012, Bremen, Germany,
November 07th-08th 2012
Stöbener, D.; Lübke, K.; Larsen, P.; von
Freyberg, A.; Ghebreyesus, B.; Goch, G.:
An approach for 5-axes gear production with a slot-milling cutter.
In: The proceedings of MTTRF 2012 Meeting, Iga, Mie, Japan, pp. 115-120 (2012)
Stoffels, N.; von Bremen, L.;
Heinemann, D.:
A Metric to Define Favourable Places
for Wind Farms in Terms of Wind Power
Grid Integration
DMG Fachtagung METTOOLS VIII, Leipzig,
Germany, March 20th-22nd 2012
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Stoffels, N.; von Bremen, L.;
Heinemann, D.:
A Metric to Define Favourable Places
for Wind Farms in Terms of Wind Power
Grid Integration
EWEA Annual Event 2012, Copenhagen,
April 16th-19th 2012
Stoffels, N.; von Bremen, L.;
Heinemann, D.:
Evaluating an Error Smoothing Metric
to Find Economical European Sites for
Large-Scale Wind Power Grid
Integration
Fourth Conference of The Science of
Making Torque from Wind, Oldenburg,
Germany, October 9th-11th 2012
Stoffels, N.; von Bremen, L.;
Heinemann, D.:
A Metric to Define Favourable Places
for Wind Farms in Terms of Wind Power
Grid Integration
EWEA Annual Event 2012, Copenhagen,
pp. 1-6
Stoffels, N.; von Bremen, L.;
Heinemann, D.:
Error Smoothing and Decorrelation:
Favourable German Sites for LargeScale Wind Power Deployment
German Wind Energy Conference DEWEK
2012, Bremen, Germany, pp. 1-4
Stütz, E.; Steinfeld, G.; Heinemann, D.:
Parametrisierung von Windparks in
COSMO-LM
METTOOLS VIII, Leipzig, Germany,
March, 20th-22nd 2012
Stütz, E.; Steinfeld, G.; Heinemann, D.:
Parameterization of wind farms in
COSMO-LM
European Geosciences Union General
Assembly 2012, Vienna, Austria,
April, 22nd-27th 2012
Stütz, E.; Steinfeld, G.; Heinemann, D.:
Mesoscale Simulation Study of Large
Offshore Wind Farms
DEWEK 2012, Bremen, Germany,
November 07th-08th 2012
Thiemann, P.; Kruse, D.; Goch, G.:
Zerstörungsfreie Randzonenanalyse
thermo-mechanisch geschädigter
Bauteile mit photothermischen und
mirkomagnetischen Verfahren.

In: Schmitt, R. (Hrsg.): XXVI. Messtechnisches Symposium des Arbeitskreises
der Hochschullehrer für Messtechnik e.V.
(AHMT), Aachen. Shaker Verlag, Aachen,
ISBN 978-3-8440-1312-2, pp. 93-104
(2012)
Thoben, K.-D.; Rolbiecki, M.;
Schmohl, T.; Ohlendorf, J.-H.:
Automatisierungsansätze in der
Produktion von Rotorblättern
Internationale AVK-Tagung für
faserverstärkte Kunststoffe, Düsseldorf,
October 8th-9th 2012
Tisborn,G.; Mehler, C.; Orlik, B.:
Modeling of a doubly fed induction
machine considering iron saturation
and skin effect
PCIM 2012, Nuremberg, Germany,
May 8th-10th 2012
Tracht, K.; Schneider, D.; Schuh, P.:
Ersatzteilversorgung hochwertiger
Industriegüter
Schriftenreihe Wirtschaft und Logistik –
Tagungsband, Berlin, (2012)
Tracht, K.; Schuh, P.:
Multi Criteria Decision Making for
Maintenance Planning of Wind Turbines
1st International Conference on Throughlife Engineering Services (TesConf 12),
Shrivenham, pp. 175-181 (2012)
Tracht, K.; Mederer, M.; Schneider, D.:
Imapct of Parameter Changes in a
Service Provider Closed-Loop Supply
Chain with Customer-Owned Stock
19th CIRP Conference on Life Cycle
Engineering. ed.: Dornfeld, D., Linke, B.
Springer Berkeley, CA, USA, pp. 593-598
(2011)
Tracht, K.; Niestegge, A.; Schuh, P.:
Demand Planning based on
Performance Measurement Systems in
Closed Loop Supply Chains
8th CIRP International Conference on
Intelligent Computation in Manufacturing
Engineering (ICME 12), Ishia (2012)
von Bremen, L.; Tambke, J.; Stoffels, N.;
Heinemann, D.:
Spatio-temporal Smoothing of Wind
Power Variability and Forecast Errors
in Europe
EWEA Annual Event 2012, Copenhagen,
April 16th-19th 2012

