Annual Report 2013/2014



GREETING

Wind energy is a prime example of a multidisciplinary and interdisciplinary field of science and engineering. Con-
sequently technical and scientific challenges and problems can only be addressed successfully by teams, which
are made of experts covering all relevant scientific disciplines. Presently such teams incorporating state of the art
research and test facilities carry out the better wind energy projects, both on a national and international level.

ForWind, a collaborative network for wind energy research of the universities of Oldenburg, Hannover and Bre-
men, has been established in a spirit of interdisciplinary approaches in wind energy research. The mix of various
skills, laboratory facilities and — sometimes non-traditional — scientific approaches has proven to be a long lasting
and successful concept. This is reflected by the remarkable growth of ForWind as a research community during the
first decade of its existence. ForWind now is a leading partner in many international projects and platforms. On the
national side ForWind is a crucial partner of the German Research Alliance Wind Energy, a voluntarily established
association of the German Aerospace Centre DLR, the Fraunhofer Institute of Wind Energy & Energy Systems Tech-
nology IWES and ForWind.

This annual report, covering the period 2013 and 2014 describes the most important research activities and its
funding resources. The signing of the cooperation framework agreement of the three ForWind universities, DLR and
IWES in January 2013 has been the starting point of a unique partnership. The institutions involved, with their rather
different profiles, have been searching for synergy effects continuously, coordinating their projects, and present-
ing their successes jointly. In this way the Research Alliance Wind Energy has become a very attractive provider of
research services to wind energy stakeholders. Within just two years the Alliance could convincingly demonstrate
that this has not been a fake promise, but a very effective way of joint research. | was delighted to see that already
in November 2014 the five northern German states awarded the North-German Science Award to the German Re-
search Alliance Wind Energy.

Another joyful event was the celebration of ForWind’s 10" anniversary in spring 2014. Hundreds of colleagues, part-
ners and friends met in Oldenburg to celebrate this particular point in time. On that occasion | felt proud having had
the opportunity to chair ForWind’s Scientific Advisory Board as of its embryonic phase. | am looking forward to an
even more exiting period of wind energy research and technology developments in the years to come.

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

The years 2013 and 2014 were marked by the expansion of ForWind’s strategic cooperations, the start and inaugu-
ration of new research buildings and infrastructures, and by the festive review of successful 10 years.

A remarkable alliance was formed in January 2013, when the German Aerospace Center (DLR), Fraunhofer IWES
and the three universities behind ForWind signed the framework cooperation agreement of the new German Re-
search Alliance Wind Energy (FVWE). An unprecedented strategic alliance, bringing together more than 600 wind
energy researchers and unique research infrastructures. The three partners DLR, ForWind and Fraunhofer IWES
agreed to bundle their competences and resources and to coordinate their future wind energy research activities.

FVWE kicked-off with the start of the Smart Blades project. Funded by approximately 12 million EUR by the Federal
Ministry for Economic Affairs and Energy (BMWi), the project connected the respective expertises and looked into
the future of rotor blades developments. Although the DLR, ForWind, and Fraunhofer IWES are very different in
nature, the cooperation took off from the very beginning —leveraging and multiplying the efforts of each individual
researcher. Less than two years later, the exceptional and successful cooperation within FVWE was awarded with
the North German Science Award — a prize endowed with 50,000 EUR from the five northern German federal states.
We are honoured and grateful to this prestigious acknowledgement.

In the reporting period, two new research infrastructures have been added to ForWind's portfolio. The test center
for support structures Hanover (TTH) was completed and inaugurated. This unique facility will allow for a new
dimension of research within the field of wind energy civil engineering, setting ForWind's experts in Hanover apart
from any other group. The construction of another unique research infrastructure started in Oldenburg, where a
laboratory for turbulence and wind energy systems will be established, which includes a large turbulence wind tun-
nel dedicated to wind energy research. We are very grateful to the Federal Government and the State Government
of Lower Saxony for providing the generous funding of those new facilities.

Next to looking forward it was also time to look back. The celebration of ForWind's 10th anniversary was a wonder-
ful occasion to meet and discuss with esteemed, current and new partners, friends, colleagues, and supporters
from the entire wind energy sector. The development of ForWind would not have been possible without you. Thus,
thank you all very much!

We are especially 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 the
industry. The successive developments of joint research projects with industrial partners are mainly financed by the
Federal Ministry for Economic Affairs and Energy (BMWi) or directly through industrial co-operations as has been
documented in this report.

We would like to thank all ForWind personnel for their commitment to the center and their outstanding contribu-

tions to its success, our business and research partners for many fruitful joint efforts, and the members of ForWind's
advisory board for their always stimulating work.

/ //f//’f/{{i

Prof. Dr.-Ing. habil. Raimund Rolfes Prof. Dr. Martin Kiihn
Academic Speaker Deputy Speaker
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ForWind, the Center for Wind Energy Re-
search of the Universities of Oldenburg,
Hannover, and Bremen combines scientific
know-how with research geared towards
the industry. ForWind bundles the compe-
tencies of the three universities and is an
adept industry contact. The administrative
office of ForWind is located in Oldenburg.

L
Prof. Dr. Martin Kiihn

Executive Board

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

FORWIND — CENTER FOR WIND ENERGY RESEARCH

The Organization

ForWind was founded in 2004 through the
support of the Ministry for Science and
Culture of Lower Saxony.

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

. 4
Prof. Dr.-Ing. habil. Raimund Rolfes

Prof. Dr. Joachim Peinke

The current executive board is made up of

Prof. Dr.-Ing. habil. Raimund Rolfes
(Academic Speaker),

Prof. Dr. Martin Kithn

(Deputy Speaker),

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 exper-
tise to the industry by way of cooperating
projects. Within the industry, ForWind has
established itself as a competent research
partner.

Prof. Dr.-Ing. Klaus-Dieter Thoben

Prof. Dr.-Ing. Peter Schaumann

Prof. Dr.-Ing. Klaus-Dieter Thoben,
Prof. Dr.-Ing. Bernd Orlik,

Prof. Dr. Joachim Peinke,

Prof. Dr.-Ing. Peter Schaumann.
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Advisory Board

Chairman:

Beurskens, Jos, Dr. h.c.
Energy research Centre of the Netherlands
(ECN)

Members:

Hermsmeier, Jorg, Dr.-Ing.
EWE Aktiengesellschaft

Meier, Klaus, Dr.
wpd AG

Nachbaur, Karin, Dr.
The Senator for Education and Science of
Bremen

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

Schubert, Matthias
REpower Systems AG

Ritterbach, Benedikt, Dr.-Ing.
Salzgitter Mannesmann Forschung GmbH

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 Universitdt Hannover

Simon, Babette, Prof. Dr.
Carl von Ossietzky Universitit
Oldenburg

Research Institutes

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

Bremen Institute for Metrology,
Automation and Quality Science

— BIMAQ, University of Bremen,

Prof. Dr.-Ing. Gert Goch

Department of Computing Science,
Environmental Informatics,

University of Oldenburg,

Prof. Dr. Michael Sonnenschein
Franzius Institute of Hydraulics,
Waterways and Coastal Engineering,
Leibniz Universitdt Hannover,

Prof. Dr.-Ing. habil. Torsten Schlurmann
Institute of Building Materials Science,

Leibniz Universitdt Hannover,
Prof. Dr.-Ing. Ludger Lohaus
Institute of Concrete Construction,

Leibniz Universitidt Hannover,

Prof. Dr.-Ing. Steffen Marx

Institute for Drive Systems and Power
Electronics,

Leibniz Universitdt Hannover,

Prof. Dr.-Ing. Axel Mertens and
Prof. Dr.-Ing. Bernd Ponick

Institute for Electrical Drives, Power
Electronics and Devices — IALB,
University of Bremen,

Prof. Dr.-Ing. Bernd Orlik and

Prof. Dr.-Ing. Nando Kaminski
Institute of Electric Power Systems,

Leibniz Universitdt Hannover,
Prof. Dr.-Ing. Lutz Hofmann
Institute of Fluid Mechanics and
Environmental Physics in Civil

Engineering,
Leibniz Universitdt Hannover,
Prof. Dr. Insa Neuweiler

Institute for Integrated Product
Development, University of Bremen.
Prof. Dr.-Ing. Klaus-Dieter Thoben

- Institute of Machine Elements and
Engineering Design,

Leibniz Universitdt Hannover,
Prof. Dr.-Ing. Gerhard Poll
Institute of Physics,

AG Energy Meteorology,
University of Oldenburg,
Dr. Detlev Heinemann

Institute of Physics,

AG Marine Physics,

University of Oldenburg,

Dr. Rainer Reuter

Institute of Physics, AG Turbulence,
Wind Energy and Stochastics — TWIST,
University of Oldenburg,

Prof. Dr. Joachim Peinke

Institute of Physics,

AG Wind Energy Systems — WE-Sys,
University of Oldenburg,

Prof. Dr. Martin Kithn

Institute for Steel Construction,

Leibniz Universitat Hannover,

Prof. Dr.-Ing. Peter Schaumann
Institute for Geotechnical Engineering
Leibniz Universitdt Hannover,

Prof. Dr.-Ing. Martin Achmus
Institute for Structural Analysis,
Leibniz Universitdt Hannover,

Prof. Dr.-Ing. habil. Raimund Rolfes
Institute of Turbomachinery and Fluid
Dynamics-TFD,

Leibniz Universitat Hannover,

Prof. Dr.-Ing. Jorg Seume

Institute of Meteorology and
Climatology, AG PALM,

Leibniz Universitdt Hannover

Prof. Dr. Siegfried Raasch
Information Systems and Management
Institute — ISMI,

Leibniz Universitdt Hannover

Prof. Dr. Michael H. Breitner

Associated Members of ForWind:

Institute of Machine Elements and
Machine Design,
Prof. Dr.-Ing. Berthold Schlecht
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Forwind — Small-Scale Wind Field Modelling /

Carl von Ossietzky Universitat Oldenburg
Institute of Physics, Energy Meteorology
Group

Hugues Ambroise, Martin Dorenkamper,
Sonja Driike, Robert Giinther, Sophie Jan-
kowski, Lars Segelken, Michael Schmidt,
Gerald Steinfeld, Elisabeth Stitz, Lukas
Vollmer, Bjérn Witha, Hauke Wurps,
Detlev Heinemann

Funding: Ministry for Science and Culture
of the Federal State of Lower Saxony

Ref.Nr. N.A.

Duration: 12/2009 - 11/2015

Introduction

Wind energy converters are operating the
main part of their lifetime in the atmos-
pheric boundary layer (ABL). The ABL
is the bottom layer of the troposphere that
is in contact with the surface of the earth.
Flow conditions in the ABL are character-
ized by turbulence and turbulent motions
in the ABL cover depending on the situa-
tion scales from some millimeters to some
thousand meters. Especially under unstable
stratification turbulence in the ABL can be
vigorous, while under stable stratification
turbulence in the ABL has often a more
intermittent character. Besides the stability
also the roughness of the underlying sur-
face and the topography play a key role for
the turbulence in the ABL. As turbulence
causes loads on wind turbines a better un-
derstanding of atmospheric turbulence can
help to optimize the design of wind turbines
with regards to the expected turbulence con-
ditions at a certain site.

Wind energy converters interact with and
modify the flow in the ABL. The wake of a
wind turbine is characterized by a reduced
velocity compared to that of the ambient

Large-Eddy Simulation

flow and by additional turbulence caused
e.g. by the strong shear of wind speed in the
transition region between wake and ambi-
ent flow.

Besides measurements turbulence resolv-
ing numerical models are required in order
to gain a better knowledge on flow condi-
tions in the ABL and within wind farms.
Turbulent motions in the ABL extend over
a too wide range of scales in order to be ac-
cessible for an investigation with the means
of direct numerical simulation. Large-eddy
simulation (LES), in which the bulk of the
turbulent motions are explicitly resolved
and the small-scale turbulence is parameter-
ized, is still the state-of-the-art for in-depth
analyses of turbulent flows in the ABL.
Due to the limited computational resources
available the flow at the rotor blades can-
not be resolved explicitly if also the whole
ABL is simulated and parameterizations are
required in order to account for the effect of
wind turbines on the atmospheric flow.

The small scale wind field modelling team
in the energy meteorology group of For-
Wind is using the LES model PALM [1]
in order to study the interaction between
atmospheric flows for different stratifica-
tions, surfaces and topographies and wind
energy converters. Different wind turbine
parameterizations have been implemented
into the LES code PALM and these param-
eterizations are continuously further devel-
oped. The final objective of the team is to
transfer the knowledge gained from simu-
lations with the pure research tool PALM
into improved parameterizations for models
used in the wind energy business, such as
wind farm parameterizations for mesoscale
models or improvements for engineering
wake models.

Project Description

Accounting for wind turbines in the lar-
ge eddy simulation model PALM
Different wind turbine models have been
implemented into the LES model PALM
by staff from the energy meteorology group
of ForWind and were available for exten-
sive testing in 2013. The available models
include different types of actuator disc ap-
proaches, an actuator line approach, an en-
hanced actuator disc model with rotation
and finally also an enhanced actuator line
approach, in which the aerodynamic forces
acting on the rotor blade segments are ob-
tained by coupling the large-eddy simula-
tion model PALM with an aeroelastic code
such as FLEX or FAST.

The results obtained with the different mod-
els implemented in PALM have extensively
been compared to each other for different
wind farms in the North and Baltic Sea as
well as for imaginary wind farms and pre-
sented on different national and international
conferences in 2013. Major results were that
with regard to the mean flow the results of
actuator line model and enhanced actuator
disc model were comparable to each other,
although the enhanced actuator disc model
consumes only a fraction of the computing
time required for simulations with the actua-
tor line model. Especially in the near wake
region the simple actuator disc approaches
show results deviating from those of the
more complex models, while in the far wake
region, only minor differences remain. De-
pending on the problem to be analysed and
taking into account the limited available
computer resources different parametriza-
tions might be the most suitable one to solve
the problem studied. For simulations of a
few number of wind turbines the actuator
line model coupled with an aeroelastic code
might be the best choice, while wind farms
of moderate size can still be simulated with
the enhanced actuator disc model. Finally,
the simple actuator disc approaches are
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applicable to first studies of the flow con-
ditions within large wind farms as well as
behind wind farms. The enhanced actuator
disc model was e.g. used to study the impact
of atmospheric stability on the recovery of
wakes within wind farms. The wind turbine
models implemented in PALM are continu-
ously verified and improved. One example
is e.g. the implementation of different tip-
loss correction models into the actuator line
and enhanced actuator disc model.

It is worth mentioning that a participation in
the IEA task 31 “Wakebench” is one strat-
egy followed at ForWind to achieve a vali-
dation of the LES model PALM for wind
energy applications.

Development of wind farm control
strategies

Different strategies have been suggested in
literature to control the power output of a
wind farm. Typically, these control strate-
gies would aim at an increased power output
of the whole wind farm and reduced loads
on the wind turbines in the wind farm. While
one suggestion to control the wind farm is
to reduce the extraction of energy from the
wind by the wind turbines in the first row
of the wind farm, another suggestion is to
deflect the wakes by yawing of the wind
turbines. In order to allow for investigations
of the potential of the second method the
enhanced actuator disc model was further
developed by allowing also yawing and tilt-
ing of the turbines. The further developed
model is now used to study the dependency
of yawing strategies on impact factors such
as the atmospheric stability.

Improvement of the engineering wake
model FLaP

ForWind’s in-house engineering wake
model, the Farm Layout Program (FLaP)
[2] has been reactivated. Extensive com-
parisons of model results and measure-
ments have been done for the wind farm
Baltic I. Improvements made to the code
allow e.g. for the simulation of wind farms
with wind turbines in different operational
modes. This is one prerequisite for the in-
vestigation of the potential of the first wind
farm control strategy mentioned above.
One objective of the application of LES
models is to gain knowledge on the flow
conditions within offshore wind farms and
to use this knowledge to improve engineer-
ing wake models. A necessary step before
any improvement can be aimed at is to
compare between the results of the LES
model PALM and the current version of

(a) ADM

(b) ALM

(c) ADM-R

Figure 1: Sketch showing the additional forces in the Navier-Stokes equations when the actuator disc model (a), the actuator line model
(b) or the enhanced actuator disc model with rotation (c) is used.
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the engineering wake model FLaP in order
to see where improvements of the simpler
engineering model might be required. Re-
sults of such a comparison were presented
in an oral presentation during the Annual
Meeting of the European Meteorological
Society in Reading in 2013. The agreement
between the results of the different mod-
els was rather poor. One possible reason is
the variability of the wind direction which
has a huge impact on the size of the wake
deficit but that could not successfully be
reproduced in the engineering wake model.
There is the urgent need for a comprehen-
sive validation of the LES model results
before they can be used for a further de-
velopment of the simpler models. Besides
data from the IEA task 31 “Wakebench”,
especially data from the LIDAR measure-
ments of ForWind’s WE-Sys group are
used for that purpose.

Using data from large-eddy simulations
for an improved wind farm model for
meso-scale models

Wind speeds derived from satellite obser-
vations of the state of the sea surface in-
dicate that huge wind farms might cause
a velocity deficit that can still be detected
tens of kilometers downstream of the wind
farm. There is an urgent demand for mod-
els that allow for estimating the shadow-
ing of a wind farm by neighbouring wind
farms. Therefore, e.g. wind farm parame-
terizations have been developed for meso-
scale models. At ForWind, the LES model
PALM has been used to check the validity
of assumptions made in the so-called Fitch
wind farm parameterization available in
the meso-scale model WREF [3]. The actua-
tor disc approach implemented in PALM
has been used in order to simulate the flow
conditions downstream of the wind farm

alpha ventus. The results of the LES model
have been spatially averaged to a grid with
a grid size of 3.5 km? in the two horizon-
tal directions in order to mimic mesoscale
modeling. In contrast to the results of the
Fitch model the PALM results showed that
the wind farm wake is dependent on the
wind direction. The simplifying assump-
tion that all wind turbines extract the same
amount of energy from the flow as made in
the Fitch model does not lead to satisfying
results for the wind farm wake in the case
studied. The LES data is currently used to
improve the Fitch parameterization.

Wind energy converters in complex
terrain

In 2013, a first project has started in which
the interaction of an atmospheric flow and
wind energy converters in complex terrain
are intended to be studied. The first objec-
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Figure 2: Hub height wind speed horizontally averaged over an area of 3500 mfi vs. distance from the inflow boundary.
The wind turbines of the wind farm alpha ventus are situated somewhere between x=19500 and x =23000 m depending on the wind

direction.
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tive is to reproduce results from measure-
ments in a wind tunnel experiment with
focus on the flow over a simple sinusoidal
hill with the LES model PALM. These
comparisons do not include wind turbines.
The topography model in PALM allows
for approximating topography by a step-
like function. Once the reproduction of the
measured flow conditions is successful,
wind turbines will be added to the simu-
lations and the interaction between wind
turbines and terrain effects will be studied
in detail.

Detection of requirements for an im-
provement of planetary boundary layer
schemes in meso-scale models
Meso-scale simulation models seem to
be a promising tool to derive the long-
term atmospheric conditions at certain
sites. By comparison between long-term
simulations and measurements at on- and
offshore sites it is investigated how well
the mesoscale simulations actually are. In
contrast to earlier studies the focus is on
height levels up to 300 m, which might
become relevant for future generations of
wind turbines. A special focus of our work
is to check the performance of different
planetary boundary layer schemes within
the meso-scale model WRF. The perfor-
mance of the different models available in
WREF are analyzed e.g. with regard to the
atmospheric stability. This allows pointing
out those conditions for which further im-
provements of the planetary boundary lay-
er schemes are required. Measurements or
additional simulations with the LES model
PALM provide the data basis on which the
planetary boundary layer schemes are fur-
ther developed. In comparisons with data
from the met mast FINOI it turned out
that especially the stable boundary layer
is challenging for the planetary boundary
layer schemes in WRF.

Summary

ForWind Oldenburg is involved in two of
the LES model PALM has been used at
ForWind to study the flow conditions in
the ABL, the interaction between the at-
mospheric flow and wind energy convert-
ers, the flow conditions within as well as
the flow conditions downstream of wind
farms. The objective is to gain a deeper
insight into these flows and to transfer the
knowledge gained to improvements for
fast, engineering wake models, the devel-
opment of wind farm parameterizations
for larger-scale models or simply better
descriptions of turbulent processes in mes-
oscale models. In 2013, the wind turbine
models implemented in PALM have been
further improved. Comparisons with re-
sults from the engineering wake model
highlighted the importance of a good de-
scription of the wind direction variability
for an accurate simulation of wake effects.
Intra wind farm wake effects need to be
taken into account in accurate wind farm
parameterizations for meso-scale models.
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Introduction

Atmospheric turbulence and the basic un-
derstanding of the interaction of fluctuat-
ing wind fields with wind turbines becomes
more and more important for wind energy
related research. Of particular interest are
wind field structures on large scales of the
order of the swept area of the turbines as
well as on small scales of the order of the
chord length at different positions of the ro-
tor blade. Acting and in particular changing
loads resulting from transient aerodynamic
forces are believed to be a major contribu-
tor to the unexpected high failure rates of
modern wind turbines. In this context, wind
tunnel experiments under laminar wind
conditions provide only limited insight in
unsteady aerodynamic effects. Therefore,
ForWind Oldenburg is working on the fur-
ther development of the active grid to gener-
ate adequate turbulent wind fields adapted
for wind tunnel experiments on e.g. wind
turbine models and airfoil profiles with and
without active control devices.

Project Description

The goal of this project was to build up a
new wind tunnel, which copies the geom-
etry of our existing acoustic wind tunnel in

terms of the nozzle shape and its outlet di-
mensions of 1m x 0.8m?. The existing wind
tunnel has a comparably small length of
the test sections and measures about 1.8m
in the open and about 2.6m in the closed
configuration. The new wind tunnel was
designed to increase the open as well as the
closed test section to about Sm in length.
This will allow investigating the evolution
of generated turbulent wind fields further
downstream of the outlet of the wind tun-
nel and the active grid, respectively. New
protocols for the control of the active grid
result in turbulent wind fields with differ-
ent characteristics, which led to the name
“turbulence test facility” for this wind tun-
nel. Approved control protocols that result
in desired flow properties can subsequently
be used also in the acoustic wind tunnel
where additionally aerodynamic force and
particle image velocimetry (PIV) measure-
ments are possible.

Turbulence test facility

It was planed to build up the new turbulence
test facility in the laboratories of the TWiSt
group at the University of Oldenburg, which
automatically led to constraints in the di-
mensions and the orientation of this closed
loop wind tunnel. Fig. 1 shows a technical
drawing of the realized wind tunnel, where
the active grid is sketched in red and the
closed test section is sketched in green.
The maximum length of the whole tunnel
was limited to about 10m. Additionally, the
closed loop has to be realized in an upright
orientation so that the complete device was
mounted over two levels on a metal skeleton
in the laboratory. The diffusor as well as the
guiding plates in the corners of the wind
tunnel had to be manufactured with special
opening angles and bending radii, respec-
tively, in order to optimize the flow proper-
ties in the test section and minimize velocity
gradients over the outlet of the nozzle [1].

Figure 1: Technical drawing of new “turbulence test facility”. The active grid (red)
as well as the closed test section (green) can be seen in the picture.
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Figure 2: Picture of the jet nozzle outlet of the turbulence test facility with mounted active grid

Honeycombs and screens upstream of the
nozzle assist in the flow preparation, which
finally led to a homogeneous wind field
with a turbulence intensity below 3% with
only small scale structures left in the flow.
It turned out that such flow conditions are
sufficient for the intended use of the active
grid in this turbulence test facility. In com-
bination with a 15kW motor we are able to
produce turbulent wind fields up to 20m/s.
Fig. 2 shows a picture of the nozzle outlet
of the turbulence test facility with the active
grid mounted to it. Even this small detail of
the whole construction backs up the fact that
the given space of the existing metal skel-
eton was optimally used.

Adjusted turbulent wind fields for diffe-
rent types of experiments

Moving all axes of the active grid according
to a predefined control protocol will result
in turbulent wind fields, where either the
statistics of the velocity increments on cer-
tain scales, the power spectrum of the abso-
lute velocity or even the temporal evolution
of the velocity can be set by the user within
given limits. This results in a 3-dimensional
turbulence that can be used to perform ex-
periments on e.g. model wind turbines or
anemometers under reproducible inflow
conditions. For measurements with respect

to the dynamic behavior of 2D profile seg-
ments, it was found that by only addressing
the vertical axes a quasi 2-dimensional flow
can be generated. The goal here is to cre-
ate atmospheric like flow properties that are
highly correlated along the span of the pro-
file. Such flow situations are used to investi-
gate e.g. unsteady effects on airfoil profiles
and can directly be compared with results
from engineering models like the Blade Ele-
ment Momentum (BEM) method. Stochas-
tic analysis of the dynamics of the resulting
aerodynamic forces are the basis for new
models that take these unsteady effects into
account.

Summary

The new turbulence test facility enables
us to test and characterize new control
protocols for the active grid in order to re-
produce turbulent wind fields with desired
3D or quasi 2-dimensional flow proper-
ties for project related experiments in our
acoustic wind tunnel. The development has
advanced over the last years that the ac-
tive grid already plays a fundamental role
in many projects including experimental
investigations on airfoil profiles (see also
other reports). Additionally, the longer test

section allows investigating the evolution
and the natural decay of artificially gener-
ated turbulence with increasing distance to
the grid. This information can already be
used to come up with strategies how to pre-
serve turbulent flow properties over a very
long test section, which will be one of the
major topics once the big wind tunnel in the
new research building (WindLab) will be up
and running in fall 2016.
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Introduction

In wind energy research computational fluid
dynamics (CFD) is an essential tool to im-
prove blades and complete wind energy tur-
bines, to better understand wake effects and
the interaction of wakes in wind farms. To-
day’s simulations resolve more details and
enable the coupling of large and small scale
effects. However, to perform these simula-
tions, powerful computational resources are
required.

For this purpose, the ForWind/Fraunhofer
alliance has been supplied with an own
High-Performance Computing (HPC)-facil-
ity called FLOW (Facility for Large-Scale
COmputations in Wind Energy Research).
The HPC-cluster is designed for highly par-
allelized computations and contains more
than 2200 cores with a high-performance
interconnect and a large storage system.

In the scientific part of the project Large-
Eddy Simulations (LES) with the software
PALM are performed to investigate the in-
teraction of the atmospheric boundary layer
with the wakes of wind turbines. On smaller
scales the computations of loads of wind
turbines will be improved by simulations
with the software OpenFOAM.

Project Description

HPC operation

The operational support of the HPC FLOW
system and the user support are included in
the project. This covers the installation and
optimization of software as well as inves-
tigations in case of problems and introduc-
tion into HPC for users. Further tasks are
the coordination between the IT-department
and ForWind, and the extension of the HPC
system by new or additional hardware.

Wake simulations with the LES model
PALM

A main task of the project is the further de-
velopment of wind turbine parameteriza-
tions in the LES model PALM to simulate
the interaction between the atmospheric
boundary layer and wind turbine wakes.

Three turbine parameterizations have been
implemented in PALM [1]. The simple and
fast actuator disk model (ADM) represents
the wind turbine as a permeable disk with
uniformly distributed thrust forces across
the whole disk. It does not consider the rota-
tion of the blades. The actuator line model
(ALM) uses the blade-element momentum
(BEM) theory to calculate local forces along
the blades represented as lines (see Fig. 1).
Resolving the rotation of the blades requires
a very small time step which makes the
ALM computationally very expensive so
that it is not feasible for the simulation of
large wind farms. The enhanced actuator
disk model with rotation (ADM-R) uses
BEM theory like the ALM to calculate lo-
cal forces at each point of the rotor disk but
does not explicitly resolve the movement
of the rotor blades. Thus it is much faster
than the ALM. All three parameterizations
include the tower and the nacelle.

As Fig. 2 shows, the ADM-R yields nearly
identical results as the ALM, so that the
computational cost can be greatly reduced
for future wind farm simulations using the

ADM-R. The simple ADM cannot capture
the shape and rotation of the near wake ad-
equately but the results of the far wake are
similar to the ADM-R and ALM results.
Thus, for the simulation of large wind farms
with large distances between the turbines it
is justifiable to use the ADM. For investiga-
tions of the near wake and wind farms with
closely spaced turbines, the ADM-R should
be used.

The sensitivity of the parameterizations
to the grid size has been studied and they
are currently enhanced by turbine control
features as yawing and variable rotational
speed.

Another task of this project is to simulate
large finite and infinite wind farms to deter-
mine the number of turbines that is required
to achieve an asymptotic wake deficit. The
sensitivity of the results to wind farm layout
parameters such as the distance between the
turbines and to meteorological parameters
such as wind speed and stability will be in-
vestigated.

Further tasks are the simulation of wakes in
an idealized complex terrain and the cou-
pling of PALM with the mesoscale weather
forecast model WRF to obtain realistic ini-
tial conditions.

Simulation of the flow around wind tur-
bine blades

Numerical simulations are conducted us-
ing the software package OpenFOAM [2]
in order to investigate the aerodynamical
characteristics of the flow over wind turbine
blades. This investigation aims at a better
understanding of the physical mechanisms
underlying this type of flows. Very interest-
ing and important results concerning the ef-
fect of the blade rotation on the aerodynami-
cal coefficients are highlighted here.

The numerical results presented were ob-
tained using URANS, and the MEXICO
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Figure 1.: LES of a wind turbine with ALM
parameterization. Displayed are isosurfaces of
the absolute vorticity which visualize tip and root
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Figure 2: Comparison of the turbine parameterizations in PALM for a multiwake
situation with 5 turbines in a row. Time-averaged horizontal cross-sections in
hub height of the normalized horizontal velocity (left), vertical velocity (center)

vortices in the wake of the turbine.

wind turbine was simulated [3]. A grid con-
vergence study was performed to assess the
suitability of the grids used.

When comparing the 2D polars to the 3D
polars (both experimental and computa-
tional ones) it was found that the rotational
effects are strong at the root section of the
wind turbine blades. They influence the
aerodynamical performance of the wind
turbine strongly as lift is increased at the
root sections. Further analysis shows that
the phenomena of stall delay and lift en-
hancement can exist independently from
each other. Concerning the drag coefficient,
and contrary to what is often presented in
the literature, the effects of the rotation
on the drag are different in the case of the
MEXICO turbine. Indeed, the drag is not
increased by the rotational effects but re-
mains almost unchanged, thus making any
use of drag corrections unnecessary in this
case. This finding implies that the effects of
rotation are airfoil-type dependent as differ-
ent findings were observed for other airfoil
types in different publications.

Additionally, the flow field data obtained
was compared qualitatively and quantita-
tively to PIV measurements obtained in the
MEXICO experiment. In Fig. 3, the meas-
ured (upper figure) and computed (lower
column) flow fields at 15 m/s inflow velocity
are presented for the axial (left column) and
radial wind speed (right column). The good
agreement between the experiments and

and turbulence intensity (right).

the simulations is well presented on these
figures. Furthermore, CFD simulations en-
able the visualization of the flow at regions
where the PIV measurements are not pos-
sible (due to reflection of the laser sheet).
These findings stress the lack of generality
of the knowledge concerning rotational ef-
fects and the need for extensive research in
this field using full rotor simulations.

the effect of meteorological parameters on
wake flows.Additionally, the details of the
flow around wind turbine blades was simu-
lated with OpenFOAM and investigated
in terms of aerodynamical characteristics.
The results stress the lack of generality of
the knowledge concerning rotational effects
and the need for extensive research in this
field using full rotor simulations.
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Figure 3: Computed (lower picture) and PIV (upper picture) of the normalized axial and

radial velocities at 15m/s.

Summary

Several wind energy projects benefit from
the new HPC cluster that was installed as
a part of this project. In the scientific part
of the project, different wind turbine pa-
rameterizations in the LES model PALM
have been enhanced and compared. They
are used in this and other projects to inves-
tigate the flow in large, up to infinite wind
farms, wake flow in complex terrain and
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Introduction

Wind energy is the most promising renew-
able energy source, but some key aspects
remain poorly understood, such as turbu-
lence, layering, and the statistics of extreme
events. A better understanding of these phe-
nomena can help to construct energy con-
version schemes that are both more efficient
and more robust.

Cascading, multi-scale behavior with turbu-
lence-like characteristics and a pronounced
stochastic aspect has also been observed
in some financial markets [1]. One of the
principal problems that lead to latest world-
wide financial crisis was an over-reliance on
stochastic models of risk beyond their scope
of validity, and with an under-emphasis of
rare, catastrophic events, a phenomenon de-
scribed in the mathematical literature as the
presence of fat-tail statistics [2] .

This project aims at elucidating important
features of cascading, turbulence-like pro-
cesses that are underlying both wind energy
conversion and the irrational, noisy and
“volatile” behavior of many financial mar-
kets.

Project Description

The project aims at understanding the sto-
chastic aspects of complex systems, with
particular emphasis on two types of empiri-
cal data, wind and financial data. In order
to be able to construct accurate models for
the physical properties of wind, accurate
measurements of the wind velocity on the
length scales of wind turbines at different
locations in space are required, which often
are subjected to rather strong measurement
noise. The first goal of this project is to de-
velop methods applicable for the analysis
of measurements on both wind fields and
wind turbines. Due to the complexity of the
problem and the presence of different forms
of measurement noise, a multi-dimensional
implementation of the procedure is needed,
which goes beyond the methods available
by now.

The second goal is to extend this method-
ology to processes in scale, with special
emphasis to financial data. This allows to
derive the underlying evolution equation of
a given financial index, composed of one
deterministic contribution describing the in-
herent dynamics (drift rate) of the financial
index, and another stochastic contribution
characterizing its fluctuations. It has been
found in the literature that the time series
from financial markets typically show heavy
tailed density distributions, which point to
the presence of jump processes in the noise
term, and an analysis of the increments in
scale instead of time has been proposed.
Present approaches, such as the famous
Black-Scholes equation, correctly predict
the central parts of these distributions, but

fail to account for the tails. The project aims
at developing the stochastic models of risk
further to include the statistics of rare occur-
rences, which have become popular under
the name “black swan theory”, using their
close analogy to turbulent physical systems

[1].

Summary

A great step towards the understanding of
the stochastic aspects of complex systems
has been the discovery that stochastic pro-
cesses can be reconstructed from measure-
ment data, which has recently found wide-
spread application [3].

The co-evolution of two or more stochastic
variables, such as wind speed and power
production, can be described through a sys-
tem of coupled stochastic equations, each
one defined by a deterministic contribution
(drift) and stochastic fluctuations from pos-
sible stochastic sources (diffusion). The co-
efficients of these so-called Langevin equa-
tions can be directly derived from observed
or generated data through the estimation of
conditional moments.

During the first six months of the project this
methodology was applied to a data set gen-
erated by a Markov chain model [4] based
on data from a wind turbine in Portugal. Us-
ing synthetic data sets that properly repro-
duce the statistical features of empirical data
allows to use data sets as large as needed for
the analysis. Moreover, the Markov chain
model serves as a filter to remove periodici-
ties. This is an essential step, as it would not
be possible to correctly estimate the coeffi-
cients from the raw data.

Analysis of the drift and diffusion coeffi-
cients allowed to identify various distinct
regions in the wind speed-power plane as
well as the rated wind speed of the turbine

[5].
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Figure 1: Drift (left) and diffusion (right) coefficients plotted in the wind speed-power plane. The diffusion ellipses are given by
the two orthogonal eigenvectors of the diffusion matrix. The principal axes defining the ellipse are aligned along the
eigenvectors with a length proportional to the corresponding eigenvalue.

For the next year it is planned to extend this
methodology to time-dependent stochastic
processes as well as to implement a method
to extract the evolution equations in the
presence of measurement noise.