von Bremen, L.; Junk, C.;
Heinemann, D.:
Enhanced probabilistic Skill in Wind
Power Forecasting using vertically
resolved wind speed forecast of an
Ensemble Prediction System
Fourth Conference of The Science of
Making Torque from Wind, Oldenburg,
Germany, October 9th-11th 2012
von Bremen, L.:
Welche Anforderungen stellen Erneuerbare Energien und das Wetter an das
zukünftige Stromversorungssystem?
Presentation at Leipziger Meteorologisches Kolloquium, Leibniz Institute for
Tropospheric Research (Tropos) Leipzig,
Germany, June 9th 2012
von Bremen, L.; Lange, M.:
On the use of ensemble wind power
forecasts for the energy sector
Promet 37, 3/4, pp. 62-71, (2012)
von Bremen; L., Junk, C.; Heinemann, D.:
Advances in probabilistic Wind Power
Forecasting using ECMWF’s 100m EPS
winds
DMG-Fachtagung METTOOLS VIII,
Leipzig, Germany, pp. 1-9
von Bremen, L.; Tambke, J.; Stoffels, N.;
Heinemann, D.:
Analyse der Verstetigung von
Windleistung und des Prognosefehlers
in Europa
DMG-Fachtagung METTOOLS VIII,
Leipzig, Germany, March 20th-22th 2012
von Bremen, L.; Junk, C.; Heinemann, D.:
Enhancing probabilistic Wind Power
Forecasting using ECMWF’s 100m EPS
winds
EWEA Annual Event 2012, Copenhagen,
April 16th-19th 2012
von Bremen, L.:
Welche Anforderungen an das
zukünftige Stromversorungssystem
diktiert das Wetter?
energy 2050 – 1st Oldenburg Symposium
on Transition of our Energy Supply
System: Strategies and Options,
Oldenburg, Germany, May 15th 2012
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von Bremen, L.:
Diagnosing the key drivers for
improved German wind power
forecasts over the last decade
German Wind Energy Conference DEWEK
2012, Bremen, Germany,
November 7th-8th 2012
Wehs, T.; Janssen, M.; Koch, C.; von
Cölln, G.:
System Architecture for Data
Communication and Localization under
Harsh Environmental Conditions in
Maritime Automation
International Conference on Industrial
Informatics, Beijing/China, July 25th-27th
2012
Wilms, M.; Schlurmann, T.:
Investigation on wave-breaking
probability in deep water
Proceedings of the 6th Chinese-German
Joint Symposium on Hydraulic and Ocean
Engineering,
National Taiwan Ocean University,
Keelung, Taiwan, September 23rd-29th 2012
Witha, B.; Steinfeld, G.; Heinemann, D.:
High-resolution offshore wake
simulations with the LES model PALM
EUROMECH colloquium 528 "Wind
Energy and the impact of turbulence
on the conversion process" Oldenburg,
February 22nd-24th 2012
Witha, B.; Steinfeld, G.; Heinemann, D.:
Hochaufgelöste Simulationen des
Nachlaufs von Offshore-Windenergieanlagen mit dem LES-Modell PALM
8. DMG-Fachtagung METTOOLS, Leipzig,
March 20th-22nd 2012
Witha, B.; Steinfeld, G.; Heinemann, D.;
von Bremen, L.; Tambke, J.; Stütz, E.;
Stoffels, N.; Dörenkämper, M.; Ambroise,
H.; Schmidt, M.:
Wind Energy Meteorology – a young
research field characterizing the
"fuel"of wind power plants
Symposium on Wind Farms'
Underperformance And Partnerships:
Building Partnerships To Meet the 2030
Grand Challenge, Lubbock, Texas, USA,
March 28th-30th 2012