Concerning financial data, there are two
works in progress. The first one concerns
the stochastic evolution of volume-price
distribution using data from the New York
stock market. The volume-price data ap-
pears to follow a specific statistical pattern,
other than the evolution of prices measured
in similar studies. Four bi-parametric mod-
els (Gamma, inverse Gamma, Weibull and
log-normal distribution) are fitted to the
volume-price distributions at each 10 min-
ute samples. In a second step, the evolution
of the distribution parameters is analyzed by
means of coupled Langevin equations.

The second approach deals with the ques-
tion if credit rankings are time-homogene-
ous and Markovian. For that an approach to
test the reliability of homogeneous genera-
tors and the Markov property of stochastic
processes is used on open access data pro-
vided by Moody's [6]. The analysis is based
on a comparison between empirical transi-
tion matrices aggregated over fixed time
windows and candidate transition matrices
generated from measurements taken over
shorter periods.

Figure 2: First meeting of the bi-national project group at the ForWind center in

September 2013.
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Introduction

Since 2011 a consortium consisting of 3E,
ECN, Imperial College, RWE Innogy, Sen-
vion and the Energy Meteorology Group of
ForWind has been working on the project
ClusterDesign [1]. The main objective is the
development of a toolbox for an integrated
design of offshore wind farm clusters.

The toolbox will serve project developers
to select cluster layouts that are favorable
with regard to energy yield, cabling costs
and load mitigation. For optimization of the
operation of wind farm clusters a controller
that allows for operating the cluster as a vir-
tual power plant will also be implemented
into the toolbox.

In order to support the achievement of pro-
ject goals, the project is based on four main
elements:

1. Modelling: Models dealing with certain
aspects that are of relevance when a
cluster of wind farms is planned, namely
ambient atmospheric conditions, wake
losses, mechanical loads, cablings costs,
power system support and wind farm
control are further developed.

2. Integration: The aforementioned models
are integrated into a single toolbox al-

lowing for an integrated wind farm clus-
ter design.

3. Validation: The single models as well as
the toolbox as a whole will be validated
against measured data obtained from a
measurement campaign in a large off-
shore wind farm cluster. Based on the
comparisons with measurements the
models will be further developed. The
validation of the toolbox will also com-
prise tests of the cluster control strategy.

4. Valorisation: In the end, the tool box de-
veloped in the project should become an
industrially applicable solution.

Project Description

The main contribution of the Energy Meteor-
ology Group to the project is in work pack-
age (WP) 1 “Advanced Flow Modelling”.

In order to provide the toolbox with infor-
mation on ambient atmospheric conditions
required as input by power or wake mod-
els, ForWind will derive a wind and stabil-
ity atlas (WASA) for the North Sea region.
The WASA will be based on twenty years
of simulations with the meso-scale model
WREF. Furthermore, the work of ForWind
in WP1 comprises the further development
and validation of ForWind’s in-house en-
gineering wake model FLaP as well as the
definition of interfaces between the WASA
and the wake models of the toolbox. Anoth-
er contribution by ForWind is the develop-
ment of an innovative wake modelling tool
that couples an advanced flow model, the
large-eddy simulation (LES) model PALM
with the aeroelastic code FLEX. This work
is done in cooperation with the wind turbine
manufacturer Senvion.

In the reporting period, the preparatory
work for the generation of the WASA could
almost be finished. Different setups of the
WRF model have been tested in order to
reach a good agreement between simulat-

ed and measured data. Particularly, WRF
runs varying in the choice of the planetary
boundary layer (PBL) scheme have been
carried out. The evaluation of the perfor-
mance of the different model runs which
simulated the atmospheric conditions over
the North Sea in the year 2007 was based
on data from the FINO1 met mast that had
been thoroughly processed for that purpose.
Fig. 1 and 2 show results from the prepara-
tory WRF simulations. As can be seen the
choice of the Mellor-Yamada-Nakanishi-
Nino (MYNN) scheme results in the low-
est wind speed bias and the best agreement
in the stability distribution when compared
with FINO1 data. Based on the results of the
preparatory study it was decided to use the
MYNN scheme for the production runs for
the WASA. The format of the WASA has
been defined during the reporting period.
The atlas will be a NetCDF file that provides
information on how often a combination of
a certain wind speed, wind direction, turbu-
lence intensity, stability and air density oc-
curs at a defined height within twenty years.

The further development of the wake model
FLaP comprised i.a. the revision of the su-
perposition of single wakes as well as add-
ing an output of the horizontal shear. First
results show that using the horizontal shear
from FLaP as input in a load model leads
still to conservative load estimates, but the
predicted loads are smaller than those ob-
tained with input from the standard Frand-
sen model. As a first test of the wake models
of ForWind (FLaP) and ECN (FarmFlow)
that will be part of the ClusterDesign tool-
box, detailed comparisons between the
results of these models with data from the
offshore wind farm alpha ventus have been
carried out. Moreover, for this benchmark
case the results of the models of ForWind
and ECN have been compared with those
of state-of-the-art wake models widely used
in wind energy industry, such as WindPRO
or Windfarmer. It turned out that the accu-
racy of the Ainslie solver in FLaP as well
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Figure 1: Wind speed bias of WRF simula-
tions using different PBL schemes when
compared with FINO1 data for the year
2007

as FarmFlow was competitive with that of
commercially available tools. For the whole
wind farm alpha ventus the prediction error
of the Ainslie solver in FLaP was smaller
than 1% of the actually measured power
output (see Fig. 3).

Two different approaches have been real-
ized for the coupling between the LES mod-
el PALM and the aeroelastic code FLEX.
The first approach is a two-way interaction
in that PALM provides information on the
flow field in the rotor layer to FLEX. Next,
FLEX carries out one time step and gives
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Figure 2: Distributions of the stability
parameter 1/L derived from the WRF
simulations using different PBL schemes
as well as from data measured at FINO1

information on the new position of the ro-
tor segments as well as the forces acting on
each rotor segment back to PALM. The sec-
ond approach is a one-way coupling. Here,
the impact of the rotor on the flow in PALM
is parameterized by an advanced actuator
disk approach. The wind field in the rotor
layer is output with a frequency of several
Hz, converted into the WND-file format and
in a subsequent run used as input by the aer-
oelastic model. During the reporting period
both approaches could be implemented.
Currently, both approaches are intensively
tested.

AV4 AVE AVE

nvlel
B FA_ marix
FA timesercs

Muodeled T1 for each location

Figure 3: Prediction error of the Ainslie solver in FLaP for single wind turbines as well as

for the whole wind farm alpha ventus

Summary

The goal of the EU-FP7 project Cluster
Design is to develop a toolbox consisting of
models each of them dealing with a differ-
ent aspect that has to be taken into account
when a wind farm cluster and its operation
modes are designed. The tool will support
wind farm developers to optimize energy
yields and to reduce offshore wind energy
production costs.

The objective of WP 1 led by ForWind is to
further advance the modeling of flow condi-
tions around and within wind farms which
is an important input parameter for energy
Preparatory
work for the generation of a WASA based on

yield and load calculations.

WRF simulations could be finished during
the reporting period. A benchmark showed
that the engineering wake model developed
by ForWind delivered results with an accu-
racy that is comparable to that of commer-
cial state-of-the-art wake models.
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Introduction

The project is part of a larger joint research
project coordinated by the Wobben Re-
search & Development GmbH, a subsidiary
of the German wind turbine manufacturer
ENERCON. The main goal is to further de-
velop new high resolution simulation tech-
niques from basic and academic research in
order to apply them for load and power fore-
casts of wind turbines in complex terrain.
The turbulent wind field is simulated with
the large-eddy simulation (LES) technique,
where the large, main energy containing ed-
dies are explicitly resolved by the numerical
grid, while only the small scale turbulence is
parameterized. The numerical solver will be
tested in an industrial environment for real
complex terrains, including vegetation and
steep topologies, and will be validated with
field measurements from existing wind tur-
bine sites. One major goal is to demonstrate
the applicability of the simulation tool in an
industrial environment.

Complex Terrain

Project Description

Wind energy sites in complex terrain are of-
ten exposed to very turbulent atmospheric
flow fields which generate heavy mechani-
cal loads on the rotor blades. The rapidly
changing loads may significantly reduce
lifetime of the systems. Current simulation
techniques used for site assessment studies
(Reynolds-Averaged Navier-Stokes models,
RANS) only predict the mean flow features
and can not account for turbulent fluctua-
tions. Therefore, the project aims to apply
an LES model for simulating the turbulent
atmospheric boundary layer flow above
complex terrain with very high spatial reso-
lution down to a few meters. The high reso-
lution data will be used by project partners
from the University of Stuttgart (Institut fiir
Aerodynamik und Gasdynamik, IAG) and
the DLR Braunschweig (Institut fiir Aero-
dynamik und Strémungstechnik) as input
to engineering CFD models which calculate
the near field flow around the blades in or-
der to determine mechanical loads.

Because of its high computational demands,
the LES technique has been used mainly
for basic research in the past, but the rap-
idly increasing power of computer systems
nowadays allow to use it also for applied in-
dustrial applications. The PArallelized LES
Model PALM [1] is the central tool for sim-
ulating the atmospheric turbulence in this
project. It has been developed at IMUK (In-
stitute of Meteorology and Climatology),
has a very high computational performance
and is highly optimized to be used on mas-
sively parallel computer architectures. Such
computer clusters are meanwhile operated
even by medium-sized companies, demon-
strating that LES has or will become an op-
tion e.g. for site assessment studies.

The PALM code is also used by other For-
Wind partners, mainly at the University of
Oldenburg (Institute of Physics, Research
Group Energy Meteorology).

The project is in its initial phase, where
model results for simple idealized topo-
graphies (e.g. Gaussian hills) are compared
and validated with wind tunnel data. Final
simulations will be carried out for existing
sites with very complex topography like
shown in Fig. 1 and compared with field
measurement data. One main project goal
is to demonstrate that LES can be applied
operationally for site assessment studies.
Therefore, sensitivity studies will be done
in order to determine optimum values, e.g.
for the computational domain size and grid
spacing, that minimize the computational
demands of the simulations but guarantee
sufficient accuracy of the results.

Summary

The project aims to demonstrate that turbu-
lence resolving simulations of atmospheric
flows are ready to be used for operational
site assessment studies in complex terrain.
High resolution simulations will be carried
out with the LES model PALM for existing
sites and compared with field observations.



Annual Report 2013 / 2014 23

Figure 1: Wind energy site in complex terrain (Source: Courtesy of ENERCON, Germany)
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Introduction

The flow conditions in very large offshore
wind farms with hundreds of multi-mega-
watt wind turbines sited in wind farm clus-
ters differ in various aspects significantly
from what is presently know on wake ef-
fects of small to medium-scale wind farms.
Moreover specific turbulence characteris-
tics will result from superposition of many
individual wakes and their interaction with
the marine atmospheric boundary layer.

The research objectives of the project "GW
Wakes" include the reduction of energy
yield and operating risks of large offshore
wind farms. This will be achieved by veri-
fying the interaction of the turbulent mari-
time boundary layer with very large wind
farms and the characterization of the tur-
bulent wake conditions of individual wind
turbines and the entire park. The project is

supporting the economical design of wind
turbines and new large offshore wind farms.
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.

GW Wakes aims to understand these com-
plex 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 in-

novative laser remote sensing wind speed

measurements (lidar) were performed in
»alpha ventus« and will be performed in
»Riffgat«, two offshore wind farms installed
in the North Sea. The detailed wind fields,
obtained with this measurement technique,
will be applied in the validation of micro-
scale as well as meso-scale wind farm mod-
els developed in the project.

Project Description

The main activities included in "GW
Wakes" are as following:

Figure 1: One of ForWind's long range scanning Lidars Windcube 200S located on the
offshore research platform Fino1 scanning the flow around a wind turbine in the nearby

offshore wind farm »alpha ventus«.
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Work package 1: Measuring technique

To measure the flow within and around the
offshore wind farms, a so called multi-lidar
system is used. It consists of two or three
scanning long-range lidar units that are
synchronized and controlled remotely. The
units were placed in the first measurement
campaign in »alpha ventus« on the substa-
tion and on the research platform »Finol«
aiming at the same volume of the atmos-
phere from different directions (see Fig. 1).

The measurement campaign in »alpha
ventus« started in July 2013 and was suc-
cessfully finished in March 2014. During
the eight month many different measure-
ment scenarios have been performed with
the three Lidar units, depending on the
scientific purpose, the wind directions and
atmospheric conditions. Fig. 2 shows the
wind field behind an operating wind turbine
of »alpha ventus« measured with the multi-
Lidar system. The colour indicates the wind
speed and the black arrows the wind direc-
tion. The drop of wind speed behind the tur-
bine is clearly visible and also the changes
in wind direction in the wake. The 2D wind
field has been derived from the radial wind
speeds measured by two Lidar devices and
averaged over 10 minutes.

The second campaign is planned in a signifi-
cantly larger wind farm with a focus on sev-
eral overlapping wakes and the interaction
of the whole wind farm with the atmospher-
ic environments. The start of this campaign
is planned for spring 2015.

Work package 2: Turbulence characte-
rization

The measurements performed in the off-
shore wind farms will be stored in a large
database suitable also for studies of turbu-
lence. 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,
turbulence spectra and non-Gaussian tur-
bulence effects (intermittency) at different
positions in the wind farm. Additionally,
the data is planned to be used to validate
engineering models simulating stationary as
well as dynamic wake effects.
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Figure 2: Visualization of the 2D wind field around a wind turbine measured with two
scanning long range Lidars in »alpha ventus«. The reduced wind speed in the wake deficit

is clearly visible.

Work package 3: Modeling and validati-
on of meteorological flow situations
The wind farms »alpha ventus« and »Riff-
gat« are being modeled with flow models at
different scales. The different flow condi-
tions are simulated with a Large-Eddy-Sim-
ulation (LES) code which is capable of the
interaction of the turbulent marine boundary
layer with the different 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 »Riff-
gat« and of cluster effects in the North Sea
will be performed and compared with lidar
data as well.

Work package 4: Technology transfer

In cooperation with Fraunhofer IWES the
results achieved in the other work packages
will be used to enhance wind farm mode-

ling software. This should improve the ac-
curacy in the evaluation of loads acting on
WTs operating in multiple wake conditions
and to include the influence of neighbor-
ing wind farms on the energy production
estimation.

Summary

Multi-lidar technology is developed to in-
vestigate the flow conditions around and
within large offshore wind farms. Two
offshore experimental campaigns are per-
formed to deliver a unique set of high qual-
ity data suitable for validation of theoretical
models of turbulence and wakes. These in-
clude wind field simulations generated with
LES or meteorological meso-scale codes.
The outcome of the research activities is to
be included in industrial wind farm mode-
ling software. This will improve the overall
accuracy of the energy yield estimation for
large wind farms at industrial level.
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Figure 3: Shematic view of simulated Lidar measurements in a LES generated wind field. Each blue and green point corresponds to
a simulated Lidar measurement point. (a) View from above and (c) side view of the simulation setup. In (b) the number K of Lidar
measurement points, available per grid point is shown.
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Figure 4: Amplitude (a) and wind direction (b) of the horizontal wind velocity directly visualized from the LES wind field (left figures) and
derived from the results of the simulated Lidar measurements (right figures). The wind turbine position is given by the black dot. The
deviations in wind direction between the LES field and the simulation results are caused by low data availability of the Lidar simulation
at certain areas of the field (see Figure 3b).
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Introduction

With the large amount of offshore wind
farms to be built in the next years, clusters of
wind farms will appear gradually at favour-
able locations, like in the German Bight and
Dogger Bank. Additionally, arrays of float-
ing wind farms planned near long-distance
grid cables independent of water depth also
expected to appear in the future. The plan-
ning and design of these clusters pose new
challenges with regards to the siting of the
connected wind farms, the design of the in-
terconnecting grid structure and the integra-
tion 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 cur-
rent installations on land. The variability
in the power output depends on the vari-
ability 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 behaviour of single
wind farms. At the same time, the error of a
wind power forecast will decrease due to the
smoothing effect.

Project Description

The EERA-DTOC project members includ-
ing industry partners have proposed an inte-
grated and validated design tool combining
the state-of-the-art wake, yield and electri-
cal models available in the consortium, as
a plug-in architecture with possibility for
third party models to extend and enhance
predictions. In order to decrease uncertain-
ties around wind farm wake predictions, a
measurement campaign together with the
new data available from the industry part-
ners enabled enhanced tuning of the far-
field of wind farm wakes. The design tool
will be tested and demonstrated by the in-
dustry partners using their own data and test
cases, and the experience incorporated into
the model architecture.

During the project, all participants aim at
progress beyond the state-of-the-art in the
field of farm wake modelling. 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 measure-
ment campaign, the data set will in the fu-
ture 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 them-
selves. However, the major step forward is
going to be the 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 pack-
age, and the design of entire clusters of wind
farms as wind power plants will for the first
time be possible in one go.
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Contribution of ForWind

Within the scope of the ongoing German
research project GigaWatt-Wakes (GW-
Wakes), the research group Wind Energy
Systems of ForWind performed a compre-
hensive measurement campaign in the 60
MW research offshore wind farm »alpha
ventus«. The measurements carried out
include long-range lidar inflow and wake
measurements with high temporal and spa-
tial resolution as well as high altitude wind
profiling. For this purpose a setup of three
long-range lidar devices equipped with flex-
ible scanner heads (multi-lidar) operated
synchronously from three platforms within
the wind farm in addition to the scope of the
GW-Wakes project.

In the first year of work, the researchers at
ForWind have been working together with
the wind farm modellers to select appro-
priate scan strategies and the main wind
characteristics to be measured. Four meas-
urement campaigns have been performed
from August 2013 till January 2014. The
first campaign involved the measurement of
a single remote meteorological mast in front
of the wind farm for free inflow from south-
west. Furthermore, the measurement strat-
egy was designed to allow a comparison of
the multi-lidar and ship-lidar measurements
free flow conditions. The second, third and
fourth campaigns were dedicated to meas-

Wird spaad @100m
Starl tie - 200 3=00-20 20 20 00 000
Enddme  3013-00-30 0B 20 00 D00
. wor

> 7
hal ok

q
.
g

WE VMM | mia]
5

2 U,
&

4

&

[ ]
WS PO [ms]

Figure 1.: Comparison of wind speed
measurements in the inflow of »alpha
ventus« between scanning lidar and
FINO1 met mast. Single lidar (red),
Dual-lidar (green)

ure inflow and wake quasi-simultaneously.
The core of these measurements was the
sequential measurement of a dual remote
meteorological mast at different positions in
front and behind the wind farm.

In addition, Fraunhofer IWES carried out
a measurement campaign with ship based
lidar measurements at available distances
from near to far downwind in the wake of
»alpha ventus«. 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 com-
plement the lidar measurements by provid-
ing data for the far wake of the wind farm.
ForWind and Fraunhofer IWES have been
evaluating the possibility of performing
synchronous measurements at »alpha ven-
tus« in the framework of EERA-DTOC.

The research group Turbulence, Wind En-
ergy and Stochastics of ForWind has con-
tributed as well with stochastic methods to
the work package "Power curve uncertainty
evaluation". Furthermore, in a benchmark-
ing case study the annual energy production
of a fictitious wind farm was evaluated un-
der defined conditions and the results were
compared among the project partners.

Summary

The European Energy Research Alliance —
Design Tools for Offshore wind farm Clus-
ters (EERA DTOC) is partly funded by the
European Commission. The EERA-DTOC
project combines expertise to develop a
multidisciplinary integrated software tool
for an optimized design of offshore wind
farms and clusters of wind farms.

The proposed design tool combines several
models available in the EERA consortium
and is based on open interfaces. This ena-
bles future integration of other software.
In order to decrease uncertainties around
wind farm wake predictions, a measure-
ment campaign together with the new data
available from the industry partners enabled
enhanced tuning of the farfield of wind farm
wakes. The design tool will be tested by the
industry partners using their own data and

test cases, and the experience incorporated
into the model architecture. The project par-
ticipants aim at progress beyond the state-
of-the-art in the field of farm wake model-
ling. The better wake models will provide
higher confidence in the energy yield pre-
dictions.

The ForWind research group Wind Energy
Systems performs a comprehensive meas-
urement campaign in the 60 MW research
offshore wind farm »alpha ventus«. The
measurements include long-range lidar in-
flow and wake measurements with high
temporal and spatial resolution as well as
high altitude wind profiling. The ForWind
research group Turbulence, Wind Energy
and Stochastics contributes with stochastic
methods to the work package "Power curve
uncertainty evaluation".

Averaging met mast 7-12
to one inflow metmast

war] direction

Averaging met masts 1-6
to one wake metmast

Figure 2: Setup of 6 virtual lidar met
masts each in the inflow and the wake of
»alpha ventus«
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Introduction

The research team “Energy-Weather Fore-
casting and Analysis (E-Ways)” investigates
meteorological aspects how to integrate
increasing shares of wind power into the
power supply system. Deterministic wind
power forecasts are easy-to-understand and
single-valued for each forecast horizon and
grid box. While, ensemble forecasts allow
the estimation of the forecast uncertainty
from which probabilities of future outcomes
can be derived. Balancing analyses of Euro-
pean wind power feed-in is carried out using
long-term reanalysis data.

Project Description

Wind and wind power ensemble
forecasts

Nowadays, many weather centers such as
the European Centre for Medium-Range
Weather Forecasts (ECMWF) and the Ger-
man Weather Service (DWD) provide en-
semble forecasts. However, raw ensemble
forecasts have deterministic biases and en-
semble spread deficits. To remove those,
various calibration methods for wind ensem-
ble forecasts have been proposed in the last
years.

We have systematically compared state-of-
the-science post-processing methods for the
calibration of wind ensemble forecasts and
have identified site-dependent forecast im-
provements over the uncalibrated ensemble
forecasts at four onshore and three offshore
meteorological towers in central Europe [1].
We have shown that ensemble model out-
put statistics (EMOS) [2] and a bivariate
recursive and adaptive wind vector calibra-
tion (AUV) [3] outperform other calibration
methods such as bivariate EMOS (UVE-
MOS) and EMOS with Ensemble Copula
Coupling (ECCEMOS) in terms of deter-
ministic and probabilistic scores. Highest
improvements in forecast skill are found for
high-roughness and complex topography
sites. The reason is the coarse resolution of
the ECMWF model, which leads to larger
forecast biases and spread deficits of the un-
calibrated ensemble at these sites (Fig. 1).

The calibrated ensemble wind forecasts
are then transformed into power using ap-
propriate power curves. The disadvantage
of the calibration of wind ensembles and
subsequenet power transformation is the ad-
ditional error introduced in the power curve
model. However, analog-based methods de-
veloped for wind power forecasting [4] do
not require a power curve. The analog en-
semble (AnEn) approach generates proba-
bilistic information from a purely determin-
istic forecast, rather than being a calibration
technique of an existing ensemble. A key
aspect of the AnEn algorithm is the search
of analogs, which is based on a multivariate
metric that estimates the degree of analogy
between the current deterministic prediction
and past forecasts from a historical data set

(Fig. 2).
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Figure 2: Sketch of the functioning of the analog ensemble method. See text for more detail.

A detailed study was started out to select the
best predictors (e.g., wind speed and direc-
tion at several heights in the atmospheric
boundary layer, geopotential height, mean
sea level pressure and temperature) when
searching for analogs.

In May 2012, a new 20 member ensemble
called COSMO-DE EPS was implemented
operationally at the German Meteorological
Service (DWD) with lead times up to +21h.
It was found that EMOS calibration is supe-
rior to AUV calibration (Fig. 3). This can be
attributed to the generation of the ensemble
as the members of COSMO-DE EPS are per
design distinguishable. Always five mem-
bers are initialized and forced with the same
global model (GFS, IFS, GME and GSM).
The ECMWF Ensemble uses singular vec-
tors and an ensemble of data assimilations
which leads to indistinguishable members.
The rank histogram of the raw COSMO-
DE-EPS (Fig. 3a) resembles the correlation
and clustering of always five members. The
AUV calibration (Fig. 3c) maintains the
correlation between members while EMOS
calibrated members (Fig. 3b) populate the
ranks rather uniformly and can be regarded
as reliable.
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Figure 3: Rank histograms of the raw
COSMO-DE-EPS (a), the EMOS calibrated
(b) and the AUV calibrated ensemble (c)
for wind speed forecasts in 80 m heights
at station Cabauw (Netherlands).
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Simulation and analysis of wind power

Future European power supply studies re-
quire the simulation of feed-in of weather
dependent renewable sources assuming 400

Snn T Ll v T Al o L T T L v T

that future weather years will be equivalent " -, ;g&fars
to the past. Therefore output of mesoscale g Ny ;‘ i I —_— 2004
atmospheric models, e.g. horizontal wind = 300 W 'I 1._‘_\ gggg
speed, is used to simulate wind power at S o ;‘, ggg;
each grid point. Very long time series of 5 ¥ 2009
the MERRA (Modern-Era Retrospective L 200 VoD A gg:?
Analyses for Research and Applications) E L% 2012
reanalysis is available in hourly resolution =

from 1979 onwards with 1/2 degrees lati- 100
tude x 2/3 degrees longitude resolution at
10 and 50 m height. Utilizing COSMO-EU

: P 0 R o
wind speed analyses a statistical downscal- TR R -
ing of MERRA has been done. Before ap- 0 20 40 60
plying standard power curves (e.g. Enercon Hourly capacity factor
E-126) winds are logarithmically extrapo-
lated to hub height. For many applications Figure 4: Yearly distribution function of hourly capacity factors for Europe (full
the wind power feed-in is aggregated to the smoothing on the copperplate) (dashed) and without smoothing effects (solid)
country level. The distribution of simulated computed for 140 m hub height using an Enercon E-126 power curve.

European wind power for 10 different years
is shown in Fig. 4. In case of European wide
wind power smoothing (dashed lines), the
peak of the distributions moves to the right
while the right tail is reduced. Thus, wind Karlsruhe - MAM 2012
power variability is reduced in an intercon-
nected European power supply system com-
pared to individual countries.

It was found that the PBL parameterization
in COSMO (here COSMO-DE) has deficits
in simulating the diurnal cycle of atmos-
pheric stratification in heights relevant for
wind energy. The verification is carried out
against measurements at the Cabauw met
mast. The results indicate that the modeled
unstable stratification (negative gradient of

potential temperature), is slightly overesti-
mated. However, stable stratification (right
side of the plot) is strongly underestimated.

The model is in most cases not able to simu-

Ocosmo, 35 m — Pcosmo, 2m

late gradients of more than 3 K between 35
m and 2 m, while measured values range up
to 7 K (Fig. 5).

—3_| L L L L .
-1t 0 1 2 3 4 5 6 7

Bmeas. 30m — @'meas. 2m

Mesoscale wind fluctuations with a time
scale of minutes to hours cause extremely
relevant wind fluctuations, e.g. at large
offshore wind farms. In order to predict
those mesoscale wind fluctuations it is re- Figure 5: Simulated potential temperature gradient in the COSMO-DE analysis
quired to understand the relevant atmos- versus the measured potential temperature gradient at Cabauw for spring
pheric processes and conditions. Weather 2012.
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observations, wind field measurements and
simulations of an offshore site with a size
of several kilometers are analyzed to char-
acterize the heterogeneous wind fields and
to develop an easy and robust measure for
spatial and temporal wind fluctuations. It is
the goal to formulate a relationship between
the spatial and the temporal scale with re-
spect to wind fluctuations.

Summary

Various calibration approaches have been
implemented to improve the skill of en-
semble wind forecasts up to 25 %. Further
studies will demonstrate the use of ensem-
ble calibration for wind power forecasts.
Long-term wind power time series have
been modeled for Europe using an effi-
cient statistical downscaling approach. The
analysis of European balancing of PV and
wind power will answer future questions of
required transmission, storage and backup
capacities.
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Introduction

The International Energy Agency (IEA)
Wind Implementig Agreement [1] is a
vehicle for member countries and organi-
zations to exchange information on the
planning and execution of national pro-
jects on further implementation of wind
energy. Another objective is to undertake
co-operative research and development
(R&D) projects called tasks or annexes.
The contracting parties to this agreement
are designated by the 22 Member Coun-
tries, the European Commission, the Chi-
nese Wind Energy Association, and the
European Wind Energy Association. The
IEA Wind Agreement sponsors coopera-
tive research tasks and provides a forum
for international discussion of research and
development issues. In general only the co-
ordinating activities of IEA Wind tasks are
funded by contributions collected from the
participants while each participant bares its
own cost for its work contribution.

In spring 2011 ForWind — University of
Oldenburg proposed together with the Dan-
ish Technical University (DTU) Wind En-
ergy and Stuttgart Wind Energy (SWE) 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 Executive
Committee of [EA Wind (ExCo) officially
approved the proposal and start the 32nd
IEA Wind Task "Wind lidar systems for

wind energy deployment". The project
was officially kicked off in May 2012 and
its first phase is going to be concluded in
summer 2015. All interested organizations
in the participating countries are invited to
join the task. Currently 52 institutions from
15 countries are involved in the activity of
the task (see Table 1).

Project Description

The aim of Annex 32 is to address the very
fast development of wind lidar technolo-
gies and their applicability for more accu-
rate measurement of wind characteristics
relevant for a more reliable deployment of
wind energy power systems [2]. The pur-
pose is to bring together the present actors
in the industry and research community to
create synergies in the many R&D activities
already on-going in this very promising and
new remote sensing based measurement
technology. Task 32 is only considering li-
dar systems even though sodar is another
promising remote sensing technique were
covered by previous IEA Wind Topical Ex-
pert Meetings.

The main objective of Annex 32 is the
publication of experimentally tested rec-
ommended practices and expert reports
for wind lidar measurements based on the
joint experience of the participants. The rec-
ommendations will be benchmarked with
measured data collected at various meteoro-
logical and lidar operational conditions.

The work plan is organized in three scien-
tific subtasks and smaller work packages
(Table 2) as follows:

® Subtask 1: Lidar calibration and classi-
fication

® Subtask 2: Lidar procedure for site as-
sessment

® Subtask 3: Lidar procedure for turbine
assessment

While ForWind — University of Oldenburg
is acting as operating agent, the coordina-
tion of the subtasks is delegated to DTU —
Wind Energy, NREL and SWE — University
of Stuttgart.

Subtask 1 is dedicated to coordinate efforts
concerning the accuracy of wind lidars, in
particular for installation on flat terrain,
wind turbine nacelle and floating stations.
Extensive work has been successfully com-
pleted to explain the reduced repeatability
of the calibration of the same lidar during
the same experimental installation. The
results are going to be documented in an
expert report and will provide a useful tool
to reduce the uncertainty budget of ground-
based lidar measurements.

Valuable progress has been achieved also
towards a routinely use of nacelle based
and floating lidar systems. For the former
of these two advanced applications, a proce-
dure was suggested by DTU Wind Energy.
The interested participants have been in-
vited to apply this procedure and give feed-
back. Concerning the latter one, the prepa-
ration of a recommended practices (RP) on
floating lidars will be finished mid 2015.

Subtask 2 gathers the activities regarding
the proper application of lidar measure-
ments for site assessment. Common quanti-
ties as wind speed and turbulence intensity
are differently evaluated by conventional
anemometers and lidar vertical profilers. In
fact, the former systems returns an “in situ”
wind speed, the latter ones sample a volume
at several positions to evaluate it. For this
reason, lidar vertical profilers present some
issues in inhomogeneous wind fields. Be-
sides, the described volume sampling of the
lidars affects the accuracy of the turbulence
assessment, even when the homogeneity of
the flow is given. The scope the subtask is
to give a better understanding about these
issues and reduce the refrain of some users
from the adoption of lidar systems.
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Table 1:
Countries
Participating in
Task 32

Country Institution(s)
1 Canada AXYS, Technocenter Eolien
2 China Beijing New Energy Technology Co., China Renewable Energy Engineering Institute,

CWEA, Goldwind, Science & Technology Co. Ltd.

3 Denmark

DONG Energy, DTU Wind Energy, (Windar)

4 Germany

AREVA Wind GmbH, Deutsche WindGuard, DEWI, ForWind — Oldenburg, Fraunhofer

IWES, DNV-GL, SWE — University of Stuttgart, GWU, Senvion SE

5 Japan ITOCHU Techno-Solutions Corp.,
Mitsubishi Electric Corp., (Mie University)

6 Norway Christian Michelsen Research, Meventus, NORCOWE, University of Bergen

7 UK Carbon Trust, Frazer Nash, NEL; RES, Squrr Energy, SSE, Zephir, Natural Power,
Offshore Renewable Energy Catapult LiDAR

8 us AWS TrueWind, University of Colorado, Cornell University, NCAR, NOAA — ESRL,

National Renewable Energy Laboratory, Pacific Northwest National Laboratory

Participants in

progress
9 Austria Energiewerkstatt
10 | Belgium 3E

N Switzerland Meteotest

12 | France

Epsiline, Leosphere, Avent Lidar, IFP Energies nouvelles

13 | Israel Pentalum

14 | Netherlands ECN

15 | Sweden Windvector
Table 2: . T .
. IEA Wind Task 32 — Wind lidar systems for wind energy deployment

Organization of the Operating Agent: M. Kiihn, D. Trabucchi (ForWind)

content in Task 32 P g Agent: V. L
SUBTASK I: SUBTASK II: SUBTASK II:
Calibration & classification of Procedures for site Procedures for site
lidar devices assessment assessment

M. Courtney (DTU)

A. Clifton (NREL)

A. Clifton (NREL)

1.1 Ground based lidar
calibration
(includes former 1.2)

2.1 RP 15. Ground-based verti-
cally profiling remote sensing
for wind resource assessment

3.1 Exchange of experience in
power performance testing
acc. to 61400-12-1

1.3 Calibrating nacelle lidar

2.2 Wind field reconstruction
methods in complex flow with
wind lidars (includes former 1.2

3.2 Wind field
reconstruction from nacelle
based lidar measurements

1.5 Calibrating floating lidar

2.3 Measurement of Wind
Characteristics

3.3 Nacelle-based power
performance testing

2.4 Recommended practices
on the use of floating lidar
systems

3.4 Load estimation using a
lidar system (on hold)
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Some work in this direction was already
completed under IEA Wind - Task 11 with
the publication in 2013 of RP: 15. Ground-
Based Vertically-Profiling Remote Sensing
for Wind Resource Assessment [3]. Partici-
pants of Subtask 2 contributed to its publi-
cation by reviewing the document. Moreo-
ver, a preparatory phase for an extension of
RP 15 to the application of lidars in inhomo-
geneous flows has been initiated and a state
of the art document which classifies the so-
called lidar “use cases” by their goal, meth-
odology and field of application is almost
completed. Within this document, particular
attention is given to lidar vertical profilers in
complex terrain and to scanning lidars.

The scope of this subtask includes also the
better understanding of the application of 1i-
dar vertical profiler for turbulence measure-
ments and for the evaluation of the annual
energy yield based on lidar measurements.
An extensive bibliography about the first
topic has been collected and reviewed by
the participants. Concerning the second one,
a technical report has been written on hori-

zontal and vertical extrapolation from ver-
tical profiler possibly in combination with
meteorological mast anemometry for wind
resource assessment.

Subtask 3 focuses on the integration of wind
lidar in the standard procedures for the as-
sessment of wind turbines. Its activity is
divided in nacelle- and ground-based topics
and includes power performance issues too.
Additionally, possible methods for wind
field reconstruction from nacelle-based li-
dar data are going to be reviewed and dis-
seminated.

In the last two years participants dealt main-
ly with the application of IEC61400-12-1
ed. 2 CD for power performance of wind
turbines by means of ground-based remote
sensing [4]. Valuable results were achieved
which will provide a significant contribute
to future revision of this standard.

Moreover, a blind test was carried out
among five participants to compare differ-
ent wind field reconstruction algorithms

applied to nacelle-mounted lidar in flat ter-
rain. The deviation of the results from the
reference ultra-sonic anemometer is in the
range 0.2-0.99 m/s. Further discussion will
follow to extend the models, for instance to
complex terrain applications.