DOCUMENTATION

Witha, B.; Steinfeld, G.;
Dörenkämper, M.; Heinemann, D.:
Large-eddy simulation of multiple wakes
in the offshore wind farm Baltic 1
12th EMS Annual Meeting & 9th ECAC,
Lodz, Poland, September 10th -14th 2012
Witha, B.; Steinfeld, G.;
Dörenkämper, M.; Heinemann, D.:
Large-eddy simulation of multiple
wakes in offshore wind farms
The Science of Making Torque from Wind
2012, Oldenburg, October 9th-11th 2012
Zerhusen, B.; Richter, J.; Korte, H.:
Simulation of Personnel Transfer for
Offshore Wind Operations
International Navigation Simulator
Lecturer Conference, Rostock/Germany,
September 3rd – 7th 2012

3. Magazines and Other
Publications
Dörenkämper, M.; Steinfeld, G.; Tambke,
J.; Kühn, M.:
Atmospheric Impacts on Power Curves
of Multi-MegaWatt Offshore wind
turbines, Poster Presentation 8th PhD
Seminar on Wind Energy in Europe
Zurich/Switzerland,
September 12th-13th 2012
Fuhrmann, M.; Lübke, K.;
von Freyberg, A.; Goch, G.:
Efficient replacement of broken gears.
In: Quality Manufacturing Today – QMT
Magazine, pp. 8-10 (2012)
Mertens, A.; Fuchs, F.; Baruschka, L.:
Wandler im Meerespuls
Erneuerbare Energien, 07/2012,
SunMedia Verlag
von Bremen, L.:
Spatial smoothing of wind power
production and forecast errors
Presentation in Seminar at Department of
Engineering and Department of Mathematics, Aarhus University, Denmark,
July 9th 2012
von Bremen, L.:
Advances in Ensemble Wind Power
Forecasting
Presentation in Seminar at Department of
Engineering and Department of Mathematics, Aarhus University, Denmark,
July 10th 2012
Witha, B.; Steinfeld, G.; Heinemann, D.,
Stütz, E.:
High-resolution offshore wake simulations with the LES model PALM
European Geosciences Union General
Assembly 2012, Vienna, Austria,
April, 22nd-27th 2012
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4. Lectures
Goch, G.:
Geometrische Messtechnik mit Labor
Universität Bremen, Bremen Institute
for Metrology, Automation and Quality
Science,
Winter Term 2012
Hahn, A.:
Projektgruppe Marine Observation
Platform for Surfaces (MOPS)
Carl von Ossietzky Universität Oldenburg,
Department for Information Technology,
Business Engineering
Summer Term 2012,
Winter Term 2011/2012

Thoben, K.-D.:
Anwendung eines 3D-CAD-Systems
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Winter Term 2011/12
Thoben, K.-D.:
Produktdesign & Gestaltung –
K-Lehre 2
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012
Thoben, K.-D.:
Konstruktionslehre – K-Lehre 3
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK).
Summerterm 2012

Tracht, K.; Schuh, P.:
Demand planning of spare parts for
offshore wind turbines
Universität Bremen, Bremen Institute for
Mechanical Engineering,
Summer Term 2012,
Winter Term 2011/2012
Tracht, K.; Schuh, P.:
Logistics-oriented construction of
rotor blades for wind turbines
Universität Bremen, Bremen Institute for
Mechanical Engineering,
Summer Term 2011,
Winter Term 2011/2012

Hahn, A.:
Projektgruppe Coordination of Offshore Windpark Servicing (COWS)
Carl von Ossietzky Universität Oldenburg,
Department for Information Technology,
Business Engineering
Winter Term 2012

Thoben, K.-D.:
Anwendung und Vergleich von
Kreativitätstechniken
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012

von Bremen, L., Steinfeld, G.,
Heinemann, D.
Seminar zu aktuellen Forschungsthemen in der Wind-Energiemeteorologie
Carl von Ossietzky Universität Oldenburg,
Institute of Physics.
Summer Term 2012,
Winter Term 2011/2012

Maikuß, A.; Tracht, K.:
Montagelogistik
Universität Bremen, Bremen Institute for
Mechanical Engineering,
Winter Term 2011/2012.