Summary

Under IEA Wind Annex 32 the efforts of
more than 50 international institutes are co-
ordinated to achieve a better confidence in
the employement of lidar system for wind
energy application. Within the three main
subtasks the state of the art knowledge
about the relevant issues concerning wind
lidar measurement has been collected and
prepared to be included in the expert reports
and recommended practices expected as re-
sult of the project. Preparations for a second
project phase lasting other three years are
currently undertaken.
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Introduction

The planned "European WindScanner Fa-
cility" (WindScanner.eu) will provide a
distributed research infrastructure, consist-
ing of advanced remote sensing devices
for mainly wind energy applications. In-
cluded in the European Strategy Forum
on Research Infrastructures (ESFRI) in
2011, the "WindScanner Facility” will be
able to provide new knowledge about de-
tailed three-dimensional atmospheric wind
flows, leading in this way to an increased
development of more efficient, smarter and
lighter wind turbines. It shall be established
as a pan-European research infrastructure
open for researchers and users from other
disciplines. The objective of the running
preparatory phase is to establish the tech-
nical, financial and administrative frame-
work for the research infrastructure, whose
operation is proposed to start in 2016.

Project Description

Besides the establishment of the WindScan-
ner research facility the preparatory phase
will coordinate, integrate and upgrade al-
ready existing modern Lidar remote sens-
ing devices at wind energy test centers in
Europe. By this the European competitive
advantage in wind energy system research
and development will be enhanced.

During the preparatory phase the network
between WindScanner research demon-
stration nodes and partners of the Euro-
pean Energy Research Alliances (EERA)
is developed involving several European
partners from different countries, namely
the coordinator DTU Wind Energy (Den-
mark), CENER (Spain), CRES (Greece),
ECN (Netherlands), ForWind — University
of Oldenburg (Germany), Fraunhofer IWNES
(Germany), IPU (Denmark), LNEG (Portu-
gal), SINTEF (Norway) and University of
Porto (Portugal). All these partners contrib-
ute in the work packages of the preparatory
phase. ForWind — University of Oldenburg
participates in the work packages “Organi-
zation & Finance”, “Legal Issues®, “Tech-
nology & Innovation”, “Nodal Coordina-
tion” and “Open Access”.

One of the major tasks deals with the provi-
sion of mobile remote sensing devices and
highly skilled staff to perform joint meas-
urement campaigns. Thus, the preparatory
phase includes personal trainings, exchange
programs and first campaigns within the
WindScanner research infrastructure. The
main objective of the new facility is to be-
come a center of excellence formed by lead-
ing European research organizations.

One of the first measurement campaigns
was conducted in summer 2014. During this
campaign six long-range scanning Lidar,
provided by DTU and ForWind-University
of Oldenburg performed fully synchronized
wind field scans at a 200 m meteorological
met mast near Kassel, Germany, operated
by Fraunhofer IWES as host of the cam-
paign. The six scanning long-range Lidar
were deployed around the met mast and
were controlled by a master / client software
and a data connection between each Lidar
device.

This first measurement campaign, per-
formed by several project partners within
the WindScanner research infrastructure

demonstrated the feasibility of pan-Europe-
an measurement campaigns and was the first
remote operation of six synchronized scan-
ning long-range Lidar units. Furthermore,
the experiences made during this campaign
are helpful for the definition of procedures
for the following campaigns within Wind-
Scanner.eu.

Summary

In November 2010 the preparatory phase
started to establish the required techni-
cal, financial and administrative structures
for the WindScanner research facility. The
actual start of this European infrastructure
is planned for 2016. The research facil-
ity WindScanner.eu will consist of remote
sensing measurement equipment and con-
cepts for measurements performed with
remote sensing devices such as Lidar dur-
ing pan-European measurement campaigns.
The application of three-dimensional meas-
urements with synchronized scanning Lidar
opens new possibilities by the WindScanner
Facility. The obtained results will lead to a
better understanding of the wind field, im-
proved computer models on multiple scale
wind energy applications and allow the op-
timization of wind turbines and wind farm
designs.
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Introduction

For future multi-megawatt wind energy
converters (WEC) in large-scale offshore
wind farms new and advanced control strat-
egies are required. Dynamic wind loads
have to be reduced efficiently and with
minimal controller operation, in order to de-

liver 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.

From these general considerations, the fol-
lowing main research topics of the RAVE-
LIDAR II project have been developed:

How can a robust and cost-efficient na-
celle-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 nacelle-based lidar
wind measurements?

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

Figure 1: Front (left) and rear (right) view of Whirlwind 1.
The dimensions are approximately 500 x 450 x 450 mm?*

Project Description

Up to now the implementation of these vi-
sions 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 diam-
eters beyond 120 m. Current control con-
cepts can only react to wind field fluctua-
tions which have already caused changes in
rotational speed or loads. When evaluating
the averaged or instantaneous power pro-
duction, 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":
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Figure 2: Experimental integration of Whirlwind 1 into the spinner of an AREVA Multibrid M5000 wind turbine,
November 2013.

1. Prototype of a robust and cost-efficient
lidar for nacelle-mounted application on
WEC, which is suitable for industriali-
sation.

2. Methods to determine the power perfor-
mance 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.

3. Procedures for monitoring the Langevin
power characteristic using the robust li-
dar.

4. Control strategies for optimization of
power performance and reduction of
loads, using nacelle-based lidar meas-
urements.

These components shall be developed and
tested with the help of diagnostic equipment
which is already installed in the offshore test
field »alpha ventus«.

In 2013, 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 param-
eters in 2011-12, substantial progress was
achieved also in the development of hard-
and software. Whirlwind 1 - the new robust
lidar — has been realised in 2013 as a pro-
totype. Based on test applications the elec-
tronic and optical components as well as the
firmware and operating software have been
further improved and optimised by end of
year 2014. Tests of the instrumental perfor-
mance in comparison with other wind lidars
have been achieved at the university cam-
pus in Stuttgart and Oldenburg, as well as
offshore in the »alpha ventus« wind farm.
The project ended by January 2015.

The design of the instrument is compact
and ruggedized, meeting high requirements
for operation in harsh environments such
as integration into the rotating spinner of a
wind turbine. This configuration results di-
rectly in a scanning operation, thus avoid-
ing the use of a dedicated scanner or other

moving mechanical parts. Wind vector data
are measured remotely over distances of 60
to 400 m, depending on atmospheric vis-
ibility conditions. The measuring range of
wind speeds is up to 80 m/s with a 0.1 m/s
resolution. Based on ruggedized embedded
technology the instrument provides reliable
long-term measurements of wind profiles to
identify already small deviations from nor-
mal operation and to adapted control strat-
egies for wind energy converter operation.

Summary

The project RAVE-LIDAR II continues the
successful work of the completed LIDAR
project and aims at results which can direct-
ly 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 de-
velopment as well as for new control and
monitoring strategies. The co-operation
with turbine manufacturers ensures the rel-
evance for future industrial utilisation.
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Figure 3: Testing of Whirlwind 1 (left) and other wind lidar instruments at SWE Stuttgart, March 26th 2014
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Figure 4: Wind speed measured in a laboratory test through the window on 10 July 2014 at a zenith angle of approx. 60°. Measuring
points corresponds to the time in seconds. 10,000 single pulse data were averaged which corresponds to a 1 s averaging.
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Figure 5: Mounting of Whirlwind 1 and a Leosphere WINDCUBE® lidar combined with
the Stuttgart Wind Energy (SWE) Scanner from DEWI GmbH, Wilhelmshaven, on a wind
turbine in alpha ventus, October 20th 2014.

Courtesy: Jan Anger, University of Stuttgart, Germany

Partners:

ForWind - Center for Wind Energy
Research, University of Oldenburg
(Coordinator)

Chair of Wind Energy (SWE),
University of Stuttgart

AREVA Wind GmbH, Bremerhaven
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Introduction

Wind turbines work within the atmos-
pheric boundary layer (ABL), which is
dominated by turbulence. Such turbulent
flows feature gusty structures, which have
a big impact on mechanical load fluctua-
tions and are considered to increase wind
turbine failure rates [1]. Active and passive
flow control elements represent a promis-
ing approach for the reduction of these
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changing forces and loads, respectively.
In the present project, a new method for
wind tunnel experiments will be adopted,
that allows an advanced investigation of
the dynamics of aerodynamic forces acting
on airfoil segments. Based on an analysis
of offshore wind data, the dominant wind
features will be reproduced in the wind
tunnel by means of an active grid. To study
the resulting force dynamics, a stochastic
analysis method is worked out, that allows
for a quantitative analysis of the dynamical
performance of airfoils with and without
flow control elements.

Project Description

Characterization of realistic turbulent
inflow conditions

Wind turbines are exposed to fluctuating
wind speeds and directions. Locally at the
rotor blades, these fluctuating wind condi-
tions are superimposed with the rotational
movement of the blades and define the re-
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Figure 1: Superposition of the wind velocity u_, and the blade rotational speed wr.
The resulting inflow u__ and the fluctuations of the angle Y correspond to the inflow

of the blade in turbulent conditions

sulting inflow. For the generation of these
inflow conditions for wind tunnel tests, data
from the offshore measurement platform
FINO1 was analyzed. Based on this data,
the resulting inflow on a rotating blade seg-
ment can be calculated for arbitrary rota-
tional frequencies ® and distance from the
hub 1, as illustrated in fig. 1.

This procedure results in a time series for
the inflow angle Y'(t|r), where its fluctua-
tions correspond to those in the local angle
of attack. These angle of attack fluctuations
were analyzed by means of increment statis-
tics, where the increment

0. y= y(t+n)-y(tlr)

describes the change of Y'(t|r) for the time
lag t. Figure 2 shows an example of a prob-
ability density function (PDF) of the re-
sulting angle of attack increments. It can
be seen that fluctuations as large as 5° are
occurring frequently. Such extreme fluctua-
tions are heavily underestimated by Gauss-
ian statistics used in industry standards [2].

10?4 -

1004

Figure 2: PDF of increments of the
resulting angle of attack fluctuations

at a wind turbine blade segment at r =
55m based on wind data. The graphs are
vertically shifted. From bottom to top T
takes the values of 0.5, 1, 5, 15 and 30s.
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Figure 3: Left: A profile mounted in the closed test section of the wind tunnel down-
stream of the active grid. Right: Measured time series of flow angle fluctuations (gray)
at the position of the leading edge of the profile in the wind tunnel with a sinusoidal fit
and the measured aerodynamic lift force of the installed profile (red).

It can be seen that the well-known inter-
mittent statistics of atmospheric turbulence
transfer directly to the resulting local inflow
at the wind turbine blades and therefore will
also influence their mechanical loads.

Measurement of aerodynamic quantities
An important goal of the present project is
the experimental test of the performance of
airfoils under realistic inflow conditions. As
shown above, the resulting inflow on wind
turbine blades shows intermittent statistics
on a variety of timescales. To be able to
generate dominant features in a reproduc-
ible way, an active grid was used. In a first
experiment, only the vertical axes of the ac-
tive grid have been used to generate quasi
2D sinusoidal inflow angle fluctuations with
different timescales and amplitudes on a 2D
airfoil segment. Fig. 3 (left) shows the ex-
perimental setup.

Fig. 3 (right) shows measured inflow an-
gle fluctuations at the position of the lead-
ing edge of the profile, without the profile
mounted. The red line shows a measure-
ment of the lift force acting on the airfoil us-
ing the same inflow setup. It is clearly vis-
ible that the fluctuations of the inflow angle
transfer to the aerodynamic forces acting on
the airfoil. With this simplified approach we
are able to test the influence of characteristic
fluctuations on a variety of scales. In future
work, we will advance the actuation of the
active grid to reproduce realistic inflow an-
gle fluctuations according to the statistical
properties determined from wind data.

Stochastic analysis

Another main task of this project is the
development of a method to evaluate the
performance of airfoils under turbulent in-
flow. We propose a stochastic Langevin ap-
proach, which decomposes the dynamics of
the measured force fluctuations F((t)|a) into
a deterministic and a stochastic part. In this
way, the dynamics in the force can be de-
scribed by the Langevin equation

d
Eﬂﬂmm=mWHmm+/mWHmwfm

where I'(t) is Gaussian d-correlated white
noise. The drift and diffusion coefficients
D® describes the deterministic relaxation
of the system to its desired steady state
D®W=0 . The diffusion coefficient D® de-
scribes the stochastic part of the system.
Both coefficients can be obtained directly
from measurement data. A first test of this
method was carried out using measured
force dynamics on a self-adaptive camber
Clark-y profile, developed at TU Darmstadt.
Fig. 4 shows the drift coefficient of the pro-
file in comparison to the fixed Clark-y base-
line profile under the same turbulent inflow
conditions. It is visible that the slope of the
deterministic drift around the fixed point
DM=0 is increased for the flexible profile.
We consider this method promising for the
quantitative evaluation of the dynamical
performance of airfoils [3].
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Figure 4: Deterministic drift of the lift
force acting on the self-adaptive camber
profile compared to its fixed baseline
profile

Summary

The presented project is concerned with
the development of an analyzing method
of flow control equipped airfoil segments
under realistic turbulent inflow conditions.
So far FINO1 wind data was analyzed to
define the needed inflow conditions for
wind tunnel experiments. An active grid
was used to generate quasi 2-dimensional
sinusoidal flow fluctuations under which
the dynamical reaction of the aerodynamic
lift force of a standard profile has been
measured. Additionally, the applicability
of the Langevin approach for a quantitative
analysis of airfoils in turbulent inflow was
shown.
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Introduction

Anemometers and tail vanes are wind sen-
sors, which are sensitive measuring instru-
ments installed to acquire meteorological
data in order to calculate the energy yield of
wind turbines and wind farms. Various fac-
tors 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 distort the
measurement results. Thus, research part-
ners from Ammonit Measurement, Adolf
Thies, Deutsche Windguard, and digiraster
Tetzner together with scientists of the Uni-
versity of Bremen initiated the research pro-
ject “Traceable acquisition of meteorologi-
cal data (RealMe)” in order to improve both
the reliability and the accuracy of measured
meteorological values.

Project Description

Site assessment reports based upon mete-
orological data are the basis for the finan-
cial planning and the design of wind farm
projects. In order to determine the wind en-
ergy potential of a site precisely, a compre-
hensive 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 eight-
digit investments.

The necessary sensors are installed on up to
200 m high met masts, which are exposed
to shadowing effects (Fig. 1) and 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 increas-
ing challenge for the site assessment. In
mountainous areas, tests with heated sen-
sors 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-
speed-measurement with additional sensors.
The RealMe project partners will focus on
four topics to find solutions for the existing

Figure 1: The Polar diagram shows the wind direction-dependent influence of the
mast wind shadow on the wind speed measurement [Ammonit]
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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 so-
lutions for different sensors are estimated
in the project. Additionally, the uncertain-
ties of the measurements have to be deter-
mined in order to be able to calculate the
uncertainties of the wind energy potential.
This uncertainty calculation is only possi-
ble if the traceability of the measured data
is ensured by measuring according to in-
ternational 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 informa-
tion to ensure highest data accuracy in the
future.

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 algo-
rithms. Alternatively, the icing-influenced
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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 en-
crypted prior to data transmission. Appro-
priate microelectronic circuits integrated
in the sensors and cross-linked digital
systems are developed and tested for these

purposes (Fig. 2).

Steady operation: Newly designed inde-
pendent power supply solutions should
ensure a steady operation of the measuring
systems in order to guarantee the long-term
availability of measurement data. In addi-
tion to power-saving switches, the project
team considers the approach of Energy
Harvesting. Therefore, the consortium ex-
amines different approaches for the genera-
tion of the necessary electrical energy for
the sensors. Considered locally available
sources are ambient temperature, vibration
and air flow.

Data
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Figure 2: Acquisition of meteorological data with an extension of the data record with
encryption and signature, and including all components of the measurement chain

Summary

Goal of the co-operative research pro-
ject is to develop and enhance measur-
ing 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-pa-
rameters, the sets of measurement-data in
comprehension of all components of the
measuring chain should be upgraded with
digital signatures. The partners evalu-
ate methods to digitize and digitally sign
measurement values directly in the sensor.
Microelectronic circuits will be devel-
oped 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.

During the project the project partners use
the research wind turbine of the Univer-
sity of Bremen and the wind tunnels of
Deutsche WindGuard, which offer a na-
tion-wide unique research infrastructure
and an ideal testing environment.
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Introduction

Numerous offshore wind farms are
planned, already granted, or currently un-
der construction within Germany's exclu-
sive economic zone (EEZ). The founda-
tions of the wind turbines are usually built
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 limit val-
ues prescribed by the German authorities
to protect marine mammals, which are a
single event sound pressure level (SEL) of
160 dB re 1 pPa and a maximum peak level
(Lpeak) of 190 dB re 1 pPa in a distance
of 750 m to the pile. Therefore, various
sound-damping 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 wa-
terborne noise due to offshore pile driving.
This includes especially models to predict
the sound development at the source due to

("BORA™)

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 other noise mitigation methods.

An important step when developing such
models is the thorough validation of the ap-
proaches regarding their ability to accurate-
ly 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 condi-
tions. Due to the complexity of the result-
ing model and the necessary access to sub-
stantial 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 calcu-
late basic noise predictions for offshore pile
driving. Finally, standard datasets will be
compiled to allow a review of future com-
putation models.

The project is organized in four work pack-
ages, each of them dealing with a specific
subdomain of the wave propagation prob-
lem, which will be solved by one of the
project partners. Each of the work packages
includes deep documentation work and the
publication of the major results.

AP 1:
TUHH/GBT describe the pile deforma-
tion and thus the vibration on the pile
surface which causes the hydroacoustic
input into the water column. Further-
more, the near field of the structure-
borne sound is modeled.

AP 2:
CAU/IAG investigate the structure of the
subsurface. Additionally, the far field of
the structure-borne sound is described.

AP 3:
LUH/ISD investigate the attenuating ef-
fect of different sound mitigation meas-
ures and set up corresponding models,
which can be included into the overall
sound propagation model. Thereby, em-
phasis is put on the complex bubble dy-
namics and thus the functional principle
of bubble curtains.

AP 4:
TUHH/IMB develop numerical mod-
els for the propagation of the water-
borne so TUHH/IMB develop numeri-
cal 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 the creation of a complex integrated
model, which enables a detailed investiga-
tion 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 are being developed.
To reach this goal, a suitable finite element
approach has been defined. This model is
based on the wave equation and takes into
account the different physical phenomena
involved in the process. Some of these phe-
nomena are the increment of the sound scat-
tering at the omnidirectional eigenfrequency
of the bubble or the interaction between two
or more bubbles.

In a first step, a mathematical model for the
mitigation concept of the bubble curtain,
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Figure 1: Division of the wave propagation problem into specific

subdomain models (Source: BORA)

developed within a recently completed re-
search project [3], was upgraded, taking
into account effects of sound scattering and
measured bubble size distributions.

As a next step, simulation models for bub-
ble curtains and typical further concepts
[1, 2] are being developed. Regarding the
bubble curtain, numerical studies simulat-
ing the local interaction between single
bubbles are analyzed. The obtained results
are compared with the upgraded model of
the previous work package as verification.

The results of the numerical modeling will
be validated with data from different off-
shore experiments, in which underwater
sound pressures for several foundation types
and distances are measured. These compari-
sons will be used to calibrate the models.

The validated computational models will
be implemented into the overall acoustic
propagation model of TUHH/IMB. To al-
low a global calculation with an affordable
computational cost, the bubble curtain will
be defined as an equivalent fluid with com-
plex frequency-dependent properties. These
properties are estimated from detailed nu-
merical simulations in order to reproduce
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Figure 2: Sound scattering at the bubble

eigenfrequency

all the physical phenomena involved in the
process.

Once the bubble curtain is added to the
global acoustic propagation model, some
optimizations can be performed, if required.
Finally, sensitivity analyses for different
boundary conditions and properties of the
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
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Figure 3: Equivalent sound speed of a
bubble curtain

of the above mentioned 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 plat-
forms often requires the operation of high-
energy 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 ef-
fects on the marine environment due to con-
struction 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 erec-
tion of alpha ventus were investigated with
respect to underwater noise. The main atten-
tion 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 oc-
casionally overlapping noise emissions to

evaluate the ecological relevance. Currently
there is no reliable forecast model available
to give an answer to the questions men-
tioned above. Furthermore there is the need
for a uniform mapping of the expected un-
derwater 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 (DEWTI)
as well as the German Federal Maritime
and Hydrographic Agency (BSH) was es-
tablished. The project dealt with the imple-
mentation 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

The numerical approach incorporates a cou-
pling between the finite element method
(FEM) for the pile including the surround-
ing water/bottom-column and the parabolic
equation (PE) for the efficient calculation of

] 0 40 B
FRanga nm

Despih in m

long-range propagation [3]. The results of
the FEM simulation are applied to the PE al-
gorithm 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).

Major 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 (ba-
thymetry) as well as its geoacoustic prop-
erties like density, sound speed and attenu-
ation 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 75km
with an artificial sandbank ranging from
10 to 20km. Within the region of the sand-
band, 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
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Figure 2: Numerical case studies based on the PE method;
left: Flat bathymetry; right: Sandband of finite length

transmission loss significantly increases if
the sandbank is included in the simulation.
The example shows that it is necessary to
take the bathymetry into account, especially
when long-range propagation is considered.

During the project the model was validated
based on in-situ measurements that were
gathered during the construction of the wind
farms Borkum West II and BARD Offshore
1. Fig. 3 shows the comparison of simulated
and measured results for the validation case
Borkum West II up to a distance of 18400
m as well as a parametric study concern-
ing the sound speed in the soil. Therefor the
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Summary

The developed model and the validation fa-
cilitate a better understanding of the sound
generation and propagation mechanisms
during pile driving and moreover offer the
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a multi-parametric analysis in order to de-
velop simplified formulas for piling noise
predictions.
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Introduction

Pile driving for the installation of founda-
tion structures for offshore wind turbines
cause high noise levels in the water (un-
derwater noise), which can be harmful to
marine mammals. Underwater noise can
lead to disturbances in the far field and to
hearing damage in the close range. While
the risk of direct injury of marine mam-
mals can be reduced by scaring and a slow
increase of the driving energy (soft start),
disturbances can be minimized only by the
reduction of noise emissions.

One existing noise mitigation method is the
use of a Big Bubble Curtain (BBC). There-
fore a nozzle hose is installed at the sea
floor around the piling site. Compressed
air is pumped into the nozzle hose and the
raising bubbles build a dense wall around
the sound source. The distance between
the nozzle hose and the pile is designed in
order to enclose the whole pile with bub-
bles even if the bubbles are drifted by sea
currents. In the German bight of the North
Sea the radius of a Big Bubble Curtain has
to be at least twice the water depth.

The operated Big Bubble Curtain at the
construction of FINO3 in the North Sea is

Offshore Pile Driving

shown in Figure 1. Since 2008 Big Bub-
ble Curtains are used at many construction
sites in the North and Baltic Sea with dif-
ferent layouts. However the reduced sound
pressure levels often exceed the limit val-
ues prescribed by the German authorities
to protect marine mammals, which are a
single event sound pressure level (SEL) of
160 dB re 1 pPa and a maximum peak level
(Lpeak) of 190 dB re 1 pPa in a distance of
750 m to the pile.

Project Description

In this research project technical aspects to
the use of Big Bubble Curtains under the re-
quirements of the construction of offshore
wind farms in deep water (up to 50 m) and
with the use of large installation vessels are
examined, tested and further developed.
Main topic is the optimization of individual
technical components of the bubble curtain
and the improvement of the noise reduction.

The effectiveness of the bubble curtain is
examined by hydro sound measurements
and by measuring the response of harbor
porpoises.

Goal of this research project is the develop-
ment of a large-scale method to the serial
use of bubble curtains at the construction of
offshore wind farms and the testing at the
construction site of the offshore wind farm
Global Tech 1. Within the project new sys-
tem components (technical optimization)
for a more reliable handling and further
improvements of the sound mitigation ef-
fect of the Big Bubble Curtain are further
developed and tested. The goal of a lower
disturbance on harbor porpoises is verified
by measurements using passive acoustic
monitoring (hydro sound measurements
combined with porpoise detectors).

In addition to the optimization of individual
technical system components of the nozzle
hoses, the winches and the installation ves-

Figure 1: Big Bubble curtain installed at FINO3 construction site in 2008 [1]
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sel a new method of bubble production is
tested for the first time in the offshore en-
vironment. Therefore the nozzle hose is re-
placed by a new hose which is encapsulated
with a micro-perforated membrane.

Within the finished research project
“SCHALL3” [2] different nozzle hoses
and membranes were tested and compared.
Laboratory tests showed that very dense
bubble curtains can be produced with the
membrane in comparison with drilled noz-
zle holes. Figure 2 shows bubble curtains
produced with a conventional nozzle pipe
(a) and with a membrane (b) using the same
amount of applied air volume. Addition-
ally acoustical tests in a lake showed for the
membrane a significant higher sound reduc-
tion within the important frequency range of
100 Hz to 400 Hz.

Summary

After project start in 2013 the components
of the new hose were ordered. The hose
which is encapsulated with a micro-perfo-
rated membrane was built by the company
Hydrotechnik Liibeck [3]. The installation
vessel was prepared for the operation of
the new sound mitigation system. A first
attempt to install the membrane hose was
canceled due to bad weather conditions a
few days before Christmas. Finally the test
took place at the beginning of 2014.

Figure 2: Bubble curtains produced (a) with drilled nozzle holes and (b) with a
micro-perforated membrane. The applied air volume flow is 27 |/min each.
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Introduction

Pile foundations are used for the founda-
tion of numerous offshore wind energy
converters. Thus, the design of steel-pipe
piles must be carried out in the most effi-
cient way. At present different commercial
programs are available to analyze the capa-
bility of deep foundations, but their results
differ in some aspects significantly from
each other. The reason for the discrepan-
cies between results is not totally clear due
to the fact that they are Closed-Sources
(CSS). Furthermore, others implementa-
tions or improvements are impossible to
accomplish. Hence, the program IGtH Pile
has been developed at the Institute for Ge-
otechnical Engineering (IGtH) since 2013,
which allows analysis and designs of sin-
gle piles subjected to axial and lateral load-
ing. In contrast to other programs, IGtH-
Pile offers the possibility to calculate pile
foundations also under cyclic axial loading
according to currently established regula-
tions. It will also be possible to implement
other processes of calculation in order to
design offshore piles under cyclic lateral
loading. It has to be mentioned that the
program is being developed for research
and academic purposes only.

Project Description

The program has basically a modular de-
sign and is implemented under the concept
object-oriented programming technique
(OOP). In this regard, efficient organization
of the source code is assured. Visual Basic
.Net has been used as the programming lan-

guage for the development of IGtH-Pile.

(IGtH-Pile)

The input and output (IO) can be used
through a windows-based Graphical User
Interface (GUI) that provides a bilingual
program whereby the user can choose the
language between German and English,
thereby ensuring it is user-friendly. In order
to properly interpret of the results, they are
displayed in graphics and tables in parallel
form. The results can be exported to Micro-
soft Office Excel to facilitate the process of
the information.

The options of analysis are found in a panel
under the main tab, these are divided into
sub topics like axially and laterally loading
because their analysis is carried out sepa-
rately as shown in Fig. 1.

For axially loaded piles, the axial capacity
can be examined using the API [2] f-method
and a-method, which are established widely
in practice, as well as some methods that are
based on the evaluation of Cone Penetra-
tion Tests (CPT), which are called ICP-05,
UWA-05, Fugro-05, NGI-05 [2] in non co-
hesive soils and ICP-Method (Jardine et al.,
2005) [5] in cohesive soils.

For these methods the following capabilities
are already implemented in the program:
Determination of the axial capacity along
the pile length in homogeneous and non-
homogeneous soil. Detailed information
of skin friction and end bearing.
Estimation of the degradation of pile skin
friction, with that a decrease of the static
pile capacity due to cyclic axial loading
by using interaction diagrams in relation
with recommendations to the Draft chap-
ter 13 of EA-Pféhle [4] (see Figure 2) .
Calculation of the Geotechnical ultimate
limit state (ULS) design proof described
in DIN 1054 [3].

Generation of t-z and Q-z curves for static
loads according to API [2].

Calculation of local pile deflection at any
depth as well as axial tip through the use
of spring characteristic curves.

- Consideration of general scour and local
scour in the analysis according to API [2].

With application of different spring char-
acteristic curves proposed by O’Neill and
Murchison (1984), Reese et al (1974),
Kallehave et al. (2012), Soerensen (2012)
in non cohesive soils and Reese, Cox, Koop
(1975), Matlock (1970) in cohesive soils it
is possible to calculate the following capa-
bilities for laterally loaded piles:

- Calculation of lateral deflection, bending
moment, shear force, and the ultimate lat-
eral bearing capacity along the length of
the pile.

Determination of the pile head load corre-
sponding to specific lateral head displace-
ment or rotation.

Calculation of the Geotechnical ultimate
limit state (ULS) design proof described
in DIN 1054 [3].

Generation of p-y curves for soft and stiff

clay as well as for sandy soils under static
or cyclic load conditions according to API
(2].

Estimation of the critical embedded pile

length, subject to reach the minimum pile
head deflection (Lc,const) according to
the German EA-Pfahle [4].

Determination of the pile head load cor-

responding to the failure state.

Consideration of general scour and local
scour in the analysis according to API [2].

Numerical techniques as Finite Element
Method (FEM) have been implemented for
the parametric analysis. The pile is ideal-
ized as a one dimensional beam element
that is supported by nonlinear springs. This
beam analysis can be applied using different
theories such as Timoshenko and Euler-Ber-
noulli in the program. To resolve this model
an iterative procedure is used that is carried
out to achieve equilibrium of the forces and
compatibility of deformation.
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Figure 1: Analysis options for axially and laterally loaded piles
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(left), degradation by using the “damage variable” [1] (right)
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Summary

The capabilities of the program IGtH Pile
are described in this report. Based on the
concept  object-oriented  programming
technique (OOP) various methods of cal-
culation are implemented in the program,
recommended by standard regulations for
the analysis and design of single piles un-
der different load conditions (axially and
laterally loaded piles). The employment of
a windows-based Graphical User Interface
(GUI) allows the presentation of the re-
sults in graphics and tables. Furthermore,
it is feasible to implement new methods of
calculation in the program, for example the
analysis and design of the offshore-piles un-
der cyclic load conditions
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Introduction

The behavior of piles under cyclic loading
is an important research issue. In particular
offshore piles are often subject to inten-
sively cyclic loads due to the strong wind
and wave actions. Regarding axial cyclic
loading, it is known that the pile capacity
is in general decreasing with increasing
number of load cycles. This occurs mainly
due to a decrease of ultimate skin friction,
whereas the tip resistance is believed to
remain almost unchanged. For the safe
and economic design of the required pile
length the decrease of pile capacity with
number of load cycles must be accurately
predicted.

At the institute of the authors, a special nu-
merical simulation scheme was developed.
Herein, the system behavior under the first
loading and unloading step is simulated by
a finite element calculation. From the re-
sulting shear strain amplitude in each ele-
ment, the volume compaction to be expect-
ed under the considered number of load
cycles is predicted by an approach derived
from cyclic simple shear tests conducted
by Silver & Seed (1971) [3]. This volume
compaction is applied to the elements in
the finite element model and results in a
reduction of the normal stresses acting on
the pile. In a subsequent loading stage, the
(reduced) post-cyclic capacity of the pile is
determined.

Figure 1: Schematic diagram showing the
loading and unloading steps

Project Description

The German ‘EA Pfdhle’ recommendation
(2012) [1] presents interaction diagrams
which can be used in the design, for in-
stance the interaction diagram proposed
by Kirsch et al. (2010) [2]. In this project
a numerical approach which principally
facilitates the derivation of an interaction
diagram and the calculation of the pile ca-
pacity under cyclic loading.

The idea of the proposed method is to pre-
dict the volume compaction of the soil ele-
ments beside a pile induced by cyclic shear-
ing and to consider this volume change in
the numerical simulation of pile behavior.
The compaction effect due to shear strain
was investigated previously by Silver &
Seed (1971) [3] by performing cyclic sim-
ple shear tests on sand. It was found that
the increase of volume compaction with
number of load cycles is dependent on the
amplitude of the cyclic shear strain ap-
plied. In contrast, no clear trend regarding
the effect of the vertical stress was found.

The computations were carried out us-
ing the finite element program system
ABAQUS (Abaqus 2012). A two-dimen-
sional (2D-axisymmetric) finite element
model to investigate the axial deformation
response of a pile in sandy soil was estab-
lished. The numerical modelling was per-

formed for a steel tube pile with length of
50.0m, diameter of 2.0m and a wall thick-
ness of 3.0 cm. A linear elastic material be-
havior of the piles was assumed with the
parameters E = 2.10-10° MN/m? (Young’s
modulus) and v = 0.20 (Poisson’s ratio) for
steel.

To account for the non-linear soil behav-
ior, elasto-plastic material behavior was
assumed for the soil elements. A Mohr-
Coulomb failure criterion (parameters ¢’,
¢’, v) was considered. A stress dependency
of the oedometric stiffness modulus was
implemented.

The numerical modeling was performed in
several stages. In the first stage, the tensile
load was then increased gradually until
failure occurred. The result is the static
load-deflection curve and the static pull-
out capacity of the system.

The second stage is elucidated in Figure
1. The pile is loaded up to a load Fand
then unloaded to a load F__ . For each soil
element the maximum and minimum shear

strains y__.,iand y_, iare determined. The

cyclic shear strain amplitude can be ob-
tained by

q(x,x',:' = (Y.'nux,:' - ’}(m:'u,r)/z

min

t.--
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In the third stage, the pile is again loaded to
F__ andthen these volume compactions are
applied to the pile-soil system. The desired
compaction or shrinkage of the elements
was realized by applying temperature dif-
ferences which induce the desired volume
compaction. The result is a redistribution
of stresses in the system; in particular a de-
crease of the horizontal stresses acting on
the pile, and an increase of the axial pile
heave under the applied load F_ .
By repeating the third stage calculations
for different number of load cycles, the
dependence of cyclic pull-out capacity R,
on the number of load cycles is obtained.
Furthermore, if R,  becomes equal to F
the considered number of load cycles is
identical to the number of load cycles lead-
ing to failure N. Thus, by a series of cal-
culations N, can be identified. Therefore,
by variation of F . and F__, an interaction

max’

diagram for the system can be derived.

The static pull-out capacity calculated
with the numerical model amounts to
R=13.65 MN. A maximum load of
F ..=0.76:-Rk=10.40 MN and subsequently
unloading to F . =0.07-R,=1.00 MN was

min

applied. Hence, the normalized loads were
now X =042 and X =0.34. Fig. 2
shows the reduction of pile capacity with
the load cycle number. An almost linear
decrease of R, in the logarithmic scale, i.e.
with log N, is obtained. At a load cycle num-
ber of about 28,000 the decreased capac-
ity is identical to the maximum load F_ .
This means that for the considered load
combination the number of load cycles N,
leading to failure is N;=28,000. One point
in the interaction diagram of the consid-
ered pile system is thus found. Using the
interaction diagram of Kirsch et al. N~85
can be deduced. Evidently, for the system
considered here the numerical approach in
its present form leads to more favourable
results than the other approaches.

Fig. 3 depicts the increase of the maxi-
mum heave. Up to 10,000 load cycles the
pile heave has increased moderately from
11.25mm to 12.3mm. For greater load cy-
cle numbers a greater increase of the ac-
cumulation rate is obtained, tending to an
infinite rate when the N -value of 28,000 is
approached. Therefore, the results coincide
with the results shown in Fig. 2.
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Figure 2: Schematic diagram showing
the loading and unloading

Mumber of cychas M [-]

Figure 3: Development of maximum
heave with number of load cycles for
Xpean=0-42 and X =0.34

Summary

The presented results show that the pro-
posed method is a promising tool which is
capable to derive system-dependent inter-
action diagrams, and also to calculate AR,
as well as the increase of the maximum pile
heave for a certain cyclic load configura-
tion. With this method it is possible to study
the influence of system parameters on the
pile behavior under cyclic axial loading.
In its present form the numerical model is
only a basic model. A further refinement
of the method is therefore desirable. Sub-
sequently, a validation of the method by
systematic comparison with experimental
test results has to be carried out.
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Introduction

Piles used as foundation elements for sup-
port structures of offshore wind energy
converters are subject to highly cyclic ten-
sion or compressive loading. It is known
from a number of field and model tests
that piles under cyclic axial loading can
exhibit a significant reduction of capac-
ity compared to the static loading case.
The main reason for this phenomenon is
the compaction of the soil adjacent to the
pile due to cyclic shearing. From the lim-
ited number of tests available, interaction
diagrams have been developed. However,
such diagrams cannot account for soil con-
ditions or pile geometry and pile stiffness.
A generally valid calculation approach for
the problem is yet not available.