Thoben, K.-D.:
Produktionssystematik
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012

Weber, F.:
Concurrent Engineering
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012

Peinke, J., Steinfeld, G., Stoevesandt, B.
Computational Fluid Dynamics I
Carl von Ossietzky Universität Oldenburg,
Institute of Physics
Summerterm 2012

Thoben, K.-D.:
CAD – Management und virtuelle
Produktentwicklung
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012

Westerkamp, J. F.; Sorg, M.:
Optische Messverfahren für den
Antriebsstrang in Windenergieanlagen
Universität Bremen, Bremen Institute
for Metrology, Automation and Quality
Science,
Winter Term 2011/12, Summerterm 2012

Sonnenschein, M.; Kurrat, M.:
Dezentrale Energiesysteme (e-learning
course)
University of Oldenburg / University of
Braunschweig
Winter Term 2011/2012
Steinfeld, G., Stoevesandt, B.
Computational Fluid Dynamics II
Carl von Ossietzky Universität Oldenburg,
Institute of Physics
Winter Term 2012/2013
Thoben, K.-D.:
Produktdesign & Gestaltung –
K-Lehre 1
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Winter Term 2011/12

Thoben, K.-D.:
Einführung in die Konstruktionsmethodik
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012
Thoben, K.-D.:
Anwendung von Konstruktionsmethoden
Universität Bremen, Institut für
integrierte Produktentwicklung (BIK),
Summerterm 2012

Zoch, H.-W., Goch, G., Hoffmann, F.,
Brinksmeier, E., Kuhfuß, B.:
Produktion von Verzahnungen
Universität Bremen,
Fachbereich Produktionstechnik,
Winter Term 2011/12
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5. Project Reports
Frías Paredes, L.; Stoffels, N.;
von Bremen, L.; Sanz Rodrigo, J.:
Statistical analysis of wind power
and prediction errors for selected test
areas
Deliverable Dp-7.1 in EU Project
SafeWind, pp. 1-27
Petroliagis, T.; von Bremen, L.:
Progress during the second half of the
project and future prospects
Deliverable Dc-5.11b in EU Project
SafeWind, pp. 1-27
Sanz Rodrigo, J.; Frías Paredes, L.;
Stoffels, N.; von Bremen, L.:
Guidelines how smart consideration of
meteorological aspects can promote
wind power
Deliverable Dc7.2 in EU Project SafeWind,
pp. 1-21
Sanz Rodrigo, J.; Frías Paredes, L; Cantero, E.; Girard, R.; Laquaine, L.; Kariniotakis, G.; Guo Lársen, X.;
Stoffels, N.; von Bremen, L.:
Wind predictability as a decision factor
in the resource assessment phase
Deliverable Dc7.7 in EU Project SafeWind,
pp. 1-18
von Bremen L.; Girard, R.; Pinson, P.;
Tastu, J.; Corradi, O.; Jiang, J.;
Busch-Saleck, N.; Lenz, A.; Lange, M.;
de Pascual Collar, A.; Martin, M.L;
Vincent, C.L.; Draxl, C.:
Overall assessment of Work Package 4
contributions
Deliverable Dc-4.9 in EU Project
SafeWind, pp. 1-62
von Bremen, L.; Draxl, C.; Jiang, J.:
Impact of data assimilation for
shortest-term Wind Power Forecasting
(WPF)
Deliverable Dp-4.2 in EU Project
SafeWind, pp. 1-44
von Bremen, L.:
Methodology to forecast fluctuating
wind and wind power
Deliverable Dp-6.7 in EU Project
SafeWind, pp. 1-12

DOCUMENTATION

von Bremen, L.; Petroliagis, T.:
Skill Improvement of Extreme Event
Forecast utilising a Calibrated Prediction System (CPS)
Deliverable Dp-5.8 in EU Project
SafeWind, pp. 1-46
von Bremen, L.; Junk, C.:
Impact of various ensemble configurations for wind power predictions
Deliverable Dp-5.10 in EU Project
SafeWind, pp. 1-17
Westerkamp, J. F.; Lübke, K.;
von Freyberg, A.; Goch, G.:
Labor für Großverzahnungsmessungen: Abschlussbericht zum Forschungsvorhaben
in: Universität Bremen, Bremer Institut
für Messtechnik, Automatisierung und
Qualitätswissenschaft (Ed.)
Technische Informationsbibliothek u.
Universitätsbibliothek Hannover, Bremen,
p. 26 (2012)