A special numerical scheme based on a fi-
nite element simulation of the pile behav-
ior was developed, which allows calculat-
ing the number of load cycles leading to
failure for a certain load level. From the
first loading and unloading steps, the shear
strain amplitude in each soil element is cal-
culated and the expected volume compac-
tion under the considered number of load
cycles can be predicted, considering the
soil behavior in cyclic simple shear tests.
This volume compaction is applied to the
finite element model. The result is a stress
relaxation and a reduction of the ultimate
skin friction acting on the pile. By increas-
ing the soil compaction dependent on the
number of loading cycles, the number of
load cycles leading to failure for one load
combination can be determined. By repeat-

ing this procedure for other load combina-
tions an interaction diagram for one pile-
soil-system can be developed.

Project Description

The idea of the proposed method is to pre-
dict the pile behavior under axial cyclic
loading and to develop system-dependent
interaction diagrams.

The calculations were carried out using the
finite element program ABAQUS. A finite
element model with 2D-axisymmetric el-
ements was established to investigate the
axial pile behavior in sandy soil. A steel
pipe pile with an embedded length of
L=50m, a diameter of D=2m and a wall
thickness of t=3cm in medium dense sand
is considered. A linear elastic material be-
havior of the piles was assumed with the
parameters E = 2.10-10® kN/m? (Young’s
modulus) and v = 0.27 (Poisson’s ratio)
for steel. To account for the non-linear soil
behavior, elasto-plastic material behav-
ior was assumed for the soil elements. A
Mohr-Coulomb failure criterion was con-
sidered. A stress dependency of the oedo-
metric stiffness modulus was implemented
as well.

To consider the degradation of pile capacity
due to a certain number of loading cycles,
the system behavior under the first loading
and unloading steps is simulated by a finite
element calculation. For each soil element
the maximum and minimum shear strains
Yomar; @04 ¥, are determined from the prin-
cipal strain components ¢, €,and €, by

L \:.%['-‘-1 — £)* + (2 — 6] + (&1 — £5)7]
[31.
From the resulting shear strain amplitude

A (A A )2 in each soil element, the
volume compaction to be expected under

the considered number of load cycles is pre-
dicted by an approach derived from cyclic
simple shear tests reported by Silver & Seed
(1971) [1]. By evaluating the results of Sil-
ver & Seed (1971), the following equations
were derived to analytically describe the
volume compaction ¢ in dependency on the
cyclic shear strain Yo the relative density D,
and the number of load cycles N:

£.= (10X - 1005 mme ). (03 4 0.7 - lag N}

with y(D,} = 1.71 —282- D, + 0.94 - DF

Here, the full volume compaction was as-
sumed to occur by horizontal shrinkage of
the soil elements, i.e. no vertical strain was
applied. Since the soil behaves almost elas-
tic in the range of small strains, no volume
compaction is to be expected for shear strain
amplitudes smaller than a threshold strain
Yy This means that the volume compaction
of an element is set to zero if Yeyi < Viim: The
magnitude of the threshold strain is depend-
ent on the soil type, see e.g. Vucetic (1994)
[2]. In the investigations presented here, it
is set to y, =5-10", which is a typical value
for sandy soils.

The volume compaction is applied to the
elements in the finite element model for ar-
bitrary numbers of loading cycles and dif-
ferent load levels. The increase of volume
compaction leads to a reduction of normal
stresses acting on the pile, and thus to a
decrease of skin friction and to an increase
of vertical pile displacement. The volume
compaction is increased gradually in de-
pendency on the number of load cycles until
failure occurs. Load cycle numbers up to
N=1-10" (or strains coinciding with these
cycle numbers, respectively) were inves-
tigated. If there is no failure discovered in
this range the system is regarded as cycli-
cally stable.

By repeating this process for different val-
ues of the mean load and the load amplitude
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Figure 1: Calculated interaction diagram for a pile with D=2m, L=50m in medium dense sand (left), and Interaction diagram
for the reference system with additional results for a pile with an embedded length of L=25m (right)

an interaction diagram for one pile-soil-sys-
tem can be established. Based on a series of
calculations for 290 different combinations
of X .

established by drawing contour lines for

and Xy @n interaction diagram is

specific numbers of load cycles leading to
failure.

In the interaction diagram presented in Fig. 1
(left) contour lines for numbers of load cy-
cles leading to failure from N=1-10" up to
N=1-10° are shown. If a number of load cy-
cles of N=1-10" did not lead to failure the
system is regarded as stable. So, for a cyclic
loading level in the region below the con-
tour line for N=1-10° no loss of pile capacity
due to cyclic axial loading is to be expected.

The shape of the contour lines is nearly
linear in the considered region of one-way
cyclic loading in tension. Furthermore it can
be stated that the region where the system
can be considered as stable is quite large and
the distances between the particular lines
are relatively small.

As stated before, existing interaction dia-
grams do not account for pile dimensions or
soil conditions. However, the proposed nu-
merical approach now enables a derivation
of interaction diagrams for specific pile di-
mensions and soil conditions. Hence in ad-
dition to the reference system a pile with an
embedded length of L=25m is considered
and the results for the two pile-soil-systems
are compared. The pile diameter D=2m,

wall thickness t=3cm and the soil conditions
remain the same, so that just the influence
of the pile length can be examined. Again
different combinations of the normalized
mean load X and load amplitude X care
considered. However, only a few calcula-
tions were carried out in order to enable a
comparison with the results derived for the
reference case. Therefore, in Fig. 1 (right)
the results in form of load cycle numbers
leading to failure for specific load levels are
drawn into the interaction diagram for the
reference system.

Based on the conducted calculations it can
be stated that there are only slight differenc-
es in the results for a pile with a length of
L=50m and L=25m. Especially in the range
of lower numbers of load cycles leading to
failure the results for the system with the
shorter pile accord with the interaction dia-
gram for the reference system. However, in
the range of higher load cycle numbers lead-
ing to failure differences can be observed in
the behavior of the considered systems. The
shorter pile shows a slightly more stable be-
havior under axial cyclic loading than the
longer pile.

Summary

The results show that the proposed method
is a promising tool for the derivation of in-
teraction diagrams for piles under cyclic
axial loading in sand. It was shown that in
general different interaction diagrams ap-
ply for different pile dimensions. However,
the differences were low for the considered
cases of a pile once with 25m and once with
50m embedded length.

It has to be pointed out, that the presented
numerical approach is still based on several
simplifications and assumptions whose im-
pact on the results shall be tested in future
works. Subsequently, a validation of the ap-
proach by systematic comparison with ex-
perimental test results has to be carried out.
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Introduction

High-strength bolts sets (HV) are used
in support structures for on- and offshore
wind turbines as well as other applications
of structural engineering. Ring-flange con-
nections between tubular steel tower sec-
tions are commonly executed with large-
size HV-sets of diameters between M30
and M48. However, increasing sizes of
turbines and structures recently led to the
application of even larger bolt diameters.
Especially at lower connection levels, for
instance at the interface between tower
and offshore substructures (e.g. jackets
or monopiles), design commonly requires
bolt diameters M64 or M72.

Due to the dynamic load environment of
wind turbines with considerable numbers
of load cycles and the high notch effect of
the bolt threat, fatigue design of the bolts

is of special importance. In order to reduce
the fatigue loads preloading of bolts in
ring-flange connections is essential for the
structural integrity.

Protection against corrosion of bolts is
commonly achieved by hot-dip galvaniz-
ing. It has been shown that the zinc coating
has an impact on the bolt’s fatigue strength
[1]. However, due to the high mean loads
the experimental prediction of the fatigue
strength and the quantification of the
boundary layer effect is very demanding
for bolts with large diameters. Moreover,
until now it remains unclear how the zinc
coating mechanically affects the fatigue
strength of the bolt.

Project Description

Within a joint research project of the In-
stitute for Steel Construction, Leibniz
University Hannover, and the Institute for
Material Science, Technical University
Darmstadt, the fatigue behaviour of large-
size, high-strength bolts under considera-
tion of boundary layer effects is systemati-
cally investigated.

To this end the mechanical phenomena,
which lead to the reduced fatigue strength
of the bolts caused by the zinc coating, are
analyzed. Possible explanations are for in-
stance inferior material characteristics of
the boundary layer compared to the bolt’s
base material or micro cracks in the zinc
layer which reach into the surface of the
base material. Furthermore, the coating af-
fects friction and other surface characteris-
tic in the contact zone between thread and
nut. Thus, the coating has an impact on the
local load distribution inside the thread.
The overall aim is the identification of the
decisive mechanisms and the derivation

of a suitable model for consideration of
boundary layer effects in analytical fatigue
predictions. Besides detailed metallurgical
analyses of boundary layer and base mate-
rial the investigations comprise an experi-
mental quantification of the boundary layer
effect on the fatigue strength of notched
specimens.

Additionally, extensive fatigue tests are
performed directly on high-strength bolts
with large diameters. In order to achieve a
realistic stress level, all tests are performed
P0.2%, Wthh
corresponds to the nominal preload of the
bolts according to EC 3. The experimental
investigations on high-strength bolts com-
prise fatigue tests under axial loading on
more than 100 bolts of size M36 with dif-

ferent boundary layer configurations.

under high mean stress of 0.7 - R

Experiments with constant amplitudes are
conducted in a high-frequency pulsator lo-
cated in the recently opened Test Centre For
Support Structures in Hannover (TTH), cf.
Fig. 2. With loading frequencies of more
the 50 Hz for the given test set-up, the used
test facility allows to apply high load cycle
numbers of N =5 - 10° to the specimens in
only about 26 h while maintaining the re-
quired mean load of 515kN. The results of
this test series will be three complete S-N
curves for HV-sets M36 with the boundary
layer configurations black bolt, normal-
temperature hot-dip galvanizing and high-
temperature hot-dip galvanizing. Thus, the
effect of the zinc coating in the high cycle
fatigue regime as well as on the fatigue
limit strength of the bolts can be quantified.
The result basis will be enhanced by fa-
tigue tests on bolts M36 under variable
amplitudes performed in a servo-hydraulic
testing machine at TU Darmstadt. The
transferability of the results on larger bolt
diameters and the influence of the size
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Figure 1. Hot-dip galvanized bolts M36 and M64

effect will be evaluated in further experi-
ments on bolts of size M64 with two dif-
ferent boundary layer configurations. In
order to enable testing under the required
mean load of 1680 kN the tests are per-
formed in a 10 MN servo-hydraulic testing
machine at the Leibniz University Han-
nover. For the first time ever these unique
large-scale experiments will provide public
available fatigue test data of high-strength
bolts larger than M48 and under nominal
preload level.

In addition to the direct quantification of
the boundary layer effect the test results
will be used to verify the applicability of
an analytical assessment method based on
the notch strain approach, cf. Fig. 3. The
analytical fatigue life assessment method,
which is developed within the framework
of the project, focuses on the inclusion of
boundary layer effects and on the predict-
ability of fatigue life under variable ampli-
tudes. Hence, the outcome of the project
will be a experimentally validated assess-
ment method which can be used for the
fatigue life prediction of galvanized large-
size bolt under realistic loading conditions.

Figure 3. Numerical model for analytical
fatigue assessment with the notch strain
approach

Figure 2. Test set-up for bots M36 at the TTH

Summary

For the connection of different segments
of wind turbine support structures bolts
with large diameters M30 to M72 are used.
Protection against corrosion of the bolts is
commonly achieved by hot-dip galvaniz-
ing. Until now the effect of the zinc coat-
ing on the bolt’s fatigue strength has not
conclusively been analyzed. Performing
extensive experimental investigations, this
project will lead to valuable insights in the
physical phenomena of fatigue life reduc-
tion caused by the galvanization. Based on
the results, a secured assessment method
for the fatigue strength of large-size bolts
which considers the influence of the zinc
boundary layer will be developed
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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 struc-
tures is associated with significant noise
emissions which sometimes exceed the
limits made by the Federal Maritime and
Hydrographic Agency (BSH). The installa-
tion 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 combina-
tion of a gravity foundation and a monopile.
Although suction-installed bucket founda-

tions 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

“WindBucket” is a cooperative project be-
tween the University of Hannover (repre-
sented by IfB, IGtH, IFMA, IfS, ISD), the
engineering company Overdick and the
Fraunhofer Institute for Wind Energy and
Energy System Technology. In the project
the design of the suction bucket founda-
tion for offshore wind turbines is investi-
gated. 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.

In this cooperative project the structural
design with transportation and installation
concept is developed based on an ecologi-
cal and an economic perspective. Installa-
tion and operating conditions are examined
with particular emphasis on soil-structure
interaction. The use of alternative materi-
als and design codes are analyzed. Different
numerical models are developed and imple-
mented.

The Institute for Geotechnical Engineering
(IGtH) has dealt both with the installation
process and the bearing behaviour of buck-
ets. Regarding the installation process, flow
net calculations were done to assess the
critical suction limits for steel and concrete
buckets (see e.g. [1]). The reachable instal-
lation depths have then been calculated for
different soil conditions which represent the
German part of the North Sea. Regarding
the bearing behaviour of monopod buckets,
a simplified calculation method for the static

bearing capacity of a monopod structure in
homogenous soil has been derived out of the
results of numerical calculations [2]. More-
over, a numerical model to estimate the
cyclic load bearing behaviour of monopod
structures has been developed and applied
[3]. Its results show that the cyclic behav-
iour of monopods is similar to monopiles.
Finally, regarding the behavior of buckets of
multipod structures under tensile loading, a
mechanical-hydraulically coupled numeri-
cal model for the calculation of the partly
drained and undrained pullout capacity of
a suction bucket has been developed, and
parametric studies have been carried out [4].
The following activities of the IGtH will be
the development of a design concept which
shall include recommendations of proce-
dure for the required proofs and shall also
take the special requirements of the German
licensing authority (BSH) into account.

The Institute of Structural Analysis (ISD)
has continued on the integrated offshore
wind turbine (OWT) simulation considering
the before developed soil-structure-interac-
tion (SSI) models describing the mechanical
suction bucket behavior under a dynamic
load regime. These models have been inte-
grated and compared with each other carry-
ing out a modal analysis and a transient load
analysis.

The models for soil-structure-interaction,
considering the dynamic stiffness behavior
and damping characteristics, have been de-
veloped further by integrating precise load-
displacement results from extensive finite
element simulations by the IGtH.

Computation time for the integrated OWT
simulation could be optimized by utilizing
model order reduction techniques (compo-
nent mode synthesis) using reduced flex-
ible bodies within a multibody simulation
(MBS). For this the simulation framework
FAST (NREL) has been applied.
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A more realistic simulation has been set
up by having regard to aspects of marine
growth, corrosion, scour and accumulat-
ed damage due to dynamic loads. By the
achievements within this work package a
time-efficient and still sufficiently precise
simulation could be performed as a basis
for future work on OWT substructures and
especially with suction bucket foundations.

The Institute for Steel Construction (IfS)
investigates the buckling behavior of the
suction bucket during installation and op-
eration under consideration of geometrical
imperfections. In the first step a numerical
model was build up that takes account of the
nonlinear stress-strain behavior of the soil.
Based on this model several parameter stud-
ies are performed on the stress and deforma-
tions states of the bucket during installation
under several kinds of pre-deformations and
penetration depths.

The aim of the work is to develop recom-
mendations for the design and verification
of suction buckets based on FEM-analyses.
The recommendations will also include
knowledge on critical fatigue details.

The Institute of Building Materials Science
(IfB) is developing possible alternatives for
bucket foundations in concrete and compos-
ite materials. The advantages and disadvan-
tages of the respective design alternatives
have been identified. The global design con-
cept will be discussed and evaluated taking
the manufacturing techniques, transporta-
tion and assembly facilities including logis-
tics and manufacturing into consideration.

A design concept for a large-scale mono
bucket foundation made of high perfor-
mance concrete with steel interior partitions
was developed. The deflection at the top of
the bucket is limited by the partition walls.
By dividing the inner space of the bucket,
these partition walls additionally help to
control the steering of the bucket during
the installation process. The design concept
has been prepared giving due attention to
specific features of the components. Inves-
tigations on requirements for manufacturing
and logistics have revealed that the tech-
niques used in heavyweight offshore foun-
dations can suitably be adopted. The neces-

sary measures for scour protection can be
carried out in accordance with heavyweight
offshore foundations.

Besides methods of construction such as
reinforced and prestressed concrete as well
as composite or sandwich construction con-
cepts were considered for alternative large-
scale mono bucket foundations. But the pre-
liminary research has revealed no decisive
advantage due to the usage of smaller wall
thicknesses of composite or sandwich con-
struction concepts. The reinforced concrete
and prestressed concrete is chosen for the
design of the large-scale mono bucket foun-
dation concept.

The Institute of Concrete Construction
(IfMa) has designed a concrete suction
bucket foundation. Based on analytical
design concepts a basic geometry was de-
veloped under consideration of the mate-
rial properties and the structural behavior of
concrete structures. The top has been con-
structed as a combination of a domed and a
conical shape, which proved to be favorable
for the load transfer. Due to the construction
principals of concrete structures the skirt of
the concrete bucket is much thicker than of
a steel bucket. Investigations of the Institute
for Geotechnical Engineering (IGtH) have
shown that the installation is also feasible,
but the achievable penetration depth is
slightly lower than for a steel bucket.

In a secondary step the basic geometry was
examined in numerical investigations by
finite element software. The geometry was
optimized under consideration of ultimate
and serviceability limit states (ULS and
SLS). The investigations have shown that
concrete suction buckets are a feasible alter-
native to steel buckets.

In September 2013, a screening workshop
was held to discuss the results of the con-
ducted research activities.

Summary

The goals and activities in the R&D project
“WindBucket” are described in this report.
The goal of the project is to assess the feasi-

bility of the suction bucket as a foundation
for offshore wind energy converters since
experiences in this field are still missing.
The investigations and the current state of
knowledge show that the suction bucket
foundation is feasible for German North
Sea conditions. Nevertheless the necessity
for further research is still evident.
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Introduction

Most of the German offshore wind farms
(OWFs) in North and Baltic Sea are located
in water depths larger than 30 m. With in-
creasing water depths latticed steel support
structures like tripods or jackets are installed
preferably.

The connection between foundation pile and
substructure is realized by a grouted joint.
The steel tube of the substructure is placed

Sleeve
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inside or outside of the driven steel pile and
the annulus is filled with high-performance
grout. This grouted connection is used to
compensate inclinations or eccentricities
from the installation process. Compared to
grouted connections in Monopile substruc-
tures, the grout annulus in grouted connec-
tions of latticed structures is relatively large.
As grouted connections in latticed support
structures are exposed to high cyclic actions
by wind and wave the fatigue design is the
main design driver. Due to deficiencies in
the design guidelines and in the knowledge
for grouted connections with large grout
thicknesses, a reliable and economic design
is difficult if not impossible. Influences of
material specific installation requirements
are currently not considered in established
offshore design standards.

Project Description

The research project GROWup focuses on
the design and installation of grouted con-
nections in lattice support structures. The
fatigue behaviour of tube-to-tube connec-
tions is investigated experimentally by us-
ing different large grout thicknesses, varied

grout materials and water in large-scale and
small-scale tests. Furthermore, pumping
techniques of different grout materials un-
der harsh offshore conditions are examined.
The combination of all aspects shall lead to
a holistic design approach.

Fatigue tests on axially loaded small- and
large-scale grouted connections. To investi-
gate a broad range of different filling ma-
terials, various loading parameters and the
effect of water small-scale grouted connec-
tion specimens are used (cf. Fig. 1). These
small-scale test specimens being equipped
with shear keys were used for static tests to
determine the ultimate load capacity FULS.
Considering this static capacity fatigue tests
with axial pulsating compression load sce-
nario are performed under two different am-
bient conditions; a dry and a wet environ-
ment. In Figure 1 results for the small-scale
test specimens are presented, which show
that the specimen being fully submerged in
a water basin during testing provides a re-
duced number of endurable load cycles un-
til failure compared to the specimen tested
under dry conditions. Further results are
presented in [1].
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Figure 1: Small-scale test specimen (left) and fatigue test results under dry and wet conditions (right)
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In order to quantify the effect of large grout
thicknesses to the fatigue behaviour of axi-
ally loaded connections large-scale grouted
connection tests are conducted. With refer-
ence to real jacket and tripod dimensions
two test specimens were established in a
scale of ~1:2 und ~1:4. The grout layer
thickness of test specimen no. 1 is ~80 mm,
whereas test specimen no. 2 has a grout lay-
er thickness of ~180mm. The test specimens
are equipped with 5 shear keys and filled
with two different grout materials.

The test program consists of different load
levels revealing a progressive increase of
the maximum load and including a fully
reversal loading (R=-1) followed by a
pulsating-compression loading (R=). The
maximum compression load for the reversal
loading is a tension force of 3 MN with an
amplitude of 3 MN, whereas the maximum
applied compression force is -8 MN during
the pulsating compression loading with an
amplitude of 4 MN. As all test specimens
are exposed to the same test program, the
test specimen no. 2 with the same filling
material, but with a larger grout thickness
of ~180 mm was loaded in a range of 11%
to 90% of the static capacity. Fig. 2 depicts
the test specimen installed in the testing fa-
cility. The opened test specimen no. 1 and
2 showed crossing compression strut cracks
caused by tension and compression loads. In
addition to these cracks a wedge of crushed
grout appears on the load averted side of
the pile shear keys. Hence, both specimen

Load
application

Test specimen in
testing factility
Figure 2:

Large scale test specimen in testing facility

revealed a grout matrix failure. Further in-
vestigations and results are presented in [1]
and [2].

Pumping Tests. Small and large-scale filling
tests are performed in the laboratory. The
laboratory testing facility for these filling
tests was developed and tested as reported
in [3]. First results of the filling tests are
presented in [4]. These results show a nega-
tive influence to the compressive strength of
the grout due to the water in the formwork.
As a result, the large-scale testing facility
was sealed. Fig. 3 shows the testing facility
without the front formwork panels after fill-
ing untilted (left) and tilted (right) to slice
the wall for evaluating occurred sedimen-
tations and to drill cores for evaluating the
compressive strength. The first filling test
shows that a completed filling of the form-
work is possible without large defects in the
grout structure. The test was performed with
three different grout materials usually used
in offshore applications.

Summary

The BMWi-research project GROWup fo-
cuses on the design and installation of grout-
ed connections with large grout thickness in
latticed support structures. The fatigue tests
of the grouted connections showed first ef-
fects induced by the large grout annulus
and the fatigue behaviour in wet conditions.
Furthermore, the pumping tests demon-
strated the behaviour of the material being
exposed to different circumstances.

Figure 3: Large scale test facility for filling test:
hardened grout test specimen (left), tilted and
sliced test specimen (right).
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Introduction

Current substructures of offshore wind
turbines (OWT) are typically built as steel
structures. Compared to steel structures,
concrete constructions offer advantages in
terms of manufacturing and maintenance
costs as well as durability. Therefore, the
research project "HyConCast - Hybrid sub-
structure of high strength concrete and duc-
tile iron castings for offshore wind turbines"
deals with the development of a novel, hy-
brid substructure for offshore wind turbines
for water depth up to 50 m and outputs of
>6 MW.

The overall objective of this project is to
assess the feasibility and applicability as
well as to investigate the necessary basics
for planning, design and construction of a
hybrid substructure. Transport and installa-
tion concepts will be developed, the risk of

scour on the seabed will be analyzed and the
structural behavior of the installed compo-
nents and connections will be investigated.

Project Description

The research project is funded by the Fed-
eral Ministry of Economic Affairs and En-
ergy. Several institutes of the Leibniz Uni-
versitdt Hannover, several companies and
engineering consultants are involved.

The innovative concept of the novel, hybrid
substructure bases on combination of large-
sized, thin-walled ductile iron casting knots
with high-strength, lightweight precast con-
crete pipes. The relevant design objective
is a construction optimally exploit to the
properties of the used materials. To ensure
high cost efficiency the entire process chain
is account from the production of individual
components through the inland transport,
pre-assembly, the offshore transport, instal-
lation, completion up to the operation of the
finished support structure.

Used materials

The mechanical properties of ductile iron, a
nodular graphite cast iron material, are simi-
lar to steel. However, a significant improve-
ment of this material is the manufacturabil-
ity and increased corrosion resistance. This
material provides large-scale knot structures
with wall thicknesses according to the flow
of forces and deliver higher fatigue resistance
than large scale welded steel components.

The mainly claimed to multi-axial bend-
ing knots are connected with low-cost,
thin walled concrete precast pipes. In order
to their required load bearing capacity the
piles are made of high strength (HPC) or
ultra-high strength concrete (UHPC) in less
stressed areas of the structure. Filled up with
normal-strength mass concrete the pipes are
maneuvered to its final position, aligned lo-
cally and finally lowered.

These knots of ductile iron can be produced
in Germany as well as the high strength
precast concrete pipes in excellent quality
and with own resources in large quantities.
Thus, they have an excellent potential for
OWT.

Project course

To achieve the objectives the research pro-
ject is divided in three work packages

(fig. 1: Process diagram).

In the first work package the project partners
use their expertise to develop a substructure.
The aim is to define the conditions that af-
fect the design of the hybrid substructure in
terms of serial production, economy, flex-
ible use and stability. The results of the in-
dividual works are collected on the screen-
ing workshop and compiled in an optimized
version, called base construction (fig. 2) for
the following work packages.

In the second work package numerical load
simulations and structural studies are car-
ried out on the base structure. Experimental
investigations of some small scale test spec-
imen lead to better specifications within the
structural design.

In the third work package the examinations
concentrate on special areas of the base con-
struction and in particular on their connec-
tion elements. For these parts numerical and
experimental investigations are planned. In
addition to the numeric investigations large-
scale experiments will be performed.

Summary

The objective of this research project is to
develop a novel, hybrid substructure. While
the first work package is already completed
a base structure was determinded. With the
progress of this project more results will fol-
low and will be presented.
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Introduction

Current foundations for offshore wind tur-
bines (OWT) are typically built as steel
structures. Compared to a steel design,
concrete constructions offer advantages in
terms of manufacturing and maintenance
costs as well as durability. This can be
verified by the history of civil engineering
structures. For example bridges and tanks
are initially built as steel constructions and
now mainly built as reinforced and partially
prestressed concrete constructions. Even in
established offshore areas (e. g. oil and gas
rigs) this trend can been observed, in par-
ticular with increasing system sizes.

For OWT the fatigue resistance is of great
importance. Combined stresses by wind,
waves and dynamic structural behavior
causes load cycles up to 109. There are no
reliable findings on material and structural
behavior for this high number of load cy-
cles, especially for concrete under water.
The uncertainty in determining the fatigue

resistance significantly affects the economic
application of concrete foundation struc-
tures for OWT.

Project Description

The collaborative research project ProBeton
is funded by the German Federal Ministry
for the Environment, Nature Conservation,
Building and Nuclear Safety (BMUB). In
this project the focus lays on the fatigue
behavior of large concrete foundation struc-
tures for OWT. Within ProBeton, typical
fatigue loaded construction details like shell
connections, changing cross sections and
transition structures are investigated.

For the first time large-scale experimental
tests and also small-scale tests under off-
shore-specific conditions are used to inves-
tigate the high cycle fatigue bearing capac-
ity. The experimental tests are accompanied
by intensively numerical simulations.

A realistic, experimentally verified descrip-
tion of the fatigue behavior of concrete
structures for OWT provides two major ad-
vantages:

® Concrete foundation structures can be
produced much cheaper and more ef-
ficient. In deeper water they also occur
in competition with conventional steel
structures.

® The residual lifespan of existing concrete
support structures of wind turbines can
be fundamentally re-evaluated. Numeri-
cal studies on a gravity foundation, which
take into account the redistribution of
stresses in the concrete, indicate a mul-
tiple of the current design life, cf. [1]. A
power production would be possible long
beyond the previously defined life time
for numerous OWT in the North and Bal-
tic Sea. Existing support structures can

Offshore Wind Turbines

also be used for repowering. For exam-
ple, existing foundation structures, which
make up at least 30% of the installation
costs, are used for a more powerful tur-
bine.

A drastic reduction of electricity production
costs would be possible for planned and ex-
isting offshore wind farms.

Fatigue behavior of concrete under off-
shore-specific conditions

A special test rig was built to investigate
the influence of different environmental
conditions on the fatigue behavior of con-
crete, cf. fig. 1.

In this test rig small-scale test specimens
are tested dry, wet and alternating wet/dry
with respect to their fatigue behavior. Due to
these experimental tests, SN curves should
be derived for high strength concrete under
offshore-specific conditions. Furthermore,
the influence of fatigue-related damage on
the chloride migration is analyzed.

Experimental component tests

A swinging system is constructed to en-
sure large stress ranges with high fre-
quencies in large-scale experimental tests.
Two unbalance exciters generate dynamic
loadings with a frequency nearby the first
eigenfrequency of the specimen within
the swinging system. In this way, it is pos-
sible to investigate even large structural
parts or sections effectively in respect to
their fatigue behavior. In this process test
frequencies up to 25 Hz are possible. The
specimens are prepared with strain gaug-
es. These sensors are used to measure the
strains and for the controlling of the un-
balance exciters via inverters. Using pre-
tensioned springs, a basic stress can be ap-
plied in the test specimen, cf. fig. 2.
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Figure 1: Under water test rig (Foto © Institute of Building

Materials Science)

Figure 2: Swinging test l
specimen (© Institute of
Concrete Construction)

In this way different stress levels can be
implemented in the investigations. In a
previous numerical investigation the most
fatigue sensitive areas, the geometry of the
test specimen and the arrangement of the
measurement sensors are detected.

<T'r

Numeric structural investigations

The obtained knowledge of the experimental
tests be used directly within the numerical
investigations. They are performed initially
on a design of a heavyweight foundation.
A realistic damage model has to be found

and implemented in numerical simulations
and be validated by the results of the experi-
mental investigations of the fatigue behav-
ior. By adaptive changes in the geometry
and dimensions fatigue sensitive areas shall
be avoide and uniform stress distributions
through the cross-sections are achieved. In
addition, the numerical and experimental in-
vestigations will be included in the develop-
ment of an alternative, resolved foundation
structure made of high-strength concrete.

Summary

Based on previous numerical investiga-
tions on wind turbines [2] and small scale
experimental tests on high strength concrete
specimen [3], this project investigate the
fatigue behavior of real structural parts or
sections and the influence of environmental
conditions (water, chlorides). The findings
should be used to optimize concrete founda-
tion structures. The objective target of this
project is to describe the fatigue behavior of
concrete foundations more realistic and to
ensure the economical use of concrete in the
field of offshore wind energy.
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Introduction

Goal of the comprehensive project GI-
GAWIND life is the enhancement of the
economic dimensioning concept for off-
shore wind turbine support structures that
has been developed in GIGAWIND al-
pha ventus by consideration of long-time
operation[1]. There are both degradation
mechanisms on the resistance side of the
environmental surrounded support structure
(damages of structure and welds, fatigue,
damages of corrosion protection systems,
scour, degradation of pile support behavior)
and the determination of acting loads from
waves and marine growth, which interact
with the support structure. The wanted data

of damage and stress at the interfaces will
be obtained over a longer timeframe from
measurements in the offshore test site alpha
ventus by usage of the hitherto developed
monitoring methods. This is the require-
ment to get a scientific perception from the
previous investments and to make validated
methods and structural models available,
which are based on world-wide unique
long-time measurements for single studies
as well as for holistic offshore support struc-
ture design concepts.

Project Description

The following research projects are part of

GIGAWIND life:

¢ Validated methods and structural mod-
els for a holistic and economic design of
offshore wind turbine support structures
(Leibniz Universitit Hannover, FKZ
0325575A)

® Condition evaluation and prediction for
offshore wind turbines based on meas-
urement data (Fraunhofer Gesellschaft)

* Automated lifetime estimation for tripod
support structures considering real loads
(Areva Wind GmbH)

Fig. 1 shows the different subprojects.

Subproject 1: Data Management and
Analysis

Up to now, challenges in the field of analy-
sis or monitoring of supporting structures
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Figure 1: Overview of subprojects in
GIGAWIND life

are typically planned and realized as iso-
lated applications. This is time-consuming
and normally implies a poor reproducibility
and an inadequate data security. Hence, an
all-purpose system without the mentioned
drawbacks and applicable by persons with
little programming skills shall be devel-
oped. In this context it is also planned to
extend the modeling and simulation tool
OneWind by functions for communication
with the data management system and for
data processing. Thereby, a comparison to
simulation data and the validation of nu-
merical results will be possible.

Subproject 2: Monitoring and Inspection
Based on long-term measurements in alpha
ventus appropriate methods are to be devel-
oped, capable of identifying condition pa-
rameters, damages and loads and to analyze
their long-term variation in time. Thereby,
essential contributions to the further devel-
opment of structural models, models for
loads, joints (e.g. grouted joints) or corro-
sion protection systems will be expected.
Results from adapted scale tests, performed
in TP4, are also needed to prove the appli-
cability and sensitivity of SHM-methods on
the basis of realistic damage scenarios. The
overall goal of TP2 is to bring knowledge
both from improved modeling concepts and
sensitive methods for damage detection into
practical application and to optimize inspec-
tion concepts and time intervals as a basis
for the determination of remaining lifetime
of wind turbines.

Subproject 3: Degradation Models

This subproject will provide information
and approaches to estimate the remaining
lifetime, which exceeds service life. To this
end, degradation models including new ma-
terial properties such as three-dimensional
stress state or stiffness reduction due to
degradation have to be developed. By im-
plementing these models into existing nu-
merical codes and the subsequent validation
with measuring data from alpha ventus[2]
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Figure 2: Realistic load scenarios from North Sea typical sea state and marine cover

and from adapted scale tests helps to gener-
ate knowledge to enable an overall consid-
eration of different limit states (ULS, SLS,
fatigue) for offshore wind turbines.

Subproject 4: Adapted Scale Tests

Based on boundary conditions gained from
in-situ measurements [3], adapted scale tests
serve to optimize mathematical models with
respect to realistic environmental conditions
of the German North Sea. The overall goal
is to meet the requirements of economical
serial production. The subproject therefore
aims at analyzing the dynamic behavior of
the supporting structure and of single com-
ponents by taking into account the influence
of scour and marine cover (see Fig. 2) for a
more realistic load scenario as well as stift-
ness degradation and changes in the cyclic
load bearing behavior of piles.

With the application of combined loads in
laboratory tests together with the investi-
gation of pre-damaged specimen, a more
detailed modeling of corrosion protection
systems is to be expected.

Subproject 5: Method and Model
Integration

The framework of integrated modeling of
oftshore wind turbines, taking into account
relevant degradation processes, offers the
possibility to simulate in detail the dy-
namic load bearing behavior over lifetime.
OWTs are designed with aero-hydro- ser-
vo-elastic simulation tools taking into ac-
count many subsystems and interaction as
shown in Fig. 3. Special focus is on the di-
mensioning of the supporting structure with
regard to fatigue, which is often the decisive
load case[4]. The measuring data from »al-
pha ventus« offer an optimum base for the
further development of methods and for
the validation and calibration of integrated

model approaches. Finally the new devel-
oped numerical tools for the fully coupled
simulation of offshore wind turbines have
the potential to identify load reserves, which
can lead to a longer lifetime of the turbines,
significantly exceeding service life.

- —

Summary

Since all subprojects are more or less based
on the evaluation of large data sets, during
the first period in 2013, research in nearly
all work packages has been concentrat-
ing on the implementation and testing of
automated routines for the pre-processing
of data. In this context all work packages
gathered and defined their requirements re-
lated to subproject 1. In subproject 1 the au-
tomatic import of measuring data has been
implemented and a concept for a relational
user database has been developed.
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Figure 3: Substructures and interactions in complex models of offshore wind turbines —

Source: Wojciech Popko
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Introduction

Offshore renewable energy technologies
such as wave energy, tidal current and off-
shore wind energy are emerging technolo-
gies with considerable perspectives for fu-
ture renewable energy supply. Along the
developing path to commercialization these
technologies require research to be under-
taken at a series of different scales from
small-scale models and laboratory inves-
tigations 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
improvement 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 Europe-
an Commission (EC) (Grant agreement no.:
262552), brings together European marine
renewable energy test centres in order to ad-
vance marine renewables research and de-
velopment at all scales. In total 28 partners
across 11 EU countries and Brazil are work-
ing together in order to elaborate standard-
ized test procedures, perform joint research
activities and provide free-of-charge inter-
national access to high class marine test-
ing facilities for qualified companies and
research groups. Even though the marine
renewable technologies wave, tidal current
and offshore wind energy are all at differ-
ent stages of development, each technology
needs specific research infrastructures to fa-
cilitate and catalyze commercialisation. The
aim of the project is therefore to streamline
testing procedures for each technology and
linking together testing facilities at differ-
ent scales. In order to avoid research du-
plication and facilitate knowledge transfer,
communication and coordination between
organisations is improved, leading to a
faster development. Furthermore, within the
framework of a transnational access pro-
gram, the EC funding enables companies
and research groups from outside the con-
sortium 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 to-
gether with the Coastal Research Centre
(Forschungszentrum Kiiste — 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 en-
ergy conversion systems. Nevertheless, the
infrastructure network provides an excel-
lent opportunity to expand existing know-
how in the field of offshore wind energy by
knowledge on other maritime technologies
on an international level.

In the framework of international network-
ing activities the ForWind group coordi-
nates the subtask on standardisation of
offshore wind energy testing practices. In
a collaboration of six distinguished Euro-
pean 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 pro-
cessing methods as well as for the develop-
ment of scaling factors in order to quantify
the full scale offshore performance. With
their wide experience in investigations on
the full range of structural components and
decisive design aspects of offshore wind
turbine support structures, the involved For-
Wind institutes have elaborated recommen-
dations for experimental testing procedures.
The work covers the development of experi-
mental testing concepts for foundations un-

Prototype of the
Measurement System

Switchable
Magnets

der cyclic loading, investigations on scour
and scour protection as well as fatigue test-
ing of structural details like bolted joints in
offshore wind turbines. Among others, spe-
cific attention is directed to the construction
of physical models, adoptable instrumenta-
tion and data analysis methodology.

In addition to standardisation procedures,
the ForWind group is involved in experi-
mental research activities performed jointly
with other project partners. In this context
experimental investigations are realized in
testing facilities in Hannover under respon-
sibility of the involved ForWind institutes.
The experiments are planned with the aim
to provide further insights in the subjects
of displacement measurement systems be-
tween pile and sleeve of grouted joints (cf.
Figure 1) as well as global structural-health-
monitoring methods (SHM) based on accel-
eration measurements.

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 was given to a real-
istic mass and stiffness distribution, to the

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

application of specific damages for valida-
tion of the SHM approach and to the appli-
cation of a down-scaled displacement meas-
uring system for grouted joints. In a first
experimental phase investigations are car-
ried out in the laboratory under well defined
boundary conditions. During the second
stage the model is placed in a wave channel
for validation of methods and measurement
systems under more realistic boundary con-
ditions, cf. [2].

Summary

To improve the technical development
process of marine renewable energy tech-
nologies, 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 con-
tribute 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

Due to their bad accessibility in the open sea,
visual inspections of offshore wind energy
converters (OWECs) cause tremendous ef-
forts for maintenance of the OWECs. To re-
duce this big effort global structural health
monitoring (SHM) systems became part of
maintenance strategy of OWEC operating
companies. Furthermore, health monitoring
is a powerful tool for predictions concerning
the actual state and the remaining life time
of OWECs. In doing so, it can increase the
profitability of wind energy significantly.

Project Description

Vibration based monitoring is one of the few
methods, that is able to determine a struc-
ture’s damage on a global scale. In his thesis
[3], Rytter introduces four levels for damage
identification (Determination of damage ex-
istence, determination of damage location,
quantification of damage, prediction of re-
maining service life). As stated by [1], vi-
bration based global damage identification
methods provide level 1 and level 2 damage
identification. According to [2], measure-
ment of damage hot spots is useful to make
a statement about damage quantification
(Level 3 damage identification). However,
this statement is only valid for relatively

small locations where it is measured, which
is in contrast to the motivation of collecting
damage information of the whole structure.
A combination of global SHM methods with
monitoring of local hot spots is a new prom-
ising approach of a holistic SHM system. To
examine and test coupled local-global SHM
approaches a scaled model was build. The
design of the model is referring to a typical
OWEC tripile substructure (see Fig. 1).

The blades and the turbine are simplified
by an extra mass applied to the top of the
tower. To verify and validate local-global
SHM approaches, a possibility to vary the
stiffness of local structural components was
integrated. To achieve replaceability, struc-
tural components with two head plate joints
are implemented into the model. By local
stiffness modification at point A (see Figure
2) structural damage is simulated. The con-
struction details are shown in Fig. 2.

The bottom of the model is attached to a
steel plate and bolted to the floor. The load
impulse is initiated by a sudden release of a
defined head deflection. Acceleration meas-
urements allocated at three height levels of
the tower and at the substructure are used as
input parameters for the global SHM analy-
ses. For the local analyses absolute as well
as relative displacement data is used. The
sensor positions are shown in Figure 1. Test
data is recorded in 60 sec duration after load
impulse and measuring rate is set to 400 Hz.

The absolute displacements are recorded by
laser sensors that are attached to a stand and
are adjusted to point at abutments fixed to
the model. The relative displacement is re-
corded by a laser sensor that is attached to
the model itself.

The coloured arrows in Figure 2 illustrate
the arrangement of the laser sensors. Repre-
sentative measurement data from a prelimi-
nary tentative test of the local displacement
sensors have been successfully evaluated. A

Figure 1:

. Global monitoring

< Local monitoring

Model and sensor positions
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practical implementation of such a measur-
ing task was performed in GIGAWIND al-
pha ventus and is documented in [4].

System identification is performed using
stochastic subspace identification of the ac-
celeration signals. The algorithms used are
described in detail [5]. The modal param-

eters extracted by stochastic subspace iden-
tification will be used for model updating in
further works. Model updating means to fit
a numerical model to measured responses
of the structure. A numerical model of the
structural model will be upset and aligned to
the measured modal parameters iteratively.
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Figure 2: Construction detail of the model

Summary

With information of such a coupled SHM
system there is a better understanding of the
actual state of an OWEC. With measure-
ment data of damage hot spots in combina-
tion with global measurements secure state-
ment concerning structural damages of the
OWEC can be given. With an SHM system
which is able to identify structural damages
securely the operator is able to extend the
OWEC’s expected life time. The OWEC
can then be operated until severe damages
occur. This life time extension leads to a
higher economic efficiency of the OWEC.
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Introduction

The reduction of noise emission of wind
energy converters (WECs) is important
to support the acceptance of WECs and to
fulfill noise regulations when exploiting
new sites. The most considerable source of
the noise is the flow-induced noise, i.e. the
leading and trailing edge noise. The goal of
the project INFLOW-Noise is to examine
these noise sources on a WEC airfoil in tur-
bulent flow. In cooperation with the Fraun-

INFLOW-Noise

hofer IWES, the Institute of Aerodynamics
and Gas Dynamics (IAG) of the University
of Stuttgart, the Institute for Technical and
Applied Physics (itap) and GE Wind En-
ergy, the topic is scrutinized using aero-
acoustic simulations that are validated by
wind tunnel experiments. ForWind is in
charge of the experimental validation of
the simulation results. The experiments are
carried out in the wind tunnel of the Uni-
versity of Oldenburg using an airfoil that
is equipped with different sensors and an
external directional microphone array.

Project Description

Focusing on the applicability to wind en-
ergy, we carry out all experiments in turbu-
lent flows with atmospheric-like nature, i.e.
the existence of vortices of different sizes
as well as a characteristic probabilistic
distribution of such structures that results
in turbulence with so-called multi-scale
properties. For the creation of such flows, a
fractal grid is used in the experiment. This
special grid generates flow structures with
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Figure 1: One-third octave frequency spectrum of the final setup
with airfoil (continuous) in comparison with the one-third octave
frequency spectrum of the final setup without airfoil (dash) at a

flow velocity of 50 m/s.

the above-mentioned multi-scale behavior.
To be able to use these wind tunnel ex-
periments for the validation of simulation
results, the leading and trailing edge noise
of the airfoil have to be decomposed from
the background sound pressure level gen-
erated by the fractal grid. Therefore, the
setup was first optimized with regard to the
background sound pressure level and then
characterized in terms of the acoustic prop-
erties as well as the flow properties. For
the acoustic characterization, the sound
pressure level of the wind was acquired
with a single microphone by our project
partner itap. Two situations have been ex-
amined: a) wind tunnel with fractal grid
and b) wind tunnel with fractal grid and
airfoil (AoA=7°) both at a flow velocity of
50m/s. The result of these tests is shown in
fig. 1. The leading and trailing edge noise
are clearly separable from the background
noise. To describe the flow properties, ve-
locity measurements were carried out with
a hot wire anemometer in a volume that
measures 100cm x 67cm x 130cm behind
the wind tunnel nozzle. The volume was
scanned in 10cm x 10cm x 10cm steps

Increment PDF at 110cm distance (v=4T7,72 mis)
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Figure 2: p(dv(7)) at foil position at 47.72 m/s for
different time scales t (grey) in comparison with a
Gaussian distribution (blue)
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while no airfoil was mounted. Investiga-
tion of the flow data shows the existence
of atmospheric-like properties in the flow:
The multi-scale properties of the generated
flows are identified by analyzing the prob-
ability density function of velocity incre-
ments of the fluctuations (increment PDF).
The velocity increment is the difference of
two velocity data points with an arbitrary
time interval in a time series [1].

In fig. 2, the increment PDFs of the flow
at airfoil position are plotted for different
time scales in comparison with a Gaussian
distribution. The more frequent occurrence
of large velocity fluctuations in the meas-
ured flow compared with those predicted
by a Gaussian distribution can clearly be
seen and is characteristic for atmospheric
flows. High-frequent pressure fluctuations
on the surface of the airfoil are considered
to be the main source of the noise. To cap-
ture these transient pressure fluctuations,
microphones that are capable of measur-
ing high-frequent pressure fluctuations are
mounted in a special pattern in the surface
of the profile. Measurements were carried
out with the profile for different angles of
attack in both laminar and turbulent flows.
To analyze the fluctuations captured with
the microphones, the cross-correlations
of sensor pairs are investigated. Fig. 3 b)
shows the cross-correlation of microphones

El]l Sketch of Sensor Positions b}

0.8

06

cross-cormelation
[i]

that are aligned in flow direction (for a
sketch of the positions, see figure 3 a)). It
can be seen that both cross-correlations are
of similar shape except for the shifted max-
imum, which indicates that the time series
measured by the sensors are similar with
regard to structures like vortices hitting the
profile and passing over it. The time lag of
the maxima equals the distance of the sen-
sors (cf. fig. 3 a)).

To localize noise sources on the profile,
measurements with a directional micro-
phone array provided by the itap were tak-
en. One result is shown in fig. 4, where the
profile was mounted with an angle of attack
of 7° and the measurements were carried
out in turbulent flow with a velocity of 50
m/s. The sources of noise with a third octave
frequency of 800 Hz can clearly be identi-
fied are located at the leading edge of the
profile; they have a sound pressure level in
the range of 60dB — 65dB [2].

Summary

The setup was first optimized regarding
the reduction of the sound pressure level
within the wind tunnel. With this setup,
measurements of the leading and trail-
ing edge noise of an airfoil are possible
in the wake of a fractal grid. The multi-

Cross-Correlation of Micro 1 with Micro 2 und 4

T
|jl ® Micro 1 ve 2
W1 Mo 1 vs 4

Figure 3: a) Sketch of the positions of the microphones used for the calculation of the pre-
sented cross-correlations. b) Cross-correlation of datasets collected with sensors shown
in a): Cross-correlation of data of microphone 1 with data of microphone 2 (filled circles)
is compared to the cross-correlation of data of microphone 1 with data of microphone 4
(circles); the time lag of the maxima is marked red.

scale turbulence properties of the inflow
could be verified. For the examination of
the noise development along the profile
surface, measurements with a directional
microphone array were carried out at dif-
ferent angles of attack for different inflow
conditions. Additionally, the profile was
equipped with sensors to measure the pres-
sure fluctuations along the airfoil at high
temporal resolution.

Third Octave Frequency 800 Hz
==

T .
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=20uPa
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Figure 4: Visualization of the sources of
noise with a third octave frequency of
800 Hz on the airfoil in turbulent flow. The
sound pressure level of the sources can be
taken from the legend. The flow direction
is marked with a blue arrow and the flow
velocity was 50 m/s.
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Introduction

The reduction of noise emissions of wind
turbines is accompanied by an increasing
efficiency due to the optimized aerody-
namic geometry. The noise emission of
wind turbines leads 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 require-
ments and acceptance problems of wind
turbines in the population, acoustic emis-
sions are a significant issue for manufac-
turers. Turbulent flow is the main source
responsible for the noise emissions. They
act as an aerodynamic brake and signifi-
cantly reduce the potential energy yield.
Many wind turbines are planned with tech-
nical compromises favoring the reduction
of noise emission over power output. The
acoustic-aerodynamic optimization of ro-
tor blades could reduce these negative ef-
fects of the technical compromises and
increase the efficiency.

Project Description

The objective of the project was the devel-
opment of a combined measuring method
for the acoustic-aerodynamic optimiza-

tion 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.

Using the new combined measuring meth-
od, selective approaches for modifications
of the rotor blades can be developed.

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 emis-
sions 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 compara-
tively noisy. Because of the technological
development and the environmental policy
framework, the sizes of wind turbines are in-
creasing 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-
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 loca-
tions. Furthermore, planned wind parks
could be used more efficiently.

The flow tests within the project were con-
ducted at the acoustically optimized wind
tunnel of the Deutsche Wind Guard GmbH
in Bremerhaven [2]. Laminar air flows at
speeds of up to 360 km/h and high Reynolds
numbers can be generated in this wind tun-
nel. Different velocities up to 100 m/s and
positive as well as negative angles of attack
are adjusted to investigate all possible oper-
ating conditions of the rotor blade. The air
temperature in the wind tunnel is, due to ef-
fects of friction, higher than the temperature
of the airfoil-surface. Because of the en-
hanced exchange of energy by convection in
the region of turbulent flow, an increase of
the temperature compared to the region with
laminar flow can be detected by a thermo-
graphic measuring method [3]. Fig. 1 shows
the transition between laminar and turbulent
flow on the suction side of an airfoil.

t

Turbulence wedge

Figure 1: Transition between laminar and
turbulent flow on the suction side of an
airfoil

Microphone arrays for the acoustic meas-
urements enable a three-dimensional map-
ping of sound sources in a short measuring
time. The noise emissions on wind turbine
airfoils is caused by the interaction of up-
stream atmospheric turbulence with the
leading edge of the airfoil and by the inter-
action between a turbulent boundary layer
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Flgure 2: Results of an acoustic measurement at an airfoil

and the trailing edge of the airfoil (trailing
edge noise) [4,5]. Turbulent flow, passing
the trailing edge of an airfoil, is one of the
main airfoil self-noise mechanisms [6]. This
trailing edge noise can be tonal or broad-
band [5].

Fig. 2 shows acoustic measurements on an
airfoil evaluated with a standard beam form-
ing algorithm. Measured frequencies are be-
tween 2000 Hz and 10000 Hz.

The left side of the figure shows the results
for the untreated airfoil. The expected noise
sources are the vortex generators at 25%
chord on the top and on the bottom of the
airfoil. On the right sight the same airfoil
with an applied serration at the trailing edge
is shown.

Summary

Thermographic and aeroacoustic meas-
urements on airfoils in a wind tunnel pro-
vide additional information concerning
turbulent boundary transition and trailing
edge noise. The thermographic method for

turbulence boundary layer analysis can be
used to validate XFOIL and CFD simula-
tions in a wind tunnel test. The position
of the transition can be detected without
preparing the airfoil for surface pressure
measurements. In addition flow control
devices as vortex generators or zig zag
tape can be checked regarding the func-
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Introduction

The contact pattern analysis is important
because it shows whether or not the mutual
alignment of gear wheels is correct [1]. At
misaligned gear wheels, individual teeth
can break and destroy the complete gear,
resulting in high costs especially for wind
turbines.

Usually the “paste method” is applied to
inspect the gear wheel alignment [2]. This
method, however, has several disadvantag-
es: It often takes several hours to test a pair
of gear wheels and requires a considerable
amount of manual work. Furthermore, it
does not produce the contact pattern of two
individual gear teeth. This project investi-
gates a possible alternative method, which
is based on heating up individual gear teeth
surfaces by radiation energy, transferring a
part of this heat to the counter gear flanks
by meshing and detecting the transferred
heat of the second gear by thermography
[3]. The feasibility of this concept is ex-
amined using the Finite Elements Method
(FEM).

Project Description

The project required to find a software
strategy and a model-geometry compatible
with the capabilities of the available FEM-
Software (FlexPDE). Fig. 1 shows a model

geometry for a gearwheel tooth. The heat
sink represents the center of the wheel. The
meshing of two gear teeth was simulated
by two model geometries in contact with a
moving contact area (Fig. 2). The simulated
measurement process consists of four phas-
es (Fig. 3): In phase I one flank of tooth A is
heated up by laser radiation. Phase II: The
heat will propagate only within tooth A until
short before the contact begins. Up to this
point, tooth B is inactive and will remain at
ambient temperature. During Phase III the
heat transfer takes place by meshing of the
teeth, modeled by a moving heat transfer
zone. After the contact, a certain time will
pass until the contacted flank of tooth B
will be visible for an infrared camera. Dur-
ing this time, heat propagates in booth teeth
(Phase 1V). The simulated teeth flank area
was about 20 mm x 50 mm (height x width)
and the absorbed laser intensity about 106
Wm2. The phases required approximately
15.5 % (1), 7.7 % (II), 3.9 % (III) and 7.7 %
(IV) of one complete rotation (100 %). The
complete simulated measurement process is
illustrated by Fig. 4.

During phase 111, the moving contact zone
"paints" heat onto the flank of tooth B, the
whole "painted" area should represent the
desired contact pattern. It is obvious that the
visibility of the contact pattern on a thermo-
graphic image will improve the more heat
is transferred. On the other hand, the heat
propagation in phase IV will wash out the
pattern and reduce the contrast.

Several FEM-calculations were performed
to analyze these effects. Fig. 5 shows four
thermographic images calculated for dif-
ferent rotation times (a: 2.57 s, b: 5.14 s, c:
12.85 s, d: 25.7 s) (note: within each image,
the area left of the broken line belongs to the
tooth flank, the area on the right belongs to
the heat sink; the contact patterns are illus-
trated by a rectangle). Increasing the rota-
tion time means that more time is available
for heating up tooth A and transferring heat
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Figure 1: Model geometry of a tooth with
a heat sink which presents the center of
the gear wheel
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Figure 2: Simulation of the heat transfer
during the meshing of two teeth
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Figure 5: Calculated thermographic images for different

rotation times

to tooth B, hence the temperatures on the
flank of tooth B increase, too. The tem-
perature increase within the contact pattern
in Fig. 5 a (30 mK to 110 mK) should be
enough to be detected by modern infrared
cameras. More temperature increase is ob-
served in Figures 5 b to 5 d. However, the
heat propagation causes the heated area to
become much larger than the contact area.
Another parameter that influences the
amount of transferred heat is the size of the
present contact area, which depends on the
tooth geometry, hardness and pressure be-
tween the teeth flanks. In Fig. 6, the width
of the present contact area in x-direction is
varied (a: 0.4 mm, b: 0.8 mm, c¢: 1.75 mm,
d: 3.5 mm) at a rotation time of 5.14 sec-
onds. The present contact area is illustrated
by a smaller rectangle within the contact
pattern area. It shows that a larger contact
area obviously does not significantly re-
duce the contrast of the thermographic im-
ages, but increases the temperature and by
this improves the detectability of the con-
tact pattern.

The research project is still in progress,
the influence of further parameters will be

a} | Tmax = 0,04 K

by | Tmax = 0.079 K

Figure 6: Calculated thermographic images for different

widths in x-direction of the present contact area

examined. In addition, calculations using
artificial neural networks will be applied in
order to attempt to reconstruct the contact
pattern from washed-out thermographic im-
ages (see Fig. 5d).

Summary

The project investigates a laser based
thermographic approach as a new method
for the contact pattern analysis of gear
wheels. A model geometry and a soft-
ware strategy were created and parameter
study was performed using commercial
FEM software. It showes that the amount
of heat that can be transferred from one
to another tooth flank is sufficient for a
thermographic detection and that the im-
age contrast is high if the time between
contact and detection is short. The results
are encouraging and prove that the new
method has the potential to add a new in-
spection method for the alignment of gear
wheels.
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Introduction

The rated power of a wind turbine is pro-
portional to the rotor diameter. Over the
last 30 years, commercial wind turbines
have evolved from approximately 10m ro-
tor diameter and a rated power of 50 kW,
into today’s multi-megawatt class with ro-
tor diameters exceeding 150m and rated
power of well above 6MW. This devel-
opment has produced light, slender, and
flexible structures, for which the aeroe-
lastic turbine characteristics have become
increasingly important to fatigue strength
and overall performance. Sophisticated de-
sign tools, which have been calibrated and
validated against experimental data, are
needed in order to optimize energy produc-
tion, to ensure a long life time, low mainte-
nance costs, and high operational reliabil-
ity and safety. However, experimental data
from full-scale wind turbines often focuses
on the integral moments and forces cap-
tured during certification measurements.
Detailed blade deformation measurements
are rare and quite hard to gather because of
the large scales involved. Recent advances
in digital camera technology have made
optical techniques an interesting and prom-

ising tool for small-scale and full-scale
wind-turbine testing. The present project
will demonstrate the capabilities of Digital
Image Correlation (DIC) for measuring 3D
rotor blade deformations and vibrations on
a multi-megawatt class wind turbine dur-
ing operation and quantify the accuracy of
the optical technique.

Project Description

The project is subdivided into two major
parts. The first project phase consists of pre-
liminary 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 pic-
ture of the test bench inside the laboratory.
Deflection of the blades is achieved by ex-
ternal actuation. The focus is on the flapwise
and torsion mode of the rotor blades. One
blade of the model turbine is instrumented
with resistance strain gauges to validate the
results obtained by DIC measurements. The
key elements for the first stage of the project
are:

* dynamic deformation measurement in a
rotating system
» modal analysis and system identification

with DIC on a wind turbine model test
bench. Another crucial part during the first
phase of the project is the simulation of the
field experiment. This part requires a full
scale wind turbine to be modeled inside a
3D modeling software. By applying tex-
tures of a random dot pattern on the pres-
sure side of the modeled rotor blades, the
synthetically generated picture of the wind
turbine can be evaluated using DIC. After
evaluation with DIC, 3D point clouds (ap-
proximately 10,000 data points) are avail-
able for each area. However, DIC is not

limited small areas. Covering an entire rotor
with a random black-and-white speckle pat-
tern is definitely possible if the entire rotor
is of interest.

Based on the knowledge and experience
gained during the first phase of the project,
the new optical measurement 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 pat-
tern on one of the rotor blades. The objec-
tive 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 rota-
tion of the rotor. All operational parameters
of the wind turbine will be recorded and
synchronized with the DIC measurements.
In order to measure the incoming turbulent
wind field in front of the rotor, a LIDAR sys-
tem (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 ap-
plication on wind turbines. As soon as feasi-
bility has been demonstrated and results are
validated, the technique can provide better
insight in the interaction of incoming turbu-
lent wind and blade deflection/deformation.
The results obtained from DIC can provide
a basis for validation and improvement of
numerical models. Other scenarios of ap-
plication are also imaginable. For example,
condition monitoring during operation can
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save a lot of money when failures caused
by material fatigue are detected in an early
stage.

This project is currently reaching the end of
the second project phase. The proof of prin-
ciple study on a 3.2 MW wind turbine was
successfully completed in 11/2013. With
the new optical measurement system it is
possible to continuously track rotor blade

deformations for up to 15 minutes with a

sampling frequency of 30 Hz. The error es-
timation for the field test on a 3.2 MW wind
turbine suggests that relative out-of-plane
bending of the rotor blades can be meas-
ured with an accuracy of £9.1 mm, relative
in-plane bending of the rotor blades can be
measured with an accuracy of +£10.2 mm,
and relative blade torsion can be measured
with an accuracy of +£0.07 deg. Three more
field tests on even larger wind turbines are
scheduled for the near future.

Figure 1: Field test for measuring rotor blade deformations with new optical

measurement system

Figure 2: One of two measurement setups for stereo photogrammetry measurements
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Introduction

The described method for thermographic
boundary layer visualization of wind tur-
bine rotor blades in operation uses a ther-
mographic measurement system, which
detects the temperature distribution on the
rotor blade surface. In operational mode
the boundary layer near the leading edge
is laminar. At some point on the profile it
turns into a turbulent boundary layer. This
point is called laminar-turbulent transition

(Fig. 1).

The turbulence boundary layer analysis
with a thermographic system is based on
the heat exchange by convection, conduc-
tion and radiation between the rotor blade
and the surrounding flow. The surface tem-
perature is influenced by a variety of pa-
rameters and can be correlated to the air
flow. The method can either be used in a
wind tunnel, or at a running wind turbine,
or in any system in which a flow induced
surface temperature gradient is present.
Former measurements at the Deutsche
WindGuard’s aeroacoustic wind tunnel
in Bremerhaven, Germany, show a good
agreement with simulation data [1].

Comparing design and operational transi-
tion locations can help turbine manufactur-
ers improve their performance prediction
models and better understand the differenc-
es in performance between similar turbines.

Figure 1: Boundary layer on a rotor blade profile (Computational Fluid Dynamics

Simulation)

Project Description

Knowing the position of the transition be-
tween laminar and turbulent flow can be
used in the design of new rotor blades [2]
and in flow control by flow control add-ons
(e.g. vortex generators) [2, 3]. The location
of the transition has a direct effect on the
drag of a rotor blade. The turbulent bound-
ary layer located behind the transition is
associated with a higher skin friction than
the laminar boundary layer in front of the
transition. Approximately 10 % more lami-
nar flow region results in a 10 % lower drag-
coefficient.

In the case of wind turbines, best results are
obtained when the sun is heating the rotor
blade surface. Under these circumstances
the temperature on the laminar flow region
is higher than on the turbulent flow region.
Measuring the temperature distribution per-
mits detecting the boundary layer condition
on the rotor blade indirectly.

Rotor blade tip speeds of 75 m/s require fast
shutter speeds (short integration times) to
reduce motion blur. A high speed actively
cooled 640 x 512 pixels InSb-focal-plane-
array with a thermal resolution better than
0.025 K is used together with a telephoto
lens to acquire high resolution thermal im-
ages of rotor blades in operation. In this spe-
cific case, a 100 mm focal length telephoto
lens with a 2.0x extension was used (Fig. 2).

Due to the mobile thermographic system,
measurements can be performed at every
accessible position around the observed
wind turbine. The distance between wind
turbine and measurement position during
the measurements can be up to several hun-
dred meters. The position is only limited
by the off-road ability of the vehicle for the
power supply.

Measurements on running wind turbines
indicate a high potential for a flow visu-
alization during operation. The temperature
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gradient between laminar and turbulent flow
correlates with the temperature offset be-
tween the air temperature and the tempera-
ture on the rotor blades heated by the sun.
The laminar-turbulent transition and lami-
nar flow regions are visible on the resulting
images. The reduced field of view requires
stitching several images to obtain a single
image of one rotor blade.

Leading edge contamination and erosion,
resulting in turbulence wedges, can reduce
the extent of the laminar region or make it
disappear altogether. Turbulence wedges,
which begin at locations other than the lead-
ing edge region, are most probably imper-
fections or damages on the rotor blade sur-
face, and should be investigated.

Fig. 3 shows the thermographic images of
all blades of the Senvion 3.4M104 research
wind turbine. The measurements were taken
on the suction side in a distance of approxi-

mately 400 m. Additional result regarding
different turbines and wind shear effects can
be found in [4, 5].

Summary

Measurements provide information con-
cerning laminar-turbulent boundary layer
transition. The method, which requires no
preparation of the rotor blades, permits
verifying predictions and evaluating op-
erational conditions, such as areas with
an early laminar-turbulent transition due
to leading edge contamination, erosion,
manufacturing irregularities or the effects
of leading edge protection on the transi-
tion location. The laminar regions can be
additionally compared between blades
and blade positions, in order to further
analyze effects like wind shear and tower
influence. Missing flow control add-ons,
such as vortex generators or zig-zag tape
sections are also clearly noticeable.

Future investigations will concern the si-
multaneously measured geometry of the
rotor blade with respect to the pitch and
azimuth angles in relation to the measur-
ing position. Thus the laminar-turbulent
boundary transition location can be deter-

Figure 2: Thermographic imaging system with telephoto lens.
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Figure 3: Measurements on the research wind turbine Senvion 3.4M104 of
the University of Bremen. Suction side of all blades

mined locally (at every radial position)
with respect to the chord-wise position,
in order to deliver Xtr/c as a function of
r for all blades. It is planned to improve
the data acquisition and to develop image
processing algorithm for the automated
detection and documentation of the chord-
wise transition location, the percentage of
laminar flow, damages on the surface and
other aerodynamic irregularities.

Other potential applications include the
comparison of the transition location de-
pending on the inflow conditions (i.e. the
turbine operating behind another turbine),
and long term follow up to analyze soiling,
erosion and seasonal effects.
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Introduction

Nowadays, the majority of wind turbines
is installed in clusters of multiple turbines,
namely wind farms. Since the layout of a
wind farm is designed in order to achieve an
economical optimum, the spacing between
the turbines is finite, typically around 7 ro-
tor diameters [1], depending on the site. Due
to the changing wind directions, fluid me-
chanical interactions of the individual tur-
bines are inevitable. The flow behind a wind
turbine is called wake, which potentially
affects the performance of a turbine operat-
ing further downstream. Numerous studies
showed that wake effects significantly influ-
ence the performance of the complete wind
farm. Average power losses in large-scale
wind farms are of the order of 10-20% [2]. A
wake is characterized by a decreased wind
speed and increased turbulence intensity.
This results in complex inflow conditions
for further turbines, which is an important
field of study by itself, that is not yet fully
understood. Therefore, an improved under-
standing of wake effects and their impact
on individual turbines and wind farms is
of great importance for the optimization of
wind energy utilization.

Experimental investigations using model
wind turbines are comparatively cost ef-

ficient, allow precise tuning of boundary
conditions and enable the isolated study of
certain effects. Further, an experimental ap-
proach is important for verification of and
supplement to CFD simulations. Recently,
several institutes used model wind turbines
of different sizes and design to investigate
numerous effects [3,4].

Project Description

At ForWind Oldenburg, two identical model
wind turbines were built in order to study
wake effects and the impact of turbulent flow
on the rotor experimentally in wind tunnel
tests. Fig. 1 shows a photograph of the real-
ized model wind turbine. The turbines have
a rotor diameter of 0.58m and a hub height
of 0.45m on an aluminum tower. The three
rotor blades are based on the SD7003-airfoil
and were produced by a vacuum casting
method. The nacelle comprises a pitching
mechanism that allows a collective change
of the blade’s pitch angle. A stepper motor
equipped with an encoder is used for pre-
cise tuning and monitoring of pitch changes.
Further, the generator connected to the main
shaft features an encoder to measure the rota-
tional speed of the rotor. The electric circuit
comprises a field effect transistor (FET). By
applying an external voltage to the FET, the
electric current and thereby the electric load
on the generator can be manipulated. This
principle enables a control of the rotational
speed and the torque of the turbine. Sum-
marizing the setup, the measured variables
of the model wind turbines are power, rota-
tional speed, torque and the blades’ pitch an-
gle. Two NI-cRIO 9074 FPGA chassis with
real-time controllers realize the data acquisi-
tion and control of the turbines. Therefore,
appropriate LabVIEW-software was created.

First, the coherences of the different vari-
ables mentioned above and the wind speed
were investigated in detail. Based on the
data, an independent partial load control of

the model turbines was realized. Therewith,
a stand-alone performance during varying
inflow conditions is possible and the turbine
automatically maximized its energy yield.

The partial load control was used to inves-
tigate the influence of the yaw angle and
the pitch angle of one turbine on the perfor-
mance of an array of both turbines. To do so,
both turbines were set up in the wind tunnel
in stream wise displacement. The down-
stream turbine (T2) utilized the partial load
control in order to permanently maximize
its energy yield, while the front turbine (T1)
systematically varies its pitch and yaw angle
respectively. Fig. 2 shows the wind tunnel
setup schematically. To allow a change of
the front turbine’s yaw angle, it was placed
on a turning table, which is controlled by a
stepper motor. The procedures were fully
automated and carried out for varying dis-
tances separating both turbines.

Figure 1: Photograph of the model wind
turbine
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Figure 2: Schematic wind tunnel setup

The results show that both, a change of the
pitch angle as well as a change of the yaw
angle, have a measureable influence on the
power output of the downstream turbine.
Changing the pitch angle of T1 away from
its aerodynamic optimum did not increase
the overall power output of the turbine ar-
ray. However, changing the yaw angle y
of T1 did increase the combined power P1
plus P2 for certain values, which can be
seen in Fig. 3. More precisely, the power

variable

could be increased by approximately 6%
as compared to the case y=0° when setting
the yaw angle of T1 to y=18° [5]. This is in
good agreement with simulation results of a
similar case with two NREL-5MW turbines
[6], although boundary conditions such as
turbulence intensity and turbine spacing
differed. Also, it was found that the total
power strongly depends on the sign of the
T1’s yaw angle. This asymmetry is subject
of further investigation in the future.
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Figure 3: Normalized power output of the front turbine T1, the downstream turbine T2
and the combined power over the yaw angle of T1. Examplary for three rotor diame-
ters distance separating the turbines.

Summary

At ForWind Oldenburg, two identical
model wind turbines for wind tunnel ex-
periments where designed, built and tested.
The turbines feature a collective pitching
mechanism as well as a torque control,
which allows a stand-alone performance at
varying inflow conditions. In first experi-
ments, both model turbines were displaces
in stream wise direction in the wind tunnel.
The effect of a change of the yaw and pitch
angle of the front turbine on the overall ar-
ray’s performance was investigated. The
results show that a change in yaw and in
pitch have a measurable influence on the
downstream turbine, while only a change
in yaw was able to increase the overall
power output. This is in good agreement
with simulations of a comparable scenario
using two NREL-5MW turbines.
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Introduction

Modern wind energy converters are increas-
ing in size where at the same time acting
and changing loads on the rotor blades be-
come more and more an issue not only for
the blade design but also for the operation
of these turbines. Within the smart blades
project different components will be de-
veloped and tested that should decrease the
aerodynamic loads and their fluctuations,
respectively. In close cooperation with the
German Aerospace Center (DLR) and the
Fraunhofer Institute for Wind Energy and
Energy System Technology (IWES), For-
Wind Hannover and Oldenburg are partici-
pating with their wide variety of expertise in
each part of the project, which is organized
in four technologies. Table 1 provides an
overview of the covered topics at the differ-
ent institutes and research groups.