6. PhD Theses
König, C. R.:
Experimentelle Untersuchungen zur
Rekonstruktion von Impactbelastungen in faserverstärkten
Kunststoffen mit einer Abschätzung
der Schädigungsrelevanz
Dissertation,
University of Bremen (2012)
Lünsdorf, O.:
Selbstorganisation virtueller Geräte
für das Lastmanagement von Kleinverbrauchern.
PhD Thesis,
University of Oldenburg (2012)
Ohlendorf, J.-H.:
Untersuchung der mehrlagigen Umformung von Fasergelegen zur Herstellung von Faserverbundstrukturen
Dissertation,
University of Bremen (2012)
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7. Diploma, Master, Bachelor, and
other Theses
Alemayehu, F.W.:
Validation of Wind farm layout program (FLaP) for offshore condition using data measured from alpha ventus
wind farm
Diploma Thesis,
University of Oldenburg (2012)
Arndt, S.:
Matlab-Toolbox zur Auswertung und
Analyse von Verzahnungsdaten im
GDE-Format
Diploma Thesis,
University of Bremen (2012)
Bank, S.:
Versuche zur thermografischen Aufnahme von Fließwegen verpumpter
hochfester Mörtel- und Betone
Study Thesis,
IfB, University of Hannover (2012)
Borgmann, A.:
Konzeption einer Standortstrategie für
das Offshore Terminal Bremerhaven
Diploma Thesis,
University of Bremen (2012)
Brode, J.-O.:
Konzeption einer sensorgestützten
Architektur zur Erkennung kritischer
Situationen in Offshore-Operationen
Diploma Thesis,
University of Oldenburg (2012)
Bruß, A. C.:
Ursachen für Schäden an Textilhalbzeugen im Logistikprozess für
Faser-Kunststoff-Verbunde
Bachelor Thesis,
University of Bremen (2012)
Cotardo, D.:
Optimierung eines Versuchsstandes
zur Untersuchung von “early-agecycling” Effekten auf die Materialeigenschaften von Verfüllmaterial für
Grouted Joints
Study Thesis,
IfB, University of Hannover (2012)

Denker, N.:
Implementierung einer EchtzeitSignalverarbeitung in LabVIEW für
ein laser-basiertes Messsystem zur
automatisierten Randzonenanalyse
Bachelor Thesis,
University of Bremen (2012)
Dollinger, C.:
Entwicklung eines streulichtbasierten
Rauheitsmesssystems für technische
Oberflächen
Master Thesis,
University of Bremen (2012)
Dursun-Kaya, F.:
Analyse und Vergleich von mobilen
Instandhaltungssystemen im Bereich
der Offshore-Windenergie
Diploma Thesis,
University of Bremen (2012)
Ezer, O.:
Development of a method for the employee localization on offshore wind
turbines
Diploma Thesis,
University of Bremen (2012)
Faber, J.:
Analyse des Potentials von Kleinwindenergieanlagen zur dezentralen
Energieversorgung in Deutschland
Bachelor Thesis,
University of Bremen (2012)
Fastenau, D.:
Logistikkonzepte für die Supply Chain
bei der Errichtung von Offshore-Windparks unter dynamischen Einflüssen
Study Thesis,
University of Bremen (2012)
Fauteck, M.:
Aufbau eines Antriebsprüfstands mit
permanenterregter Synchronmaschine
Project Thesis,
University of Bremen (2012)
Gebauer, F:
Naturinspirierte Metaheuristiken für
das Demand Side Management Einsatzplanungsproblem,
Master Thesis,
University of Oldenburg (2012)

Gmeinder, T.:
Entwicklung eines mehrkanaligen
Messsystems zur synchronen
Erfassung der Schwingung der Rotorwelle einer Windenergieanlage
Technische Universität Hamburg-Harburg,
Studiendekanat Elektrotechnik,
Informatik und Mathematik,
durchgeführt am Bremer Institut für
Messtechnik, Automatisierung und
Qualtitätswissenschaft,
Master Thesis,
University of Bremen (2012)
Göksu, M.:
Entwicklung eines Verfahrens zur
Fokussierung eines optischen Sensors
zur Erfassung lateraler Bewegungen
Bachelor Thesis,
Universität Bremen (2012)
Haack, F.:
GIS-gestützte Analyse der Wirtschaftlichkeit von Windkraftanlagen unter
der Berücksichtigung von Flächenpotentialen, Windgeschwindigkeiten und
unterschiedlichen Nabenhöhen
Bachelor Thesis
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