Project Description

Technology 1 - Passive Smart Blades
with bend-twist coupling

The focus of Technology 1 is the investi-
gation and design of wind turbine blades
which feature bend-twist coupling as a pas-
sive load control mechanism to reduce the
aerodynamic loads. ForWind is in charge
of tasks that deal with the development of
new numerical simulation tools and con-
troller concepts. The new tools are based
on Computational Fluid Dynamics (CFD)
which delivers high resolution flow fields.
As normal CFD simulations cannot capture
the effect of bend-twist coupling due to the
assumption of stiff geometries, a structural
model for wind turbine blades was imple-
mented into the open source CFD toolbox
OpenFOAM [1].

A finite element solver using beam ele-
ments was developed and coupled to
OpenFOAM flow solvers. In the next step,
the code will be used for the aerodynamic
analysis of flexible blades. Figure 1 shows
a deformed beam structure simulated with
the coupled solver. In addition, an opti-
mization tool for complete wind turbine
blades is currently being developed. Using
this tool, the optimal aecrodynamic shape of
deformed blades under various load condi-
tions shall be determined. The optimiza-
tion will be performed using the adjoint
method, which was implemented into the
open source CFD tool OpenFOAM [2].
Recently, a test case for blade airfoils was
set up for a comparison with other optimiz-
ers regarding speed, stability and the opti-
mal solution.

ForWind is also involved in the develop-
ment of new controller concepts that include
the bend-twist deformation or advanced
pitch and torque strategies, respectively.
Therefore, the usage of supplementary sen-
sors for online-detection and control of the
deflection should be investigated. A first

baseline controller for the reference wind
turbine has already been designed and is
used to identify further improvements.

For the detailed investigation of the geo-
metrical bend-twist-coupling, swept blades
have been implemented successfully into a
full aeroelastic simulation environment. A
modification of the reference turbine was
coupled with the swept blade configuration
(see Fig. 2) to simulate the system behavior
in full turbulent inflow conditions. Addi-
tionally, unsteady effects (e.g. dynamic stall,
dynamic wake, tower shadow, etc.) can be
considered for the further development of
the geometrical bend-twist coupling. This
new turbine model is the baseline for further
investigations for the parametric studies of
the swept blade. Loads on the whole turbine
structure and performance calculations can
be compared directly with the reference
turbine to determine the advantages and dis-
advantages of the geometrical bend-twist-
coupling. Furthermore parametric studies
to determine the characteristics of the swept
blade are performed within the aeroelastic
environment.

By increasing the blade’s length and using
slender blade designs aeroelastic stability
must be investigated in detail to determine
safe operation of the turbine without flut-
tering. Therefore, a task was shifted from
Technology 4 to Technology 1 to create
a method for the flutter analysis of rotor
blades.

Technology 2 — Smart Blades with
active trailing edge

Technology 2 deals with the development
of smart rotor blades with trailing edge
flaps and actively deformable trailing edg-
es. These concepts are typically applied in
the outer part of the rotor blade to reduce
the loads acting on the wind turbine. For-
Wind is investigating structural, aerody-
namic as well as aeroacoustic problems of
smart blades with active trailing edges.
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Technology 1 — Passive Smart Blades
with bend-twist coupling

Automated aerodynamic optimization of TWiSt

blades

Integration in Pitch and Torque control WESys

Coupling of different aerodynamic levels TWiSt

Bend-twist coupling with swept curvature IWES

Aerodynamic of fluid-structure coupling TWiSt

Design of a small blade with structural bend- IWES

twist coupling

Aeroelastic stability of passive Smart Blades IWES

Material and component tests IWES Figure 1: Stream lines around a deformed beam

Technology 2 — Smart Blades with active

trailing edge

Tools for structure and fatigue analysis ISD
Aerodynamic model for blades with trailing IWES
edge flap

Sensors for trailing edge flap and turbulent WESys
inflow in rotor plane

Integration in Pitch and Torque control WESys
Coupling of different aerodynamic levels TWiSt
Strength and dynamic analysis of blades with ISD
moveables

Flow simulation and acoustic emission esti- TFD

mation of blades with flaps

Flow calculation with flexible trailing edge TFD

Aeroelastic stability of active Smart Blades IWES

Technology 3 — Active slat

Wind tunnel test with slats TWiSt

Technology 4 — Cross-Technology Topics

Anisotropic bionic structural optimization IWES
Aerodynamic and structural design of refe- IWES
rence turbine

Technical and economical evaluation IWES
Systems Design Engineering - Reliability WESys

Table 1: Research topics of institutes and work groups Figure 2: Swept blade turbine configuration
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Determining the structural characteristics
of the long and slender blades with active
trailing edges, applied within this context,
is a key issue. An appropriate modeling ca-
pability for structural analysis is required
when exploiting the possibilities of smart
rotor blades. Therefore, a typical Finite
Element (FE) discretization using shell el-
ements was chosen as a basis for fatigue,
strength and vibration analysis. To facili-
tate the structural modeling and analysis
activities an input generator for the FE
program ABAQUS has been developed.
The FE input generator is based on Mat-
lab and considers the blade geometry, the
blade and spars stiffness properties, and the
laminate lay-up of the blade skin as input
parameters (Fig. 3).

The capability of the FE input generator
tool includes incorporation of a morphing
trailing edge mechanism. Its position, size
and internal geometry are parameterized
input data for the FE input generator. The
FE input generator has been verified by
applying the tool to regenerate an existing
36.5 m rotor blade model available at For-
Wind. Preliminary strength and vibration
analyses have been carried out with sev-
eral Finite Element models produced with
the tool. To demonstrate the capability of
the tool to generate models for parameter
studies, a variation of the position of the
shear webs has been carried out in a series
of blade vibration analyses of the 36.5 m
blade model [3]. In future work the FE
input generator tool will be used to gener-
ate FE models for the investigation of spe-
cific configurations relevant for the Smart
Blades project, and can in particular also
be employed to carry out sensitivity stud-
ies and optimization studies for important
structural parameters. Vibration and stress
analyses have been performed for the 80 m
reference blade available within the Smart
Blades project. In the context of strength
analysis, a new hybrid micro-meso mod-
eling approach has been developed at ISD
to simulate the progressive failure of multi-
directional laminates considering the inter-
action between four failure mechanisms,
namely fiber kinking, splitting, matrix
cracking and delamination. The integration
of such local strength analysis approaches

Figure 3: Internal geometry and laminate lay-up of rotor blade Finite Element model,
generated with FE input generator tool.

in the global stress analysis of large rotor
blades will be subject of further studies.

To quantify the aerodynamic influence of a
deformable trailing edge and a flap on lift
coefficient and stall behaviour, a paramet-
ric study of a flap has been performed us-
ing XFOIL (see an example in Figure 4).
Therein, the impact of the chord-wise flap
size and the flap deflection angle on the lift
and drag coefficients of a NREL SMW ref-
erence turbine airfoil as well as a profile of
the Smart Blades reference blade has been
analyzed. Special attention was turned to
the change of lift-to-drag ratio and the load
reduction potential of trailing edge flaps
[4]. In order to study the influence of the
non-stationary effects on the aerodynamic
coefficients during pitch motion or flap
motion, an engineering model for unsteady

aerodynamics has been implemented in
Matlab. Validation with CFD results will
be performed in near future.

In addition, two-dimensional flow simula-
tions with an actively deformable trailing
edge have been performed, i.e. to point out
potentially critical control sequences. A
time lag between trailing edge deflection
and the resulting load change can cause
unfavorable aerodynamic conditions, in
the worst case even increasing loads and
aeroelastic instabilities. Thus, this time lag
is analyzed in detail to hand out recom-
mendations for the controller design. It was
found out that the time lag depends on the
angle of attack and the velocity of the de-
flected trailing edge [5]. Unsteady simula-
tions with angle of attack and trailing edge
deflection oscillating in a predefined way

' =

Low Pressure coefficient
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Figure 4: Distribution of the pressure coefficient for the reference airfoil (left) and a

B=10° deflected trailing edge (right).
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have been carried out to investigate the
load reduction potential of a deformable
trailing edge. The results show a reduction
of the lift amplitude to as little as 6% of
the lift amplitude resulting from the angle
of attack oscillations if the trailing edge
oscillates in counter-phase to the angle of
attack oscillations. In 2015, a simplified
model, which considers the influences of a
flexible trailing edge for the simulation of
the whole wind turbine will be developed.

ForWind is also involved in the develop-
ment of new controller concepts including
trailing edge flaps and their capability of
load reduction. Therefore, the 7.5 MW ref-
erence turbine with flaps was implemented
into an aeroelastic simulation tool, where
an additional control loop was added to al-
leviate the 1P cyclic flap-wise loading of
the blade root. Simulations were carried
out according to the IEC 61400-1 standard,
and preliminary damage equivalent loads
(DEL) analysis were performed. This prior
investigation clearly points out the posi-
tive effect introduced by the control of the
trailing edge flaps. In line with this de-
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velopment the incoming wind field has to
be defined accurately to gain realistic in-
put parameters for controlling the trailing
edge flaps. To be able to measure data of
the incoming wind field across the whole
rotor area, ForWind acquired a high speed
short-range ZephIR 300 LiDAR within the
Smart Blades project, which is currently
being upgraded to a spinner-mountable
LiDAR. This LiDAR will be used to scan
the incoming wind speed component on
a spherical cap with the typical ‘rosette’
scanning pattern (Figure 5). At end of 2015
the spinner LiDAR will be mounted on a
wind turbine to measure inflow wind fields
at close upstream distances with a data rate
of 400 Hz. This data will also be help to
specify boundary conditions for wind tun-
nel measurements and numerical simu-
lations of a full wind turbine with smart
blades.

Technology 3 — Active slat

In Technology 3 a deformable adaptive
slat was developed in cooperation with the
DLR. ForWind is mainly involved in wind
tunnel tests to investigate the potential to

=" 200

Figure 5: Exemplary simulated rosette scan pattern of a spinner LiDAR.

affect aerodynamic forces particularly under
turbulent inflow conditions. Therefore, the
DU 91-W2-250 profile was chosen for the
baseline shape. During the project experi-
ments with the basic profile (clean shape) as
well as with a superimposed and integrated
slat are planned. For the measurements a
new closed test section of 2.6 m length with
optical access from all sides was built and
mounted to the 1 x 0.8 m? nozzle of the
Gottingen type wind tunnel in Oldenburg.
Here, the profiles are placed vertically in
their quarter-chord point on an axis, which
is connected to a torque sensor and force
balances that measure at high sampling
frequencies the acting aerodynamic forces.
The whole mounting is decoupled from the
rest of the section to enhance the quality of
these measurements. Additionally, the pres-
sure distribution on the profiles surfaces is
measured with up to 45 pressure taps that
are connected to pressure scanners through
tubes. Mean pressure distributions at differ-
ent angle of attacks are gained that allow the
identification of separation bubbles and the
calculation of polar lines. In the wind tun-
nel walls 80 pressure sensors are positioned,
that measure the pressure distribution on the
suction and the pressure side in the tunnel.
With this the lift coefficient can also be cal-
culated. These three redundant techniques
have been tested under laminar inflow con-
ditions with consistent results. The superim-
posed slat is designed for a delayed stall and
higher maximum lift. First measurements
in laminar conditions confirm this. Figure
6 compares the lift, drag and moment coef-
ficients of the clean shape model with the
coefficients of the superimposed slat model
for a Reynolds number of 1 million.

The turbulent inflow conditions for the ex-
periments are generated by means of an ac-
tive grid that can be mounted on the nozzle of
the wind tunnel. This grid allows generating
turbulent inflow conditions based on prede-
fined control protocols that result in realistic
fluctuations in wind velocities as well as in
angles of attack at the position of the profile.
One focus of this project is to analyze local
unsteady flow phenomena like separation
effects at high temporal resolution in such
turbulent flows. Therefore, a High Speed
Stereo PIV System is used. The laser light
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sheet is coupled into the wind tunnel and is
adjusted perpendicular to the surface of the
airfoil. Two cameras above and under the
test section are focused through the Per-
spex in mainly front scattering mode. In
Figure 7 a PIV snapshot of a measurement
at 700Hz is shown for the clean profile at
18° angle of attack and a Reynolds number
of approximately 200,000. An excitation
protocol that produces turbulent angle of
attack fluctuations of £6° with a periodic-
ity of 5Hz at the leading edge of the profile
was used for the active grid.

With optical measurements at such high
temporal resolution it is possible to track
the movement of the separation point and
resolve the local dynamics. In contrast to
laminar inflow conditions where the sepa-
ration is relatively fixed at one position,
the separation point is moving over a wide
range of the chord for the turbulent case.
The separated shear layer is clearly visible
and it’s flapping and mixing with the outer
flow is synchronous with the fluctuations
of the angle of attack.

The turbulence and the unsteady separa-
tion result in aerodynamic forces whose
extreme dynamics have to be attenuated.
For this purpose the potential and the lim-
its of the profile with an active slat will be
investigated in further experiments.

Technology 4 — Cross-Technology Topics
Activities that cannot be linked directly
to a single investigated technology are
integrated in the cross-technology top-
ics and comprise the development and
detailed specification of a state-of-the-art
and load-optimized reference turbine for
loads simulation purposes, and the devel-
opment of reference blades on a level of
detail that has never been reached in past
research projects. Finally, a multi-criteria
analysis with focus on technological and
economical aspects is in development,
which is supported by systems design en-
gineering focusing on reliability analyses,
and load simulations performed by Fraun-
hofer IWES in order to study the impact of
load reduction at the blades on subsequent
turbine components.
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Figure 6: Lift, drag and moment coefficients (C, C, and C,) measured in laminar
conditions (Re ~ 1 million.) with the force and torque sensors for several angles of
attack a of the clean shape model and of the model with superimposed slat.

Figure 7: Snapshot of the High Speed Stereo PIV measurement at 700Hz of the clean
profile at 18° angle of attack and a Reynolds number of approximately 200,000 for
turbulent angle of attack fluctuations of £6°. The absolute value of the three

dimensional velocity field is color-coded.

As a basis for the comparative evaluation
of the smart blade technologies, a refer-
ence turbine, a model of a 7.5MW direct
drive near shore turbine with a rotor diam-
eter of 164m and advanced load-reduction
features such as individual pitch control,
has been specified by Fraunhofer IWES,
together with ForWind. Further, the de-
sign of a flexible state-of-the-art reference
blade with a total length of 80m has been

completed in strong cooperation between
these two partners. The topology of the
reference blade consists of a main spar
with UD carbon/epoxy spar caps and two
shear webs, one additional shear web in the
trailing edge region with maximum chord,
and UD glass/epoxy leading and trail-
ing edge spar caps, (see Fig. 8). Buckling
problems occurred in the spar caps for the
initial configuration. An elaborate study
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has been performed where three alterna-
tive concepts have been investigated [6]:
Two split spar cap designs with a width of
200mm and 300mm each, respectively, and
a continuous spar cap design stiffened by
sandwich core material. High-fidelity finite
element analyses showed that the 200mm
split spar cap design resulted in a minimum
required additional mass to solve the buck-
ling problems.

Another modeling activity was the devel-
opment of a bionic optimization tool for the
structural design of smart rotor blades. The
functionality of ANSYS has been tested in
the bionic optimization of the blade topol-
ogy. Therein, material is built in where it
is necessary, and is removed in other posi-
tions, which is represented by an increase
or a decrease of mass density, respectively
(see Fig. 9).

Smart Blade technologies add extra be-
haviour and/or supplement structures and
systems to the wind energy converter. This
can yield additional risks in reliability or
availability of the system. For comparison
of the new design concepts the baseline
reference turbine design has been evalu-
ated in the context of reliability. The model
has been built up and analysed with respect
to functions and faults of the system. Rel-
evant design drivers for reliability have
been identified in the blade structure itself,
the lightning protection, and especially
the pitch system. The reliability analysis
procedure includes methods such as fail-
ure databases, fault trees and expert inter-
views, leading to qualitative levels of reli-
ability and availability for the active and
passive Smart Blade with respect to the
reference model and indicators for optimi-
zation potentials.

Further, the framework of the evaluation
model has been set up. This model is a
combination of VDI 2225 [7] and weight-
ed value benefit analyses. An elaborate
technological evaluation catalogue com-
prising minimum requirements, main cri-
teria, sub-criteria, and performance indica-
tors has been created. In order to quantify
the weighting factors large bandwidth of
weighting methods have been considered.

Figure 8: Topology of the reference blade, developed by Fraunhofer IWES in cooperation
with ForWind.

Figure 9: Optimized topology of a blade root section (red: reference mass density, blue:
50% reduced mass density).
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The SMART method [8] seems most ap-
propriate for follow-up expert interviews
in which, besides the evaluation itself, the
weighting factors are to be determined. For
the economical evaluation a mass-related
life cycle cost model has been developed
which links the component masses to the
component costs. The levelized cost of en-
ergy (LCoE) is calculated via a static cost
analysis. The extraction of power curves
from the loads simulations in the different
technologies, as well as the determination
of the corresponding annual energy yield
needed for the calculation of the LCoE for
the different technologies is work in pro-
gress.

Summary

Within the Smart Blades project five in-
stitutes and research groups of ForWind
Hannover and Oldenburg are involved in
the development of new numerical simu-
lation tools, controller and blade design
concepts for Technology 1 (passive Smart
Blades). Amongst others, fluid structure in-
teraction was added to the tool chain that
allows aerodynamic analysis for flexible
blades. In Technology 2 ForWind is part
of structural, aerodynamic and aeroacous-
tic investigations regarding the concept of
an active trailing edge. On the structural
side a finite element model has been used
to optimize the internal geometry as well
as the laminate lay-up of a rotor blade
with active trailing edge flaps. Wind tun-
nel experiments including High-Speed PIV
under turbulent inflow conditions are the
basis for a better understanding of the ef-
fectiveness of slats in Technology 3. In the
cross-technology topics ForWind helped
to develop a 7.5 MW reference wind tur-
bine model for loads simulation purposes
and corresponding reference rotor blades
including detailed lay-up specifications.
Furthermore, ForWind develops a holistic
evaluation model including technological
and economical aspects as well as reliabil-
ity analyses for the turbine concepts under
investigation.

Supported by:

* Federal Ministry
L for Economic Affairs
and Energy

on the basis of a decision
by the German Bundestag
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Introduction

The current German government strives for
a great expansion of offshore wind energy in
the German parts of North and Baltic Seas.
According to expansion targets specified in
the Renewable Energy Sources Act, a total
of 15 GW of offshore wind energy capacity
is to be installed until 2030. But, at the end
of 2014 total capacity of only 0.6 GW was
actually installed [1]. Reaching the ambi-
tious expansion targets thus requires a large
number of investors willing to make cumu-
lative investments of between 38 billion to
52 billion Euro. However, many potential
investors are currently facing budgetary
constraints due to consequences of financial
crises in recent years. Although the average
return on investment (Rol) of offshore wind
energy projects is quite attractive, these in-
vestors avoid investments due to difficult,
inaccurate Value-at-Risk (VaR) analyses.
Today, the impacts of the 10 to 15 main
risks and their correlations are not well un-
derstood. Consequently, investors demand
high equity and loan capital risk premiums,
which unacceptably increase total system
costs of offshore compared to onshore wind
energy projects.

Project Description

In order to be able to stimulate the inves-
tors’ future willingness to invest, compre-
hensive methodological support is needed
enabling investors to make investment deci-
sions based on a combination of cost-benefit
and total risk analyses. This methodological
support needs to account for both technical
and financial risks. As a first step we devel-
oped a financial decision support system
(FDSS) assessing offshore wind energy
projects and their general financial condi-
tions. A discounted cash flow (DCF) model
in combination with a business risk model
(BRM) was implemented and a Monte Car-
lo simulation (MCS) was applied. The re-
sulting tool enables investors to analyze and
evaluate the probabilistic project value (Fig.
1) of an offshore wind energy project within
a project finance framework and allows to
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analyze and manage project risks. To con-
sider requirements of typical investors, key
figures as for example the average return
on investment and different debt coverage
ratios (Fig. 2) can be calculated. Devel-
opment of the first FDSS was performed
within an Excel/VBA programming en-
vironment extended by the Excel-add-in
Oracle Crystal Ball. At first, an offshore
wind farm example in the German North
Sea was investigated to validate the under-
lying risk model and the FDSS [2]. Results
were analyzed, limitations were identified
and further improvements were derived.
After implementation of advancements, as
for example the Weibull wind speed distri-
bution, the FDSS was again applied to the
same case study, but also to several further
case studies, including offshore wind en-
ergy projects in emerging countries (Brazil
and Mexico) [3].
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Figure 1: Distribution of the Project Value (Adjusted Present Value in Million €) of a

German Offshore Wind Energy Project [2]
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Figure 2: Debt Coverage Ratios of a German Offshore Wind Energy Project at a specified

Confidence Level of 95% [2]
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Summary and Outlook

As the offshore wind energy and renewable
energies in general as well as our system
aim at technical, ecological, and economic
sustainability, the application can be classi-
fied as green by information systems. The
FDSS is able to support investors with the
complex tasks of assessing possible project
returns and the project’s ability to cover
debt service. Moreover, governments can

MAILAB

Graphical User Interface

check whether the respective general fi-
nancial conditions are sufficient to support
the expansion of the offshore wind energy.
Nevertheless, we also identified certain
limitations with regard to our research pro-
ject. Especially the fact that the FDSS does
not account for risk correlations has made
evident the need for the development of a
more powerful FDSS. When simulating risk
correlations in Monte Carlo simulations via
Iman-Conover method, a larger amount of
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random numbers must be generated. As
this would lead to unacceptable computing
time when using the less performant Excel/
VBA FDSS, we started to develop a sec-
ond, MATLAB-based, multi-step, proba-
bilistic scenario analyses FDSS in 2015
(Fig. 3). This second FDSS optionally can
use coarse- and fine-grained parallelization
on up-to-date processors and multi-proces-
sor computers.
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Figure 3: System Architecture of the MATLAB-based, multi-step, probabilistic scenario analyses FDSS
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Introduction

Increase the percentage of automation in
the rotor blade manufacturing process is
the topic of the research project mapretec
[1]. Rotor blades for wind turbines are
normally made of long-fibre reinforced
polymer composites due to their beneficial
strength-to-mass relationship und extraordi-
nary stiffness. Because of the high number
of technical textiles plies, the employment
time of the manual process and the pro-

mapretec

duction quality is highly influenced by the
experience, knowledge and intuition of the
engaged employees.

With regard to the background of employ-
ment at sea, an increase of quality require-
ments of the manufacturing in combination
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 characteris-
tics of the construction unit. In order to keep
these effects as small as possible, the auto-
mation of draping and cutting processes is
a solution.

Project Description

In the mapretec project, the technical tex-
tiles are laid automatically on special carri-
ers by building a flat preform and then final-
ised 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 compos-
ite moulding (LCM) is used for a new pro-
cess chain with advantages of accuracy in
positioning and repeatability as well as an
increasing production speed.

Summary

This process chain for the automated manu-
facturing 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 coopera-
tion with the SAERTEX GmbH & Co. KG
and support of the rotor blade manufacturer
AREVA Blades GmbH.
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Figure 1: New preforming process
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Figure 2: Material supply unit with
ultrasonic cutter system and adap-
tive handling unit

Figure 3:Auto Fix Unit mounted to the ar-
ticulated arm
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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 pro-
duction cost by more than 10 percent. For
this reason 17 industrial and research part-
ners will consider on rotor blade design,
materials and manufacturing processes. The
main objective of this project is the set up of
the “BladeMaker Demo-Centre”.

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 varia-
tions in the quality of the product depend-
ing on the chosen method of production and
the individual state of knowledge of the in-
volved employees.

The University of Bremen is involved in
two thematic areas: "Direct Textile Place-
ment" and "Tooling Design". The main
focus of "Direct Textile Placement” is the
development of a device for automated
handling of textiles to produce large scaled
preforms for rotorblades. 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 fin-
ished product. 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
and costs. 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.

Summary

The project BladeMaker will run until the
end of September 2017 and is funded with
8 million Euro by the German Federal
Ministry for Economic Affairs and Energy
(BMWi). The University of Bremen is one
of 17 partners and is focused on the devel-
opment of forming-tools and the automated
preforming process. The developed systems
will be integrated in the “BladeMaker De-
mo-Centre” and will be tested under indus-
trial conditions.
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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 tur-
bine drive train components are low com-
pared to other components, they result in
long downtimes. A targeted approach for
advances in design, production and mate-
rial selection requires significant measure-
ment data [1].

This project aims at the sustained long term
provisioning of reliable measurement data
of large gears for wind turbines. This ena-
bles the wind energy industry to increase
the operational availability of wind tur-
bines and decreases the identifiable costs.

Project Description

The capability of the measurement tech-
niques in the automotive industry led to
highly developed gear manufacturing pro-
cesses which cannot easily be scaled up to

large gears for wind energy systems. There-
fore, a reliable, near-process measurement
of large gears is an essential requirement
for the future development of the manufac-
turing techniques for wind energy systems.
Advances in the measurement processes
will create technical and economic inno-
vation potential for wind energy systems,
especially regarding longer lifetime, in-
creased efficiency of the power transmis-
sion, reduced noise emissions and smaller
overall size. The expected economic advan-
tages include optimized production pro-
cesses and an increased yield of the wind
turbine.

The project is carried out by three partners:

* Bremen Institute for Metrology, Auto-
mation and Quality Science (BIMAQ)
at the University of Bremen;

» German National Metrology Institute
(Physikalisch-Technische Bundesanstalt
—PTB);

* Hexagon Metrology GmbH.

The basis for the intended reliable meas-
urements is the implementation of a fully
traceable chain of procedures beginning at
the PTB via accredited laboratories under
the supervision of the national accredita-
tion body, Deutsche Akkreditierungsstelle
(DAKKS), down into the industry. The con-
nection to the SI unit of the PTB is estab-
lished by substitution measurements on
high-precision, calibrated standards [2].
These standards can be gears with a diame-
ter of up to 3 m or qualified gear segments.
During the project a large gear standard
which regards industrial requirements is
developed. This is the basis for the trace-
ability chain and the calibration of large
gears as subsequent standards for the use
in the industry. The objective for the devel-
opment of the large gear standard is a cali-
bration chain as short as possible, which
enhances the achievable measurement un-
certainty 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 prop-
erties as required by the measuring method.
The traceability can be ensured by measur-
ing the standard on a traceable coordinate
measuring machine (CMM). Fig. 1 shows
the Leitz PMMF 30.20.7 from Hexagon
Metrology GmbH at the large gear labora-
tory at BIMAQ.

An improved and reliable technology also
includes the holistic measurement of the
functional surfaces regarding geometry [3]
and material properties [4]. Instead of an
evaluation of the functional flank surface
based on a few measuring lines areal infor-
mation is acquired which lead to additional
data on the gear quality [3]. This requires
new fundamental knowledge in form of
mathematical models for the description of
flank form deviations and their uncertainty
estimation.

Furthermore, sensors are developed for the
measurement of surface properties (e.g.
roughness, fracture detection) and for near-
surface properties (e.g. hardness, detec-
tion of grinding burn, thermal damaging).
Alongside the development of these sensors
for an application in wind turbines, the re-
search extends to possible further applica-
tions in the production process of drive train
parts. This is supported by investigations
regarding the optimization of the produc-
tion process of large gears, integrating the
conclusions from the measurement results.

For energy plants the use of systems for
the continuous condition acquisition (Con-
dition Monitoring System — CMS) is state
of the art and allows for early reaction to
malfunctions before larger damages occur.
Actually, only few sensors for the applica-
tion in wind energy gear boxes are widely
used. Thus, another goal of the project is
the development of optical sensors for
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Figure 1: Leitz PMM-F 30.20.7 coordinate measuring machine at
the Laboratory for large-scale gear-measurements

(Source: BIMAQ)

the contactless acquisition of axial, radial
and rotational movements on drive train
components (e. g. fig. 2). Integrating these
measurements in future CMS will improve
the maintenance of wind turbines [5].

Summary

The project establishes the prerequisites
for a dependable quality measurement for
individual drive train components, espe-
cially large gears. The activities of the pro-
ject range from industrial basic research in
the field of sensors and their handling, to
pre-competitive developments with respect
to process optimization, machine position-
ing, firmware and measurement software,
operational concepts as well as handling
and calibration of large gear standards.
The interaction of machine hardware, sen-
sors, machine control, workpiece handling,
specially developed software and measure-
ment strategies will be brought together
on a CMM at the large gear laboratory at

BIMAQ. Different aspects will be tested,
proven and evaluated technically and eco-
nomically by the project partners.
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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. Af-
terwards, 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 grind-
ing burn, is a current problem in the non-
destructive material testing. Because of
the disadvantages of the common testing
methods like nital etching or micromag-
netic measuring techniques, new meth-
ods 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 photother-
mal measurement signal are examined by
simulations and experiments.

Project Description

Grinding is one of the most important in-
dustrial 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 ma-
terial modification on and below their sur-
faces (Fig. 1). The non-destructive testing
with respect to these thermo-mechanical
defects is necessary to evaluate the func-
tionality of the manufactured component
[1]. Especially the production of large
components for wind energy converters
like gears or bearings requires the detec-
tion of grinding burn on large functional
surfaces. The conversion from single piece
production to series production addition-
ally requires the automation of the meas-
urement and profits significantly from the
reduced measuring times of contactless
measuring systems. This change requires
an optimization of each step of the produc-
tion process. Therefore, the performance of
the essential grinding processes has to be
improved, which increases the danger of
grinding burn.

defect-free

annealed

new hardened n

The term of grinding burn summarizes all
kinds of thermal defects which lead to a re-
duced product lifetime. Examples of grind-
ing burn are annealing zones or new hard-
ened zones with an increase or a decrease of
the material hardness close to the machined
surfaces. Various testing methods are ap-
plied 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 sur-
face color if grinding burn is involved. This
method has disadvantages like the subjec-
tivity 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 ob-
vious that new testing methods have to be
investigated [2, 3].

A new approach is provided by the pho-
tothermal radiometry, which is a non-de-
structive test method to determine the ther-
mal properties of near surface zones. This

depth

Figure 1: States of grinding burn

source: PP Saartwiicken
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technique bases on the generation and de-
tection of thermal waves that interact with
thermal inhomogeneities. For this purpose
the material surface is periodically heated
by a modulated laser. The modulation fre-
quency 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 sen-
sors. Material defects can be discovered by
comparing the amplitude and, more impor-

da
o

£

tant, the phase of the infrared signal with
those measured at homogeneous materials
(Fig. 3). The photothermal technique is al-
ways a promising approach if certain ma-
terial properties like hardness and residual
stress correlate with thermal properties [3].

Summary

The research in the project “nondestructive
and reliable real-time detection of thermal
damages in grinding processes” will help
implementing a 100%-quality inspection
of ground components like gears or bear-
ing rings. In contrast to the employed test-

Grinding Burn

Laser excitation

P=15W
f =60Hz

10
x-axis in mm

Figure 3: Result of a photothermal measurement on a thermally damaged component

ing methods the examined non-destructive
measurements methods allow a fast, reliable
and non-reactive testing of each manufac-
tured component within highly stressed
powertrains of wind energy converters.

This IGF-project (17289N/1) of the
Deutsche  Forschungsvereinigung  fiir
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Introduction

Highly efficient Power Electronics (PE)
employed in power generation, transmis-
sion, and distribution is a prerequisite for
the Europe-wide penetration of renewable
energies. It improves the energy efficiency,
increases the power quality and enables
continuous voltage regulation, reactive
power compensation and automated distri-
bution. It also facilitates the integration of
distributed resources like local energy stor-
age, photovoltaic generators, and plug-in
electric vehicles.

The development of a new generation of
high power semiconductor devices, able to
operate above 10kV, is crucial for reducing
the cost of PE in the above-mentioned ap-
plications. The material properties of SiC,
clearly superior to those of Si, will lead to
enhanced power devices with much better
performance than conventional Si devices.
However, today’s SiC PE performs rather
poorly, compared to the predictions and the
production costs are by far too high.

Pooling  world-leading manufacturers
and researchers, SPEED aims at a break-
through in SiC technology along the whole
supply chain:

Growth of SiC substrates and epitaxial
layers.

Fabrication of power devices in the
1.7kV / >10kV range.

Packaging and reliability testing.
SiC-based highly efficient power con-
version cells.

Real-life applications and field tests in
close cooperation with two market-lead-
ing manufacturers of high-voltage (HV)
devices.
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Figure 2: Three-phase SRC
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Known and new methodologies will be
adapted to SiC devices and optimized to
make them practicable. The main targets
are cost-savings and excellent power qual-
ity using more efficient power converters
that exploit the reduced power losses of
SiC. To this end, suitable SiC substrates,
epitaxial layers, and HV devices shall be
developed and eventually be implemented
in two demonstrators:

* A cost-efficient solid-state transformer
to support advanced grid smartness and
power quality.

* A windmill power converter with im-
proved capabilities for generating AC
and DC power.

Project Description

The role of TAL is focused on the design
and development of power electronic con-
cepts for future windmill power converters.
Compared to conventional Si semiconduc-
tors, SiC semiconductors are characterized
by higher efficiency and lower costs for grid
filters [1,2]. However, SiC components are

x

==

T

x

2 g

x

l@é}
1 4

Figure 3: Single-phase Single Active Bridge

==
§

s
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not yet available in the high-power class
required for wind power converters. For
this reason, SiC power semiconductors
and modules to be applied in wind turbines
are developed in this project. At IAL, con-
verter topologies for wind turbines are un-
der investigation which, combined with the
benefits of SiC technology, may improve
system efficiency to a considerable extent.
Special emphasis will be placed on DC/DC
solutions, which are considered as the future
trend for grid-side connection [3,4].

A literature study on high power DC/DC
converters was done in order to select
promising topologies [5,6]. The focus is
laid on unidirectional converters, since for
the windmill the power flow is from the
turbine to the grid, except for low reverse
power flow in black start situations. Reso-
nant converter topologies, like the series
resonant converter in single-phase (Fig. 1)
and in three-phase configuration (Fig. 2),
are of interest when regarding high power
converters.

However, the disadvantages of these topol-
ogies are the limited operation range due
to the soft switching requirement, as well
as the need for high-voltage/high-current
resonant capacitors which could also affect
the reliability of those converters. For this
reason, the effort and interest at this stage
of the project is focused on non-resonant
converters like the single-phase (Fig. 3)
and three-phase (Fig. 4) single active
bridge [7,8].
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Device losses for the baseline IGBT mod-
ule and the hybrid module (Si-IGBT and
SiC-Diode) were investigated experimen-
tally, and compared with SiC-MOSFETs
for these topologies.

Fig. 5 depicts simulation results that show
the superiority of SiC compared to Si and
hybrid module over the entire power range
for the Three-phase Single Active Bridge
(The switching frequency is constant for
each device). Besides the DC/DC con-
verters, AC/DC converters will also be
analyzed because of their importance in
generator side power conversion. Finally,
systems interaction and system optimiza-
tion will also be considered.

Summary

This FP-7 project focuses on the develop-
ment of new power semiconductor devices
made from Silicon Carbide (SiC) that open
the way to novel concepts and applications
in the high power range, such as renewable
energies, traction, power generation and
distribution. At the Institute for Drive Sys-
tem and Power Electronics, the application
in high power converter topologies for
future offshore wind turbines connecting
to an offshore DC voltage grid are inves-
tigated. The results will be used to select
and design a demonstrator that will be built
by industry partner INGETEAM in this
project.
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Figure 5: Device losses of different devices for the Three-phase Single Active Bridge
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Introduction

The development of a new generation of
high power semiconductor devices, able to
operate above 10 kV, is crucial for reducing
the cost of PE for power transmission and
renewable energies. The material properties
of SiC clearly are superior to those of Si for
high voltage devices. Pooling world-lead-
ing manufacturers and researchers, SPEED
aims at a breakthrough in SiC technology
along the whole supply chain:

* Growth of SiC substrates and epitaxial-
layers.

* Fabrication of power devices in the
1.7/>10 kV range.

* Packaging and reliability testing.

* SiC-based highly efficient power conver-
sion cells.

* Real-life applications and field-tests in
close cooperation with two market-lead-
ing manufacturers of high-voltage (HV)
devices.

The main targets are cost-savings and su-
perior power quality using more efficient
power converters that exploit the reduced
power losses of SiC. To this end, suitable
SiC substrates, epitaxial-layers, and HV de-
vices shall be developed and implemented
in two demonstrators, a solid-state trans-
former and a windmill power converter.

Within the scope of this project, the core
responsibility of IALB is reliability test-
ing and analysis of SiC devices. For details
about the SPEED project see [1].

Project Description

Reliability is a major concern for power
systems design and particularly the operat-
ing life of semiconductor devices is crucial
for overall lifetime estimation. For this rea-
son, reliability tests such as power cycling,
temperature cycling and climate tests are
conducted within the scope of this project.

The work presented here is focused on pow-
er cycling. For this test procedure the device
under test (DUT) is heated up by means of
on-state power dissipation. Once the desired
maximum junction temperature is reached,
the load current is turned off and the junc-
tion cools down to the desired minimum
temperature. These cycles are repeated until
the DUT fails. By conducting several IOL
tests with varying middle temperature Tyn
and temperature swing AT, the Coffin-
Manson lifetime model parameters can be
obtained. The Coffin-Manson model for
power semiconductor devices describes the
mean time to failure of a device in depend-
ence to its junction temperature swing and
middle temperature. It originates from the
theory of low cycle fatigue of mechanical

materials under stress high enough to induce
plastic deformation. The intermittent opera-
tional life (IOL) can be calculated by con-
sidering the mission profile and projecting
the consequential thermal parameter on the
Coffin-Manson model.

At TALB, a power cycling test bench for
discrete devices has been developed. The
test bench consists of two test lanes which
provide forced air cooling with a specific
air temperature for all DUTs. The Airflow
is self-contained and the temperature is con-
trolled by means of a heating system and a
recuperator. Fig. 1 shows the concept of a
single test lane.

For the analysis of power cycling tests, the
minimum and maximum junction tempera-
tures have to be determined very precisely
as the resulting cycles to failure are strongly
depending on the junction temperature
swing. However, since the junction tem-
perature is not accessible for direct meas-
urement, it has to be determined indirectly,
i.e. through the temperature dependence of
a well measurable parameter. For power cy-
cling tests, the temperature dependence of
the on-state voltage for small load currents
has been proven an appropriate method [2].
As for all indirect measurement methods, a
calibration has to be conducted. The DUT is
heated up in an oven to its maximum oper-
ating temperature and subsequently cooled

Figure 1: Concept of power cycling test lane
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down slowly. Both, case temperature and
on-state voltage at a specific load current,
are logged. For common measurement cur-
rents in the range of 0.1% of the rated nomi-
nal current, self-heating through the on-state
losses is negligible and, therefore, the case
temperature is the same as the junction
temperature. Fig. 2 shows the temperature
characteristics of a silicon IGBT. In order to
proof the general concept and functionality
the first test batches are silicon devices due
to the availability of reference data.

According to the measurements there is a
good correlation in the investigated temper-
ature range between the junction tempera-
ture and the forward voltage drop for small
currents and, hence, it is a good parameter
for indirect measurement.

Fig. 3 shows the V. characteristics for
a single power cycle. During the cooling
phase, the load current is switched off and
only the measurement current is forced
through the DUTs. The on-state voltage is
easily correlated to the junction temperature
with the curve obtained during the calibra-
tion measurement. However, for the first
couple of microseconds after the load cur-
rent is turned off, the on-state voltage is
subject to oscillations. For this timespan,
commonly referred to as recombination
time, the measured voltage does not rep-
resent the actual voltage dependent on the
junction temperature. In order to obtain
higher accuracy for the maximum junction
temperature, the on-state characteristics is
fitted with the square root time method after
the oscillation has faded (see Fig. 4) and the
minimum on-state voltage at the time of the
switching event is then calculated according
to the fit [3].

Fig. 5 shows the cooling curve. In addi-
tion to obtaining the minimum and maxi-
mum junction temperature, the logarithmic
scaled cooling curve is directly proportion-
al to the thermal impedance of the DUTs
thermal path and, therefore, changes in the
interconnection of the thermal layers can
be monitored. This can be used to analyse
weak spots and degradation processes in
the thermal path.
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Once the load current is switched on, the
on-state voltage increases to the nominal
value of the load current. Since the on-state
voltage temperature dependence changes
from NTC to PTC behaviour for higher
currents, the voltage increases with higher
temperature during the heating phase.

Summary

Lifetime and reliability analyses are im-
portant factors for power semiconductor
devices. For silicon devices plenty of field
data and research studies are readily avail-
able. Hence, end of life failure modes and
possible weak spots are known and well
controlled. However, for relatively new
materials and silicon carbide in particular
data is still comparatively rare. New failure
modes are possibly occurring and lifetime
models might have to be adjusted. The on-
going research activities at IALB aim for
reliability data and lifetime models of the
silicon carbide devices developed within
the SPEED project.
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Introduction

In the next decades, new wind turbines will
be more and more developed for offshore
applications. In 2009, 37,773 GWh of
power was generated in Germany by on-
shore wind turbines, whereas the output of
offshore turbines was just about 37 GWh.
These figures prove that the expansion of
offshore wind power capacity has only just
started. More offshore applications will
increase the capacity of each individual
system; next-generation system capacities
will be in the range of 8 to 10 MW. The
trend is towards gearless direct drive and
full converter concepts, going along with
enhanced use of medium-voltage technolo-
gy in wind turbines and thus with changed
generator and converter concepts. In this
respect, special requirements concerning
reliability and maintainability have to be
taken into consideration. In German wind
energy research, there exists up to now no
universal test bench which is suitable for
testing pre-production samples at a pre-
competitive stage.

Project Description

The demands on generator/converter sys-
tems especially when used in wind turbines
have changed during the last years. Due to
the vast increase of installed power of dis-
tributed energy supplies, todays largescale
energy generation systems must impera-
tively guarantee grid support and fault
ride-through. These changes have a direct
influence on the choice of the generator/
converter system as well as on the control
concepts required.

Funded by BMUB, a large-scale test facil-
ity is under construction at IAL, designed
for researching and testing converter and
generator concepts including a converter-
integrated control on a scale of about 1:10.
Possible work also includes investigations
on dynamics and system stability, station-
ary and transient thermal load, various grid
supply methods as well as the behavior
in case of grid failures, e.g. voltage dips,
phase-to-phase faults or ground faults.
Moreover, the interactions between con-
verter and generator and their influence
on other system components like bearings
and gears shall be investigated. These are
e.g. the effects of current and voltage har-
monics, additional losses, local saturation
effects as well as bearing voltages and cur-
rents. The verification of enhanced simu-
lation models for electrical and mechani-
cal components involved as well as filter
design methods will also be a subject of
research.

Due to its size and performance, the test
bench is not erected directly at IAL, but
in a newly constructed building, the “Test
Center for Support Structures* at Hanno-
ver-Marienwerder, and is accompanied by
two other large-scale test benches under
the guidance of some civil engineering
institutes. Construction started in autumn
2012, its completion is planned for 31st
March 2014. Then the electrotechnical test

equipment worth about 3 million € will be
installed. Testing is scheduled for the first
half of 2015.

The GeCoLab test hall has a building area
of 113 m? and a height of 8.50 m. Two ad-
jacent rooms serve as control and evalua-
tion room as well as for preparatory work.
The test hall entrances dimensions are 4 m
x 4.5 m. That way large-scale components
of up to 20 t can be moved into the hall to
be positioned by the hall crane on the span.
The span has an area of 10 m x 4.30 m and
a net weight of about 70 t. The span is sup-
ported by air spring elements with a natural
frequency of approx. 2 Hz.

In the original equipment, a high-speed
doubly fed induction machine (DFIG) and
a low-speed permanent magnet synchro-
nous machine (PMSM) with 690 V each
are coupled by an adapter gearing. The ma-
chines can be supplied by separate convert-
ers. The DFIG is fed by a modified stand-
ard wind turbine generator, where-as the
PMSM is fed by a high-performance full
converter. Using a grid-simulating convert-
er, arbitrary faults can be imposed on the
machines and their converters on the grid
side. The converter transformers connected
downstream are used to improve the volt-
age curve at the output of the grid simula-
tor. For investigations in a wider frequency
range, transformers can also be abandoned,
provided that a higher THD is acceptable
in this case.

The test bench is designed for a feed-in
power of 1.25 MVA. About 20 running me-
ter of switch cabinets required for the con-
verter equipment and two converter trans-
formers will be set up in the test hall. The
effective length of power cables (NYCWY
3x185/95 mm?) will amount to approx. 3
km, equal to nearly 25 t copper weight. The
system diagram (see Fig.) gives an impres-
sion on the universal possibilities offered
by the test facility, and this not only for the
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Figure 1: GeColab system diagram

test machines and converters specifically
equipped for testing, but also for speci-
mens, be it machines or converters, pro-
vided by customers.

Summary

The completed test bench will be a unique
test facility for fundamental research on
various generator-converter concepts as
well as for versatile laboratory tests instead
of field tests performed on wind turbines.

Angass Getre b
I =41
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The ForWind research project Probabilis-
tic 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 me-
chanical components of Offshore Wind
Turbines (OWT) are performed. Since
2010 project descriptions, objective targets
and research results are documented in an-
nual reports which are available on www.
psb.uni-hannover.de. PSB Annual Report
2013 contains assumptions, aims and out-
comes for several examinations concerning
parts of OWT in view of civil engineering,
mechanical engineering and electrical en-
gineering. In spring 2015 the whole works
of this project will be summarized in the
Final Report.

Project Description

Within this research project in several
work packages (WP) a wide variety of top-
ics concerning probabilistic methods are
analysed. These methods and further cor-
relations partially were described in WP
1 in former annual reports. Furthermore,
connections between the involved institutes
and their treated subjects are shown in this
coordinating WP1.

Extreme hydrodynamic loads on OWTs
result from breaking waves, which cause
severe impact on offshore structures and
induce significant singular stresses as well
as vibration and therefore discrete degrada-
tion of the support structure. For an efficient
design of OWTs, dominant and significant
sea state parameters as well as wave-break-
ing probabilities must be considered. This
work is done in the first part of WP2. In
the first step design wave heights and oc-
currence of wave trains in the North Sea
have been analysed on the basis of statistical
analysis of extreme events. The second step

deals with the wave-breaking probability,
which is investigated by means of laborato-
ry experiments in two-dimensions to quan-
tify the scatter of the influencing factors,
i.e. significant wave height HS, peak period
TP, random phase angle ¢ and water depth
d. The laboratory experiments show a sig-
nificant influence of the random phase angle,
i.e. wave sequence in the time series, on the
wave-breaking probability, which has to be
investigated in depth in further test runs.

In the second part of WP2 wind forces are
examined. In addition to the complex flow
environment and the geometric deviations,
structural imperfections of rotor blades are
one of the main sources of uncertainties in
wind turbine design. These can arise due
to imperfections of the composite materi-
als, which can be caused by variations of
the fiber and matrix material properties and
the fiber volume ratio etc. Structural uncer-
tainties can also arise due to tolerances in
the non-automated manufacturing process.
In order to investigate the effect of struc-
tural uncertainties on the full-system mode
shapes and natural frequencies of an off-
shore wind turbine (OWT), the distributed
blade mass density and the cross-sectional
flapwise and edgewise stiffness are varied
relatively with respect to the corresponding
baseline parameters. The variations of the
spatially correlated structural properties
are modeled by a random field approach.
The results show a significant scatter of the
natural frequencies of the rotor modes and
the torsional drivetrain mode which can
lead to an increased risk for resonances
with the 3P harmonics of the rotational
speed.

WP 3 deals with the calculation of partial
safety factors for mainly axially loaded
offshore foundation piles. Therefore a case
study of a Reliability Based Design for
two common soil profiles and two design
methods, the API-method and the ICP-
method, was performed. Moreover a cali-
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bration of partial safety factors was carried
out to match the safety requirements of the
Eurocode 0. According to the computed
results the partial safety factors should be
decreased for the API-method, where an
increase for the ICP-method seems to be
suitable. Thereby also a more accurate de-
termination of the required embedded pile
length was achieved compared to deter-
ministic design.

The foundation and support structures of
OWT are examined in WP4. Reliability
analyses are carried out for a monopile
and jacket structure. Limit states which are
critical for the structural design of OWTs
are identified. On basis of the ultimate limit
state as defined by valid standards, extreme
events as well as the statistical properties of
the resulting loads acting on substructures
are investigated. Especially the scattering
of the environmental conditions which de-
scribe the sea state and wind fields are con-
sidered within the ongoing research. Also,
the correlation between parameters has to
be taken into account for the probabilis-
tic design. Different methods such as the
Monte-Carlo simulation can be applied in
order to determine the probability of fail-
ure for scattering parameters. In addition,
the fatigue limit state has to be considered
for branched structures such as jackets and
tripods. Here, the fatigue damage is inves-
tigated concerning its statistical properties.
In WP 5 risk factors of grouted joints dur-
ing the execution process are investigated
by using methods like Preliminary Hazard
Analysis (PHA) and Fault Tree Analysis
(FTA). First, supporting structures and
typical offshore boundary conditions were
analysed. To perform a detailed PHA,
the different commonly used supporting
structures under typical offshore condi-
tions were analysed according to the load
bearing behaviour. Based on the findings
of the PHA, different failure modes of the
grouting process were simulated using
several laboratory testing facilities. These
tests simulate possible adverse effects and
their influence on the strength of the hard-
ened grout material. In a subsequent FTA,
the main risk factors according to the load
bearing capacity of the grouted joint will
be identified. The findings will be used to

develop recommendations to minimise the
risk for possible defects of the grouted con-
nection.

Drive trains of wind power plants contain
different mechanical components with lim-
ited lifetimes which can only be estimated
as a probability for selected fundamen-
tal failures. For example, rolling element
bearings are exposed to operation condi-
tions causing damage mechanism that
aren’t fully investigated yet and that are
therefore not included in common calcula-
tions of bearing lifetime. To nevertheless
ensure a high availability and low mainte-
nance costs, maintenance has to be planned
early and effective, especially for hard to
reach OWT, by an early recognition of fail-
ures during operation. WP6 therefore deals
with the development and testing of condi-
tion monitoring systems for large size roll-
ing element bearings. The measurement
of vibration signals emitted by a repeti-
tive overrolling of failures in the raceways
of rolling element bearings and a novel
method for signal analysis and evaluation
are tested on a large size bearing test rig as
well as on a real wind turbine.

WP7 focuses on the online fault detection
in electrical machines using search coil
systems. All important types of faults and
damages in electrical machines result in
characteristical changes of the magnetic
air-gap field. These changes can be used to
detect a fault by search coils placed in the
stator slots based on the voltage induced in
them to identify the type of fault in depend-
ence of the frequency. Search coil systems
are especially suitable for the detection of
interturn faults and eccentricities, since
these faults have no or little influence on
the quantities at the terminals of a machine
and are therefore not easy to be detected
from the outside. Based on previous re-
searches of search coil systems for syn-
chronous machines, the special challenges
of the design of search coil systems for
permanent magnet synchronous machines
with high pole pair/slot number combina-
tions are determined. In this respect differ-
ent approaches for the design of search coil
systems are presented. Furthermore, design
rules for search coil systems in multi-pole

permanent magnet synchronous machines
are developed.

The converter lifetime of wind turbines is
addressed in the first part of WP 8. Life-
time simulation models have been built. In
2013 they have been extended to dynamic
operation mode and a complete simulation
model was built. Real wind speed charac-
teristics are integrated in the model. The
thermal behaviour of the power electronics
is modelled. First results show the dynamic
thermal load of the converters for real wind
speed steps.

For a reliability analysis of grid connec-
tions of offshore wind farms, different grid
topologies and grid structures are analyzed
and evaluated concerning their reliability
in the second part of WP 8. On this occa-
sion the uppermost purpose is to determine
which grid topology owns the highest re-
liability. As input quantities for the reli-
ability analysis of wind farm connections,
characteristic reliability parameters of
electrical components like transformers,
cables etc. are considered. A model for
probabilistic analysis for probabilistic reli-
ability analysis for the entire wind farms
including the grid connection was created.
This model performs simulations under
variation of reliability parameters. Thus
potential weaknesses of grid connections
are identified. But also profit calculations
and location assessments are possible.
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Introduction

OWEA Loads aims to ascertain the rel-
evant aspects concerning the aerodynamic,
hydrodynamic and operational loads an
offshore wind energy converter will face
throughout its lifespan, with focus on the
Rotor-Nacelle-Assembly (RNA). The pro-
ject wants to convey a decisive impulse
to the development of the new generation
of offshore wind turbines. On one hand,
the already available load measurements
at Alpha Ventus may still be valuable for
answering still pending research ques-
tions; on the other hand, novel and yet
unexplored approaches will be considered
in the areas of measurements, design and
meteorology.

In the area of control, the design of several
control methods to reduce severe loads will
take place. Based on this analysis, it will
be possible to define and clarify the set of
needed requirements for the design of the
future wind turbines.

Secondly, it will be paramount to assess
the reliability of the already available load
and strain measurements at Alpha Ventus,
to prove the consistency of the ongoing ex-
perimental studies and, furthermore, pos-
sibly validate the measurements against
numerical results.

Regarding meteorology, a new measure-
ment campaign will allow for a better
understanding of the environmental con-
ditions an offshore wind turbine is likely
to undergo. The collected data will serve,
among others, the modelling and calcula-
tion of the wind profile as a function of the
height; this will then be part of the load as-
sumptions.

The project is a co-operation with the Uni-
versity of Stuttgart, AREVA Wind GmbH
and Senvion SE.

Project Description

Control

Control plays a vital role in offshore wind
energy applications, due to the particularly
harsh combination of wind and sea condi-
tions. Secondly, the diversity of currently
available support structures on the mar-
ket poses a higher degree of complexity.
Therefore, it is particularly rewarding to
design an effective control system, tailored
to reduce loads and ensure sufficient qual-
ity standards in terms of both system safety
and power output. As a general purpose, it
would be of great advantage disposing of
a control system able to adapt its behavior
depending on the ongoing operational con-
ditions. A possible interesting solution is to
couple the control systems with the condi-
tion monitoring system: in this scenario,
the best combination of control methods
will be active only when the condition

monitoring system retrieves an alert. By
means of such an integrated module, it will
be possible to extend the lifetime of criti-
cal components such as the pitch actuators,
while reducing loads and lowering needs
for unscheduled maintenance. The so far
collected results clearly show the potential
of such a technique.

Meteorology

On a first step, the ability of the Weather
Research and Forecasting Model (WRF) to
describe the wind conditions in the lower
atmosphere over the North Sea has been
validated: hence, several planetary bound-
ary layer (PBL) schemes using diverse
meteorological data as boundary condi-
tions were compared. The quality of the
boundary conditions strongly differ among
meteorological re-analyses [1] and thus in-
fluence the performance of PBL schemes:
the major source of error is introduced by
the driving boundary conditions and not by
the different meso-scale models.

Secondly, the analysis focuses on the tur-
bulent kinetic energy (TKE) and the at-
mosphere’s thermal stability are important
to estimate power production and loads.
The TKE is of especial interest because
the Master Length Scale of some closure
schemes show a TKE-dependency. There-
fore, the results deriving from wind meas-
urements have been validated. Because
the considered heights are larger than
available data from offshore met-masts,
LiDAR observations and higher onshore
met-masts data were also employed. The
next goal is applying the WRF model to
determine the wind conditions at sites
without measurements.

Stochastic processes
The framework of this project has been
borrowed from statistical physics and



Annual Report 2013 / 2014

13

0,01

0.0001

2.0
£ (107s)

Figure 2: Torque time series and its incremental distribution

properly adapted to the analysis of mul-
tivariate data comprising wind velocity,
power production and load measurements,
taken at a single WEC. During 2013 (Sep-
tember-December) we prepared the data
from Senvion's single WECs in the off-
shore Wind Farm Alpha Ventus and ana-
lyze its main statistical properties, namely
the joint probability density function (PDF)
for both wind speed and torque (see Fig.
1) and the torque increment distributions
computed for different time-lags t (see Fig.
2). From the empirical PDF it will be now
possible to derive the evolution equation
of the torque, constrained to the observed
wind speed, enabling to reconstruct the
torque time-series and increment statistics.

Summary

Scope of the project OWEA Loads is to
supply the required parameters for the
design of the next generation of offshore
wind turbines. The analysis will span sev-
eral fields of expertise. The integration of
new and advanced control methods to both
alleviate severe load configurations and
reduce material expenditure; the further
development of novel models to integrate
the load assumption requirements. Finally,
the in-depth assessment and validation of
load and strain measurements, in order to
achieve a more consistent insight of the
actual condition an offshore wind turbine
experiences while operation.
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Introduction

The research project Baltic I focused on
an improved operation of offshore wind
farms, which is achieved by the enhance-
ment of power and load monitoring, wind
power predictions and by new strategies
for operational management of individual
wind turbines and whole wind farms.

The research project was carried on the first
commercial offshore wind farm in Germa-
ny “EnBW Baltic 17, which is formed by
21 Siemens 2.3-93 wind turbines, located
north of the peninsula ‘Darf3-Zingst’ in the
Baltic Sea. The location and layout of the
wind farm provided interesting conditions,
since its short distance to the coastline al-
lows, from a scientific point of view, study-
ing land-see flow interaction and its trian-
gle-shaped layout creates different wake
propagation scenarios.

Project Description

Power output monitoring

The Baltic Sea region is characterized by
an interaction of onshore and offshore
wind conditions, which results in a domi-
nation of stable atmospheric stratification
due to high latitudes. Within the project,
the coastal wind regime in the Baltic Sea
has been investigated in more detail us-
ing the Weather Research & Forecasting
(WRF) model. A hub height wind field dur-
ing stable stratification obtained from these
simulations is shown in Fig. 1.

The wind field reveals streaks which origi-
nate in local changes of the land use (e.g.
forest alternating with farm land) and cor-
responding roughness length differences
close to the coastline. Slight changes in
wind directions can then lead to advection
towards the wind farm location and hence
strong wind power fluctuations, which can
be recognised in the power output of the
wind farm [1].
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Figure 1: Hub height wind field from WRF
simulations during stable atmospheric
stratification on July, 23rd, 2012 -
1200UTC. The extension of the “EnBW
Baltic 1" wind farm is indicated by the
grey triangle

Load Monitoring

Despite its importance, loading history of
individual turbines is usually not recorded
during operation due to its high costs.
Therefore, predicting fatigue loads using
only statistics of standard SCADA signals
has been investigated using various data
mining techniques, i.e. multilinear regres-
sion, neural networks, K-nearest neigh-
bors. The selection of predictors is a ma-
jor challenge in such data driven modeling.
Vera-Tudela and Kiihn [2] systematically
analyzed potential input variables with fil-
tering, clustering, stepwise regression and
principal component analysis (May, 2011).
More than 100 variables have been used to
estimate the damage equivalent load of the
blade root out-of-plane bending moment,
as displayed in Fig. 2. As a result, the high
variability of inputs selected in previous
research could be explained and the au-
thors were able to make similar predictions
using only nine input variables: wind speed
(mean (m) and standard deviation (sd)),
electrical power (m), generator rotation
(m), nacelle side-side acceleration (sd), na-
celle fore-aft acceleration (sd), pitch angle
(m, minimum and maximum). The results
lead to a more robust, yet simpler load
monitoring system.

Wind power prediction and grid integration
Accurate wind power forecasts are an im-
portant aspect for trading wind power on
the energy market. In addition to single-
valued deterministic forecasts, probabilis-
tic forecasts provide estimates of the fore-
cast uncertainty, which lead to more value
for the operational management of a wind
farm.

Raw ensemble wind forecasts from en-
semble prediction systems are subject to
forecast biases and unreliable forecast un-
certainties. As highlighted by Junk et al.
[3], the bivariate adaptive wind vector cali-
bration (AUV) is a promising calibration
method that improves the reliability of the
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Figure 2: Number of times a variable has been used as input to monitor fatigue load
of blade root bending moment in previous researches

forecasts and outperforms methods such as
ensemble model output statistics (EMOS).
The transformation of the calibrated wind
ensemble to wind power requires a suit-
able power curve model. The application
of artificial neural networks (ANN) to train
power curves at each turbine at “EnBW
Baltic 1” reduces the forecast errors com-
pared to the manufacturers’ power curve.
The consideration of all improvements
leads to AUV-calibrated ensemble fore-
casts with reliable forecast uncertainties
and up to 18 % improvements in the Con-
tinuous Ranked Probability Score (CRPS),
as proven in Fig. 3.
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Figure 3: Improvement in the Continuous
Ranked Probability Score (CRPS) [%] for
wind power forecasts at “EnBW Baltic 1"
with lead times up to 0-72 h

The analog ensemble technique is another
promising method that can generate proba-
bilistic wind power forecasts. It has the
advantage that a power curve model is not
required and that the uncertainty informa-
tion is generated from purely determinis-
tic forecasts rather than existing ensemble
forecasts from ensemble prediction sys-
tems (Junk et al. [4]).

Decision model for operational
management

To provide a basis for the assessment of the
economic risk of direct marketing, finan-
cial and forecasting data has been analyzed
to develop various trading strategies. A
simulation was implemented that evaluates
the costs and revenues of different direct
trading approaches in comparison to the
fixed feed-in tariff according to the present
German renewable energy law (EEG).

It becomes apparent that the varying prices
for balancing power have a huge impact
on the asset. Thus, improving the qual-
ity of the wind power prediction does not
automatically lead to an increase of the
profit. As long as the current market bo-
nus scheme is in effect, the financial profit
at the stock market is almost free of risk
and above the level of the fixed feed-in
tariff. Without financial aid the crucial pa-
rameter is the monthly average price at the
stock market. In those cases direct trading

is normally more beneficial than the fixed
feed-in tariff. In months with lower aver-
age price the balancing power price and the
quality of the forecast decides about loss
or profit.

Summary

The joint research of scientists and a wind
farm owner and operator in this project fo-
cused on the optimization of operational
strategies for large offshore wind farms by
enhanced wind power predictions as well
as power and load monitoring. The devel-
oped methods shall allow a better operation
of individual wind turbines and entire wind
farms and could be integrated in commer-
cial wind farm management systems.
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Introduction

During the design and the operation of a
wind farm it is necessary to consider the
mutual aerodynamic interaction of tur-
bines. Wake flow conditions are leading
to substantial losses in the energy yield as
well as increases in structural loads due to
larger inhomogeneity in the inflow. The
effects are particularly strong at short dis-

tance behind the wake generating turbines
and limit the minimum distances between
turbines positioned in a wind farm.

The joint research project CompactWind
focuses on the development of turbine and
wind farm control concepts for influencing
the flow in wind farms to reduce the impact
of wake flow conditions. The aim is to max-
imize the energy yield of a wind farm with
respect to its area without a disproportional
additional loading of the turbines. This
should allow a more efficient and more eco-
nomic use of the limited number of onshore
sites that guarantee high energy yields. The
project is carried out in cooperation with the
component manufacturer “Robert Bosch
GmbH”, the turbine manufacturer and
wind farm developer “eno energy systems
GmbH” and the “Wind Energy Institute” of
the TU Miinchen.

Project Description

Wind farm control

Concepts for systematically influencing the
characteristics of wakes are commonly re-
ferred to as active wake control and have
recently become an important topic in wind
energy research. Proposed methods include
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the deflection of the wake behind a turbine
caused by active yaw misalignment and in-
dividual pitch control. In order to choose the
ideal operation strategy for the wind farm
in particular ambient conditions, detailed
knowledge about the current flow in the
farm and its future propagation is required.
Within the research project different con-
cepts for mitigating the effects of wake flow
will be investigated in simulations, wind
tunnel experiments and in a free field cam-
paign for advancing in the development of a
sophisticated wind farm controller.

Investigation of concepts

The downstream development of a wake
deficit is dependent on the incoming flow of
the atmospheric boundary layer. As a con-
sequence the atmospheric stratification and
the related varying vertical wind shear and
turbulence intensity cause a large fluctua-
tion in the power yield of wind farms [1].
Considering these parameters in models for
wind farm control is therefore necessary
to evaluate the impact of control strategies
based on flow alteration (Fig. 1) [2].

Within the scope of the joint research pro-
ject a new simulation code based on an ap-
proach combining large-eddy simulations
(LES) of the flow with an actuator line

05 LE] 15

Figure 1: Mean wake deficit and turbulence intensity five rotor diameter behind a yawed wind turbine (20°) in a stable stratified
boundary layer. Black circle denotes rotor position.
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representation of the wind turbines, includ-
ing their control system and aeroelastic
characteristics, has been developed for a
comprehensive and realistic overall turbine
representation (Fig. 2)[3]. A second com-
putationally less demanding model based
on an improved actuator disc representa-
tion of the turbine is additionally used if a
less detailed turbine response is sufficient.
LES wind fields with high spatial and tem-
poral resolution for different atmospheric
parameters are used as initial conditions
for the simulations.

Both numeric tools allow for a better un-
derstanding of the flow development in a
wind farm and the wind turbine-flow inter-
action.

For the validation of the simulation results
measurement campaigns in an atmospheric
wind tunnel with aeroelastically scaled
models of up to 2 m diameter and in the free
field on a multi-megawatt wind turbine of
eno energy systems will be conducted. The
wind tunnel experiments allow to further
investigate the aerodynamic interaction of
multiple turbines in a wind farm configura-
tion in a controlled environment. Whereas
the measurements at the eno turbine in the
free field with two nacelle mounted long-
range-LiDAR systems and load sensors
give the opportunity to verify the transfer-
ability of the control concepts under real
conditions and to directly observe the im-
pact of the applied strategies on the struc-
tural loads of the turbine.

Summary

Within the joint research project Com-
pactWind the flow in wind farms and how
it can be influenced by different turbine
control concepts to increase the overall
farm energy output and reduce the struc-
tural loads on the individual turbines is
studied. New control strategies for the in-
tegration in commercial wind farm control
systems are derived and validated in large-
eddy simulations, wind tunnel experiments
and in free-field flow and load measure-
ments at multi-megawatt turbines.
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Introduction

IRPWIND [1] is an integrated research
programme that combines strategic re-
search projects and support activities
within the field of Wind Energy, with the
aim of leveraging the long term European
research potential. The concept behind this
programme is built on the success of ex-
isting initiatives supporting the SET Plan
Agenda such as the European Energy Re-
search Alliance Joint Programme on Wind
Energy, whose organizational structure
and participation is mirrored in this con-
sortium. IRPWIND moves beyond the de-
livery of research projects and integrates
capacities and resources around the devel-
opment of high risk technologies, allowing
Europe to maintain its global competitive
leading position in terms of research excel-
lence and implementation of wind power
technologies. Several technical and col-
laborative gaps, currently hampering the
next generation of wind energy technolo-
gies, have been identified. It is these gaps
that IRPWIND now proposes to bridge,
with a team that gathers 24 partners and
the critical mass of research performers
within wind energy across Europe. Besides
the research needs identified, the analysis
showed a current emphasis on short to

on Wind Energy

medium term research and demonstration,
whereas IRPWIND clearly focuses on the
medium to long term research.

Openness of the programme is achieved
through the implementation of 2 pilot
funding schemes: one promoting mobility
of experienced researchers and other ac-
commodating shared use of infrastructures
to carry out experiments at multiple facili-
ties all over Europe. IRPWIND will pro-
vide a European added value by promot-
ing joint collaborative projects and overall
reinforcement of research excellence, in a
sector which will be key to Europe’s sus-
tainability and economic growth. The ulti-
mate goal of IRPWIND is to accelerate the
route to market for breakthrough innova-
tions, and ultimately to contribute to reach-
ing the ambitious European objectives for
wind energy generation towards 2050.

Project Description

At ForWind Oldenburg the research groups
Energy Meteorology and Wind Energy
Systems are involved in IRPWIND.

The research group Wind Energy System
participates in workpackage 63 (“Design
of offshore wind farms — Model develop-
ment”) and leads the task on wind turbine
control. Furthermore, the research group
Wind Energy System contributes to the task
on and wind farm array control concepts.

The research group Energy Meteorology
participates in workpackage 82 (“Forecast-
ing Tools for Wind Power Plant Opera-
tion”) and leads three tasks. One task was
to conduct an online survey on future data
requirements for wind power integration in
Europe.

The two other task deal with upscaling al-
gorithms of wind power in Europe under
the aspect of a minimal set of reference

sites for optimal estimates and the impact
of low data quality on the derived esti-
mates.

Summary

The online survey was distributed amongst
stakeholders of the wind energy sector in
several European countries. Twenty evalu-
able answers were collected. The evalu-
ation of the survey is not finalized, yet.
However, fom the answers provided to the
questionnaire three main conclusions can
already be drawn:

1. Current data quality is mostly rated 'fair'
(Fig. 1)

2. Data use is expected to increase during
the next years especially due to grown
wind power penetration, technological
advances and changed regulations.

3. Data sharing amongst stakeholders
needs to be increased (Fig. 2).

The research at new and advanced upscal-
ing algorithms for monitoring European
wind power (Fig. 3) can be subdivided into
two challenging steps: a) selection scheme
of representative reference sites and b) up-
scaling approach that combines the refer-
ence sites in an optimal way.

Firstly, time series of hourly wind energy
production for entire Europe on a 7 km x 7
km grid have been simulated for a 35 year
period. The aggregated wind power feed-in
based on grid-point level is regarded as the
“true” feed-in. Statistical downscaling was
applied beforehand to MERRA [2] reanal-
ysis data in order to improve the quality of
simulated wind power.

Tests for a basic reference site selection
scheme based on cluster analyses have
been performed and the effect of the num-
ber of reference sites on the upscaling esti-
mate was investigated for Europe. The skill
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quality as rated by stakeholders.
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Figure 2: Barplot reflecting the need
for increased data sharing amongst
stakeholders.
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Figure 3: Selection of reference sites and an appropriate upscaling model is required

to monitor European wind power adequately.
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Figure 4: Correlation and RMSE versus the number of reference sites used for the

upscaling for a one year testing period.

is measured by the correlation coefficient
between the simulated feed-in and the up-
scaling estimate. The root mean squared
error (RMSE) is used, too. As can be seen
from fig. 4 approximately 25 reference
sites in Europe seem to be appropriate to
achieve low RMSEs as well as high cor-
relation.
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Introduction

IRPWIND is a large EU project in the wind
energy sector with 24 international part-
ners. Its aim is to foster better integration
of European wind energy research activi-
ties with the objective of accelerating the
transition towards a low-carbon economy
and of maintaining and increasing Eu-
ropean competitiveness. In this context,
IRPWIND includes several non-research
aspects (work packages WP 1-5) that are
intended to improve the European collabo-
ration. An example is the mobility call for
experienced researchers (WP 5) to transfer
knowledge. In research, IRPWIND focuss-
es on three main aspects. The first one is
the optimization of wind farms through the
validation of integrated design models (WP
6). The second one is the reduction of the
uncertainty in order to increase efficiency
and reliability of future wind turbines (WP
7). The last one is the transformation of the
energy supply system (WP 8). LUH is in-
volved in all three research aspects.

on Wind Energy

Project Description

IRPWIND with more than ten WP and
about 50 tasks covers a broad range of top-
ics in the wind energy sector. That is why
only some WP in which LUH was involved
can be presented here. Therefore, the fo-
cus is on task WP 7.2.2 and 7.4.2. Since
IRPWIND started in March 2014, only a
first few preliminary results can be shown
in addition to a description of the planned
work.

In Task 7.2.2, experimental geotechnical
tests with model structures in large scale
will be designed and performed, to sup-
port probabilistic calculations and evalua-
tion of reliability for offshore wind turbine
support structures and their foundations
(performed under WP7.4). The experimen-
tal tests will be in the new "Test Center
for Support Structures" in Hannover. The
tests are intended for the evaluation of the
maximum static bearing capacity of mainly
axial loaded piles. With the gained data it
will hopefully be possible to get better un-
derstanding of the model error of API and
CPT based methods. Task 7.2.2 is led by
ForWind-Hannover with the contribution
of Fraunhofer IWES and AAU. Within
2014, the tests were basically planed and
there is a time schedule for them. It is pro-
jected to perform the pile tests in October
or November 2015. The planned geom-
etries are given in Table 1 and an installa-
tion plan is given in Fig. 1.

In Task 7.4.2 probabilistic calculations and
the evaluation of reliability for offshore
support structures (substructures) will
be performed based on geotechnical and
grouted connection tests results of WP 7.2.
A probabilistic model will be developed
for modelling stiffness and strength of soil
parameters and for modelling geotechni-
cal load bearing capacity of wind turbine
foundations. Comparison of calculated

and measured (task 7.2.2) results will be

performed for verification and validation
of assumed stochastic variables used in
the models. Probabilistic designs based on
soil-structure interaction data (task 7.2.2)
and deterministic designs will be compared
in order assess the weight saving potential
of probabilistic design.

Summary

Since IRPWIND only started in March
2014, only a few results are already avail-
able. Nevertheless, the joint experiments
in task 7.2.2 are already planned in detail
within a European collaboration (For-
Wind-Hannover, IWES, and Aalborg Uni-
versity) So, it will be possible to use the
same experiments for various subsequent
numerical studies in WP 7.4.
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D [mm] L [m] Ltot [m] L/D t[mm] D/t Di [mm] Weight [t]
Pile 1 273,0 5,7 6,9 20,9 5,0 54,60 263,00 0,23
Pile 2 273,0 6,7 79 24,5 5,0 54,60 263,00 0,26
Pile 3 3556 5,7 6,9 16,0 6,3 56,44 343,00 0,37
Pile 4 3556 6,7 79 18,8 6,3 56,44 343,00 0,43
Pile 5 355,6 5,3 6,5 14,9 6,3 56,44 343,00 0,35
Pile 6 3556 6,7 79 18,8 6,3 56,44 343,00 0,43

Table 1: Planned geometries of the piles

O Piles to be installed

$ Position of geophone, z =-6.8 Installation order: 1, 4, 3, 2, 5, 6.
4.75
2.50 2.25
1.64
J RN O

Pile 2 Pile 1
2.13

Pile 5 OPile 4 $

9.00
213
O Cabling
Pile 6 : Pile 3 ™~ 5.25
3.98
Tm 2m
F————
14.00

Figure 1: Installation plan of the piles
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Introduction

INNWIND.EU is the follow-up of the re-
cently finished project “UpWind” address-
ing the vision of a 10-20MW wind turbine.
This project identifies further development
and innovation needs on system, subsys-
tem, and component level to achieve the
objective of a high performance wind
turbine beyond the state-of-the-art. It fa-
cilitates the realization of 10-20MW wind
turbines by innovations on component
level and decreases their time to market for
under the premise of cost effectiveness by
necessary cost reductions of around 20%
for the overall system. The project has a 5
years duration and 27 European partners
are involved.

The project is subdivided in six work pack-
ages as shown in fig. 1. The work packages
can be divided in integrating, embedding
and innovative subcomponent based pack-
ages. The three subsystem work pack-
ages are focusing on the light weight ro-
tor (WP2), innovative, low-weight, direct
drive generator (WP3), and standard mass-
produced integrated tower and substructure
(WP4). WP1 is integrating the innovations
in conceptual designs and also focusing on
external conditions, wind turbine control
and economical assessment. WP 5 and 6
embed the project by being responsible for
the management and the dissemination and
exploitation.

WP2: Light weight Rotor

W3 Electro-Mechanical

Conversion

WP Conceptual Design

WP4. Offshore Support Structure

VWS Dissermination,
Exploitation

WPFE. Project Management

Figure 1: Overview over matrix structure of WPs in INNWIND.EU [1]
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ForWind — University of Oldenburg par-
ticipates in the three Work Packages 1, 2,
and 4 and is leading Task 1.1. “External
conditions” and Task 4.1. “Innovations on
component level for bottom-fixed support
structures” and is co-coordinating WP4.

INNWIND.EU is funded by the European
Community’s Seventh Framework Pro-
gramme FP7-ENERGY-2012-1-2STAGE
under grant agreement No0.308974
(INNWIND.EU).

Project Description

In WP1, ForWind — University of Old-
enburg, namely the Energy Meteorol-
ogy group, is leading the INNWIND Task
1.1. on modelling the wind conditions up
to 300m height. These wind conditions
are crucially important for the design of
the foreseen 10-20MW offshore turbines
with rotor diameters of up to 250 m and
maximum tip heights of up to 300 m. Over
such a height range, massive changes in
wind speed, wind direction and turbulence
can occur, which induce high loads in the
blades and the whole turbine. In order to
model these conditions correctly, it is of
utmost importance to simulate the thermal
stratification of the marine boundary layer
in detail and then to compute the respective
heat and momentum fluxes.

In WP2, ForWind — University of Olden-
burg, namely the Turbulence, Wind Energy
and Stochastics group, is involved in the
demonstration and validation of new con-
trol concepts by experiments at a medium
scale turbine reproducing atmospheric tur-
bulence in a wind tunnel. The task here is
to design and built an active grid for the
open jet facility [2] of the Delft Univer-
sity of Technology. This wind tunnel has
a cross section of 3 times 3 m? and will be
used for some of the experiments in the
work package.

WP4 addresses the challenges for the sup-
port structure in the 10-20MW wind tur-
bine class. ForWind — University of Old-
enburg, namely the Wind Energy Systems
group, is co-leading the Work Package and

is coordinating Task 4.1. The combination
of large water depth and tall hub height
due to the large rotor, as well as large
thrust forces and dynamic loading results
in strongly increased demands for the sup-
port structure. Furthermore, the increased
rotor diameter yields in low rotational
speeds and therefore possible excitations
of the natural frequency of the relatively
stiff support structure by the rotor or blade
passing frequency. ForWind — University
of Oldenburg is engaged in load mitigation
concepts both by sophisticated control of
the rotor-nacelle-assembly and optimised
with respect to the support structure as
well as structural control concepts such
as active, semi-active and passive damper
devices. ForWind — University of Hanover
analyses the feasibility of hybrid jackets
comprising classical steel tubes as well
as sandwich elements to improve the ul-
timate limit state strength of bottom-fixed
multi member support structures. For this
purpose an investigation of sandwich ele-
ments on component level is performed in
Task 4.1. The conceptual design of a hy-
brid jacket is made in Task 4.3.

Summary

The first step in WP1 and especially Task
1.1. was to compile and analyze existing
measurements of the offshore wind re-
sources at higher atmospheres. Now the
Energy Meteorology group has set up vari-
ous numerical modeling schemes for the
analysis of different weather situations,
including extreme events. Especially, the
results with the meso-scale model WRF
using the MYJ-scheme for the Planetary
Boundary Layer (PBL) proved to be the
best technique, compared to other mod-
els and PBL-schemes. The next step will
be the implementation of these results in
simpler 2-dimensional and engineering
models.

In WP2, atmospheric-like turbulence with
defined stochastic properties for the experi-
ments should be generated with the grid.
For that, excitation protocols controlling
the motion of the grid flaps are generated
and the scaling behaviour of turbulence

generated by smaller active grids to larger
devices are investigated. First experiments
were carried out and improved active grid
designs are under development, which will
be continued in the next year.

In WP4, the reference support structure
was implemented in several aero-elastic
simulation codes by the partners. Com-
parisons of the dynamic behaviour and first
simulations regarding the reference design
loads were undertaken. The first results
proof the issue of resonances in the lower
rotor speed band. The requirements for the
support structure led to a relatively stiff
support structure which resulted in com-
bination with the tower to a first natural
frequency around 0.3 Hz which coincides
directly with the lower rotational speed
limit of 6 rpm. The excitations conduct to
highly promoted fatigue loads in the lower
rotor speed band. As a first measure, the
rotational speed was adjusted to the sup-
port structure design window. As a next
step load mitigating controls and structural
control will be applied to evaluate their in-
fluence on the design driving fatigue loads.

References
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Introduction

The research project with a total of 27 Eu-
ropean partners 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 overall ob-
jectives of the INNWIND.EU project are
the high performance innovative design of
a beyond-state-of-the-art 10-20MW oft-
shore wind turbine and hardware demon-
strators of some of the critical components.

Project Description

The overall objectives of the INNWIND.
EU project are the high performance inno-
vative design of a beyond-state-of-the-art
10-20MW offshore wind turbine and hard-
ware demonstrators of some of the critical
components. These ambitious primary ob-
jectives lead to a set of secondary objec-
tives, which are the specific innovations,
new concepts, new technologies and proof
of concepts at the sub system and turbine
level. The progress beyond the state of the
art is envisaged as an integrated wind tur-
bine concept with a light weight rotor hav-
ing a combination of adaptive characteris-
tics from passive built-in geometrical and
structural couplings and active distributed
smart sensing and control, an innovative,
low-weight, direct drive generator and a
standard mass-produced integrated tower
and substructure that simplifies and unifies
turbine structural dynamic characteristics
at different water depths.

The Institute of Structural Analysis is in-
volved in work package 4 (offshore foun-
dations and support structures). Here, the
objective is the preliminary design of a
hybrid jacket that comprises classical
steel and so called sandwich tubes. Sand-
wich tubes usually have a non-metallic
core which might be an elastomer, grout
or concrete, enwrapped with steel faces
at the inner and outer diameter. Due to the
considerably better buckling behaviour of
sandwich tubes compared to steel tubesit
seems possible to reduce the entire costs
for the substructure and hence offshore
wind energy in this way. But there are
many issues that have to be solved before
an application of sandwich tubes for off-
shore structures is possible.

Summary

INNWIND.EU will develop conceptual
designs for large scale wind turbines be-
tween 10MW and 20MW and utilize pub-
lic results from respective national projects
that the partners are involved in to accel-
erate the progress in designing the 20MW
wind turbine. Offshore turbines have tech-
nical needs not required for onshore tur-
bines due to more demanding environmen-
tal exposure and much higher maintenance
costs. This project will deliver significant
knowledge for the development of large
scale offshore wind farms in deep water
terrains, which will pave the way for much
higher installed capacity and electricity
penetration than seeable with today’s tech-
nology. The Institute of Structural Analysis
will add value to this by the utilization of
innovative materials in offshore substruc-
tures for turbines beyond state-of-the-art.
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Figure1: INNWIND.EU reference jacket —jacket design with sandwich braces
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Introduction

INNWIND.EU is a project with 27 interna-
tional partners that focuses on innovative
and high performance designs of beyond-
state-of-the-art 10-20MW offshore wind
turbines. The Institute for Drive Systems
and Power Electronics (IAL) is involved
in project subtasks that address possible
power electronic converter concepts, feasi-
ble for this power range and the investigat-
ed generator concepts. Considered power
electronic converters are 3-level NPC con-

System |

] -] @

verters, Modular Multilevel Converters in
back-to-back configuration, modular mul-
tilevel direct AC/AC converters and con-
verters with an additional active filter. The
two generator concepts are a superconduct-
ing generator and a so-called pseudo direct
drive with a “magnetic gear” integrated in-
side the generator.

Project Description

The power electronic task of INNWIND.
EU can be divided into two parts. The first
one is a general comparison of convert-
ers for high power offshore wind turbines
based on new power semiconductors, and
new topologies (modular multilevel). Sec-
ond, power electronics tailored to the su-
perconducting generator and the pseudo
direct drive are investigated.

Within the first subtask, the IAL is respon-
sible for the comparison of modular mul-
tilevel direct AC/AC converters. Namely,
these converters are the Modular Multi-
level Matrix Converter (MMMC; [1], [2],
[3]; Fig. 1) and the Hexverter ([4], [5], [6];
Fig. 2).

Muodule Module

The comparison is based on different per-
formance indicators (e.g. required semi-
conductor switching power, capacity de-
mand, inductor demand, efficiency), and a
cost and size estimation is conducted. An
excerpt of the first subtask results for one
generator configuration can be seen in
Table 1 and Table 2.

Which topology is most advantageous for
a scenario depends on the ratio between
semiconductor and capacitor costs and the
modules offset cost (driver, electronics,
etc.) and the cost for mechanical construc-
tion. For high power with higher semicon-
ductor and capacitors costs, the MMMC is
the preferable topology. In case of lower
power, for which mechanical costs and
module offset cost have a higher influence,
the Hexverter can be advantageous. Under
the chosen assumptions for the different
cost components, the Modular Multilevel
Matrix Converter turned out to be superior
for the investigated scenarios. Additionally
to the comparison, the Modular Multilevel
Matrix Converter and Hexverter design
parameters have been verified by a simu-
lation.

T U Ly

System 2

- - l

Figure 1: Modular Multilevel Matrix Converter Figure 2: Hexverter
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Topology Number of Required Total capacity | Maximum Efficiency
Modules switching demand stored energy
power in inductance
Hexverter 48 494 MW 2.8F 5.6 kJ 97.8%
MMMC 63 328 MW 1.3F 5.9kJ 98.3%

Table 1: Performance indicators for a maximum power of 10 MW, nominal generator voltage of 3.3 kV, and nominal
generator frequency of 25 Hz; given efficiency at nominal active power without reactive power.

Topology Number of Required Total capacity | Maximum Efficiency
Modules switching demand stored energy
power in inductance
Hexverter 48 494 MW 23.2°F 5.6 kJ 97.8%
MMMC 63 497 MW 20F 8.8kJ 98.4%

Table 2: Performance indicators for a maximum power of 10 MW, nominal generator voltage of 3.3 kV, and nominal
generator frequency of 2.5 Hz; given efficiency at nominal active power without reactive power.

Other partners involved in this subtask en-
hance the comparison by contributing the
performance indicators for the Modular
Multilevel Converter, 3-level NPC convert-
er, and topologies with an additional active
filter.

Future work will concentrate on the second
subtask. In this subtask, IAL is responsible
for a converter design tailored to the pseu-
do direct drive. The converter for the su-
perconducting generator will be designed
by other project partners.
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Introduction

Wind energy systems have to operate in
the turbulent atmospheric boundary layer,
which is dominated by highly complex and
instationary flows. Consequently, the use
of complete and rigorous approaches to
the complex dynamics of wind energy con-
version is necessarily very much limited.
Stochastic methods and stochastic model-
ling offer an efficient alternative approach.
Few crucial variables are separated from

Stochastic Processes

the larger number of less important ones,
which are represented by simplified noise
terms. This leads to compact models which
are computationally highly efficient, nev-
ertheless covering the essential dynamics.
Moreover, noisy components are neither
neglected nor averaged out, but their con-
tribution to the dynamics can be precisely
analysed by advanced methods. Especially
in atmospheric flows the level of complex-
ity is generally very high. The application
of stochastic methods has already lead to
practical approaches in several cases.

Project Description

Turbulent character of wind energy
The effect of the turbulent atmospheric wind
on the statistics of the electric power output
of wind energy systems has been systemati-
cally investigated. Typical properties of tur-
bulence have been found to be fed into the
electrical grid, such as pronounced heavy-
tailed statistics of extreme fluctuations and
complex correlations on spatial scales up
to hundreds of kilometers. A publication in
a high-level physics journal [1] has found
significant resonance [2].

Stochastic rotor model for wind turbine
simulations

A stochastic approach to model the dynam-
ics of aerodynamic forces on wind turbine
blade elements in unsteady inflow has been
developed during the recent years [3]. In
2013, this model was integrated into the
aerodynamic simulation software package
FAST/AeroDyn as an alternative to the
static table lookup approach in the classi-
cal blade element momentum (BEM) con-
cept. The comparison of force time series
obtained through classical and stochastic
AeroDyn shows that the latter generates
additional dynamic force fluctuations, see
fig. 1. The classical AeroDyn only follows
the mean of the local fluctuations and ne-
glects information on the force dynamics.
Furthermore, the statistical comparison
in terms of increment probability density
functions (PDF) gives consistent results.

Langevin Power Curves and monitoring
of wind turbines

The well-known concept of the Langevin
Power Curve (LPC) [4][5] is able to deter-
mine the energy conversion dynamics of
wind turbines directly from measurements
of wind and electrical power output, inde-
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Figure 1: Excerpt of time series of static and modelled lift coefficient C, for a blade element. Red color represents the static results
obtained by the original AeroDyn code, and black the coefficients obtained from the stochastic model.
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pendent of the site conditions. A detailed
study of convergence, parameter depend-
ence, and data requirements of the Lan-
gevin power curve concept had been con-
ducted already in 2012. In 2013, this study
could be completed and a publication was
submitted [6].

Langevin Power Curves for Wind Farms
The LPC method has been extended to
characterize and model the power perfor-
mance of wind farms. As an additional var-
iable the wind direction is considered. The
resulting power characteristics turn out to
be especially precise and well-behaving,
compared to single WEC. Furthermore, in
the case of a wind farm, a new parameteri-
zation of both drift and diffusion functions
allows for a much simplified description.
The practical application of the method
will significantly benefit from these find-
ings [7]. An example of the drift field,
LPC, and IEC power curve of a wind farm
is given in fig. 2.

Dynamics and intermittency of load
fluctuations in wind energy converters
As a contribution to the research project
OWEA Loads (see there), load measure-
ments in offshore wind energy converters
(WEC) are investigated. Available methods
are extended to the analysis of multivariate
data of a single WEC. In 2013 measure-
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Figure 2: Excerpt of time series of static
and modelled lift coefficient C for a blade
element. Red color represents the static
results obtained by the original AeroDyn
code, and black the coefficients obtained
from the stochastic model.

ment data have been prepared and their sta-
tistical properties analyzed. As next step, a
stochastic evolution equation of the torque
shall be derived. A further challenge will
be the design of a load model which uses
multivariate operational data of the WEC
instead of a wind speed measurement.

Interaction and dynamics of turbines in
a wind farm

Special attention has been given to the
mutual influence and interactions between
single turbines in a wind farm. Differ-
ent methods from the fields of stochastic
methods and nonlinear dynamics have
been explored to gain more insight in these
processes. By deriving a synchronization
measure for different turbines it could be
shown that synchronized states tend to be
connected to extreme fluctuations in elec-
trical power output (compare SEE). The
electrical interaction between turbines in
electrical networks was studied using an
extended Kuramoto equation to model the
behavior of coupled oscillators.

Stochastic method for in-situ damage
analysis

The concept of the LPC was extended
for early and reliable detection of dam-
age to mechanical structures [8]. It could
be shown that changes in mechanical
properties are sensitively detected even in
changing working conditions, as they are
especially typical for WEC. This work was
selected for special reports [9].

Summary

Stochastic methods have been further de-
veloped to follow the evolution of chal-
lenges in wind energy research and indus-
trial applications. Especially problems and
applications concerning interactions within
and energy conversion dynamics of wind
farms are experiencing growing relevance
and attention. Besides incorporating im-
provements from the literature, extensions
of existing stochastic methods have been
conducted for improved estimation and
analysis of noise terms as well as for multi-
dimensional systems.
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Introduction

The growing number of plants at sea, a
varied demand for electricity and possi-
ble downtimes require an optimization of
the maintenance of offshore wind turbine
generators (WTG) in the future. Especially
unplanned downtimes lead to additional
maintenance effort and thus to higher
maintenance costs.
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Project Description

In the project “prelnO* tools and methods
for the realization of the pro-active main-
tenance are being developed by means of
artificial intelligence and automatic self-
organization. These are then validated by
means of a demonstrator. Great optimiza-
tion potentials concerning the deployment
of personnel, spare parts and transport are
hoped for. The project will be implemented
in cooperation with a turbine manufacturer
and a software developer.

The objective of the project is to research
comprehensive methods and tools taking
several data sources into account that can
be used for a proactive maintenance strat-
egy of the service of WTG. To enable an
accurate prognosis about the condition
of a component, a variety of data sources
such as sensor values, statistic data, main-
tenance data from the maintenance history
file, externalized staff know-how, weather
data as well as stock inventory and personel
planning are analyzed and automatically
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linked to a relevant event. The prioritiza-
tion of the detected errors, the dynamical
planning of the scope of maintenance and
the scheduling into the work flow with cor-
responding logistics using decentralized
controlling systems are based on the points
of the project that are to be researched.
These points of research should enable a
proactive maintenance strategy for WTG.

Summary

Offshore maintenance processes are record-
ed and data sources for an automated deci-
sion support are identified. Based on this,
a basic concept will be developed and the
required methods analyzed or researched.
This will enable an automated prioritization
of detected errors. The acquired knowledge
will flow into the development of a software
module. The developed methods and data
are validated with real data as far as possible
using a demonstrator which is in the course
of development.

Figure 1: Basic concept for a pro-active
maintenance strategy
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Introduction

Shipping is always a joint undertaking of
humans and their technology. The increas-
ing usage of the oceans for transportation,
fishing, exploration and even recreation in-
crease threats for humans, the environment
and even the economy in case of disrupted
supply chains. Consequently, the challenge
faced by marine engineers and the scien-
tific community is designing save and en-
vironment friendly maritime systems.

Project Description

In order to facilitate research in the domain
of integrated and save maritime supervi-
sion, control and assistance technology, the
PhD program "Save Automation of Mari-
time Systems (SAMS)" was approved and
initiated. SAMS is a joint PhD program of
the University of Oldenburg, the Jade Uni-
versity of Applied Science and the research
institute OFFIS. It is funded by the federal
state of Lower Saxony.

SAMS ofters 15 three year scholarships in
a period between 2014 until 2019.

Summary

Joint Phd Program for safety of maritime
Systems.
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Introduction

Critical Systems, i.e., systems whose fail-
ure either endanger human life or cause
drastic economic losses, form the techno-
logical backbone of today's society and are
an integral part in such vastly diverse in-
dustrial sectors as automotive, aerospace,
maritime, automation, energy, health care,
banking, and others.

Project Description

The Interdisciplinary Research Center on
Critical Systems Engineering for Socio-
technical Systems focuss on instances of
such socio-technical systems in the trans-
portation domain, where the overarching
objectives are to achieve safe and green
mobility, through cooperative semi-auton-
omous guidance of vehicles with humans
in the loop, such as in their roles as drivers,
operators, navigation officers, flight con-
trollers, etc., and consider two industrial
sectors key in Lower Saxony, the automo-
tive and maritime domains. Such systems
are safety critical — human errors, techni-
cal failures and malicious manipulation of
information can cause catastrophic events
leading to loss of life. Creating sufficiently
precise real-time mental or digital images
of real-world situations, and assuring their
coherence among all involved actors (both
humans and technical systems) as a basis

for coordinated action is a major challenge
in socio-technical system design. This calls
for constructive approaches involving intu-
itive and scalable patterns of cooperation,
between humans and technical systems,
seeking for a balanced sharing of tasks
best matching both the abilities of humans
and technical systems, or between techni-
cal systems. It calls for insights in under-
standing humans in their interaction with
technical systems. It calls for layered ap-
proaches in aggregating information along
both spatio-temporal and cognitive dimen-
sions. It calls for robust and adaptable
designs, seamlessly catering with adverse
and changing environmental conditions. It
calls for executable and composable mod-
els of socio-technial systems, both humaa
and technical, allowing to adaptively, as
it were, "zoom" into detailed levels when
reaching critical states to provide fine-
grained views of the actual interactions,
as well as the need to aggregate to coarse
views in order to cope with the sheer com-
plexity of such models.

Integrating highly visible research at the
Carl von Ossietzky University of Olden-
burg in safety critical systems, neurosen-
sory systems, and maritime systems, and
foreseen research in its newly founded
European Medical School, the center for
critical systems engineering of socio-tech-
nical systems will create a university-wide
long-term shared research strategy and
build an interdisciplinary research team
covering systems engineering, cognitive
psychology, human-machine interaction,
dependable system design, security engi-
neering, embedded systems, networked
and distributed control, distributed sensors
systems, and health-state monitoring. With
its partners OFFIS, DLR, and SafeTRANS
it integrates deep application know-how,
strong industrial networking guaranteeing
high industrial impact, and a unique dem-
onstration platform for future mobility so-
lutions, AIM. Through its Think Tank, the

Interdisciplinary Research Center on CSE
will set up this shared research strategy.
Through its projects, it will identify pos-
sible solutions and pave the way for a lead-
ing position in acquiring large-scale pro-
jects targeting identified innovation gaps.
Through its living labs it will demonstrate
the high potential of its scientific achieve-
ments. Through its college it will foster
scientists capable of acting as mediators
and catalysers for innovation in this highly
interdisciplinary field. With the boost in
visibility stemming from the establishment
of the Interdisciplinary Center for Critical
Systems Engineering for Socio-technical
Systems, the site Oldenburg will achieve
a poleposition in winning strategic propos-
als both on the national and European level
within its scope.

Summary

The Interdisciplinary Research Center
on Critical Systems Engineering for So-
cio-technical Systems addresses critical
systems, which rely on synergistically
blending human skills with IT-enabled
capabilities of technical systems to jointly
achieve the overarching objectives of the
system-of-systems.



Annual Report 2013 / 2014 133




134

WIND ENERGY INTEGRATION

PhD Program on

“System Integration of Renewable Energies”

Carl von Ossietzky Universitat Oldenburg
Institute of Physics, Research groups:
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Systems; Turbulence, Wind Energy and
Stochastics

Funding: Ministry for Sciences and
Culture of the Federal State of

Lower Saxony, presidential chair of
the University of Oldenburg and EWE
research center NEXT ENERGY

Duration: 07/2012 — 12/2016

Introduction

The joint PhD program "System Integra-
tion of Renewable Energy" of the Univer-
sity of Oldenburg and the Jade University
focuses on the save and economic grid
integration of renewable energy sources.
The research of the 20 (+5 associated) PhD
students is dedicated to wind and solar
power forecast models, the management
and control of smart grid, storage, and
renewable energy and hybrid systems for
geographic and economic planning system
of future renewable energy networks. Five
PhD projects are carried out at ForWind,
Oldenburg.

Project Description

Wind Farm Control (WFC) using a Flow
Interaction Model

PhD Student: Mehdi Vali

Supervisor: Prof. Dr.-Ing. Martin Kiihn

The goal of this PhD project is to develop an
advanced control concept for wind farms.
In comparison of the individual wind tur-
bines, wind farm control (WFC) is much
more challenging due to the aerodynamic
interactions among turbines. These inter-
actions come from the fact that downwind
turbines are in the wake of upwind ones.
Today commercial turbines are regulated
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Figure 1: Schematic demonstration of distributed architecture of wind farm control.

independently regardless of their interac-
tions i.e. greedy control. The amount of
turbine interactions on one hand depends
on time-varying atmospheric conditions
e.g. inflow direction, speed and turbulence,
and atmospheric stability. On the other
hand, individual turbine control settings
can influence the wake-induced velocity
deficit and flow direction. Thus, this PhD
project aims to elaborate the exploration in
WEFC to minimize wake-induced loads and
energy losses. Compared with model-free
WEFC approaches the importance of the
aerodynamic models for WFC is explored
in this research.

Fig. 1 illustrates the used state-of-the-art
control architecture based on the wind tur-
bine axial induction factor (AIF). The engi-
neering Jensen model is utilized to estimate
the wake induced velocity deficit at each
downstream turbine. The high-level AIF-
based WFC is developed using the game
theoretic (GT) approach to distribute pow-
er references which lead to the global pow-
er maximization. The individual WTCs are
adjusted to influence their AIF using torque
and pitch controllers. The effectiveness of
the developed control scheme in power

maximization is evaluated through some
simulation studies.

Summary

The 5 PhD projects deal with different as-
pects how The 5 PhD projects represents
a model chain with respect to temporal
and spatial scales from short-term power
forecasting using Numerical Weather Pre-
diction, mesoscale wind fluctuations, in-
teraction of turbines in a wind farm and
finally the control of single turbines to ease
grid integration and to reduce maintenance
costs. Consequently, the participation in
the PhD Programme ideally supports the
ForWind’s vision to increase the economic
and technical efficiency of wind farms.

References

Vali, M.; Kiihn, M.:Distributed control
of wind farms using a flow interaction
model and a multi-agent approach,
10th PhD Seminar on Wind Energy in
Europe, France, October 2014.
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Introduction

The project Smart Nord (Intelligent Net-
works at North Germany) is funded by
the Lower Saxony Ministry for Science
and Culture and is an interdisciplinary re-
search project in the context of renewable
energies. By the substitution of nuclear en-
ergy by renewable sources we will - with
increasing share of such sources — have to
face a fundamental change in the structure
and control systems of power grids. This
requires research concerning reliability
and climate-friendly as well as affordable
design of renewable energy supplies.

Among the renewable energy sources the
use of wind power and photovoltaic has a
priority in the future and they should be-
come a reliable substitute for conventional
large-scale power plants. The aim of the
interdisciplinary research in Smart Nord is
the development of coordination systems
for efficient embedding of intermittent re-
newable sources and control strategies for
the contributions of decentralized power
resources.

Smart Nord

Project Description
The interdisciplinary research project
Smart Nord is working on the development
of new features for efficient embedding of
decentralized renewable sources and en-
suring power grid stability under influence
of such sources. More than 40 scientists are
working in this project, which is divided
into six subprojects TP1 to TP6. ForWind
is working on subproject TP5 and aims
to 1) characterize the short term, strongly
intermittent solar and wind power inputs
using available high frequency time series,
i) non-parametric estimation of stochastic
dynamical equations for the solar and wind
powers with strong jumps and iii) study the
effect of short term extreme fluctuations of
solar and wind powers on the grid dynam-
ics as, e.g., the voltage stability.

Results

Fort the first part of project we character-
ized the stochastic properties of the wind
and solar energy sources by studying their
spectrum and multifractal exponents. The
computed power spectrum from high fre-
quency time series of solar irradiance and
wind power reveals a power-law behav-
iour with an exponent ~ 5/3 (Kolmogorov
exponent) for frequencies of 0.001 Hz <
f < 0.05 Hz, which means that the power
grid is being fed by turbulent-like sourc-
es. These results are derived from data
measured on operating wind turbines and
continuous solar irradiance measurements
with sampling rate 1 Hz, in Germany and
in the United States. The wind farm studied
has 12 wind turbines spread over an area of
roughly 4 km? The United States National
Renewable Energy Laboratory (NREL)
performed a one-year measurement cam-
paign at Kalaeloa Airport, Hawaii, USA,
from March 2010 until March 2011 using
19 LI-COR LI-200 pyranometers to meas-
ure effective solar radiation on horizontal

and inclined surfaces with a 1Hz temporal
resolution. From this publicly available
data, the subset of effective horizontal so-
lar radiation was selected, processed and
checked to yield about ~107 synchronised
values of 1Hz temporal resolution meas-
ured by the aforementioned 17 pyranom-
eters on 378 days.

We note that linear techniques, such as
spectral and correlation analysis, can un-
cover only linear structures of given time
series. However, due to the nonlinear re-
lation of wind velocity and its power (i.e.
P(t) ~ ui(t)), the power output for a sin-
gle wind turbine is more intermittent than
the wind velocity itself. We studied also
the non-linear properties and intermittent
behaviour of these time series by deriving
their multi-fractal exponents. For such time
series, intermittent behaviour can be quan-
tified through increments statistics in some
time lag tau, i.e. Delta x_ = x(t+tau) - x(t),
where x(t) is the wind power, solar irradi-
ance or clear sky index time series. Ex-
treme values of increments can be seen as
gusts and strong jumps in the increments
of wind power and solar irradiance, respec-
tively.

Let us denote S(n,tau) the order n absolute
moment of X(t) and it behaves as S(n,tau)
= <|Delta x_ |" > ~ tau". We say that the
process is scale invariant, if the scale be-
havior of the absolute moment S(n,tau)
(known as structure function) has a power
law behaviour in a certain range of tau. The
process is called monofractal if xi n is a
linear function of n and multifractal if xi n
is nonlinear with respect to n.

An estimation of exponents xi_n for given
time series can be questioned if the time
series do not, as is often the case, exhibit
power-law behaviour over a broad interval.
In such cases, instead of rejecting outright
the existence of scale invariance, one can
first explore the possibility of scale invari-
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Figure 1: Power spectra of wind velocity, wind power and irradiance fluctuations in log-
log scale. The Kolmogorov exponents -5/3 are represented by dashed lines. (a) Power
spectrum of wind velocity and wind power. (b, c) Spectrum of solar irradiance measured
in Germany and Hawaii. In the insets of (a) and (b), log-log plots of the compensated
energy spectra > S(f) versus frequency f are shown. The turbulence type -5/3-law pre-
sented in irradiance fluctuations is seen for single sensor, for frequencies 0.001<f < 0.05
Hz. (c) Power spectra of irradiance fluctuations for single (red) and averaged over 17 sen-
sors (black) in log-log scale measured in Hawaii. (d) Waiting time distribution functions
of cloudy sky state. For time scales 10 s < tau <2000 s, it shows a power law behaviour
with exponent ~ -5/3.
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Figure 2: Multi-fractal exponents of solar irradiance, clear sky index (detrended), wind
power and wind velocity fluctuations. Multi-fractality has been checked by the scaling be-
haviour of the moments S(n,tau) relative to the third moment, i.e. extended self-similarity
ESS [1]. We observed that all of the moments (up to n= 6) of solar irradiance and wind
power time series behave as S(3)#%-" within the scaling region 10-1000 s, see text.

ance via the concept of extended self simi-
larity (ESS) [1].

The estimated scaling exponents xi_n from
ESS are displayed in Fig. 2, for single wind
power, wind farm, single irradiance meas-
urements, irradiance of field, clear sky in-
dex (detrended) and finally for the meas-
ured wind velocity. In this respect, the solar
data (irradiance and clear sky index) are
strongly intermittent, and in turn, the wind
power (single) and wind power (field) are
less intermittent.

As a first result, it is important to recognise
here the intermittent nature of such energy
sources in order to properly adapt their in-
tegration in power grids. This is especially
useful as large synchronous generators are
progressively replaced by such volatile
power plants. In particular, the nature and
amplitude of possible fluctuations must be
known to design and dimension appropri-
ate solutions such as storage or, even bet-
ter, new optimised control systems to sup-
press the extreme fluctuations.

References
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Introduction

In the IAL subproject of Smart Nord, the
influence of grid resonances on the control
behavior of grid-connected of wind tur-
bines is analyzed. In addition, the general
behavior and interaction of grid connected
converters are analyzed.

Ideal three-phase grid side converter

Smart Nord

Project Description

As a member of the research association
“Smart Nord — Intelligent Grids Northern
Germany” funded by the Ministry of Sci-
ence and Culture of Lower Saxony, Ger-
many, the IAL deals with the question how
to optimize converter control in renew-
able power systems with respect to their
overall dynamics. In this context, research
especially focuses on the definition of the

operational limits.

Another focus of the project is resonances
within the grid and how they can deterio-
rate the control behavior of grid-connected
converters. An equivalent circuit of the
system is given in Fig. 1.
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Resonances are the result of capacitive
elements in the network. An analysis con-
sidering capacitive cable elements is per-
formed. It is demonstrated that the reso-
nance evoked by the cable can bring the
wind turbine current control to oscillatory
behavior. For validation, a three-phase
simulation model is set up, Fig. 2. The
simulation results validate the predicted
dynamic behavior which can be seen in
Fig. 3.

In the next steps of this project topic, an
analysis of general grid resonances and
their interaction with the converter control
are performed [2]. The interdisciplinary
aspects of the project are demonstrated in

13].
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Figure 1: Single-phase equivalent circuit of analyzed grid connected wind turbine
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Figure 3 a: Three phase simulation results and theoretical predicted step response [1]

Figure 3 b: Current oscillations resulting from grid resonance [2]

Summary

Within the project Smart Nord the Insti-
tute for Drive Systems and Power Elec-
tronics developed an analysed stationary
and dynamic models for wind and solar
energy sources. The current controller was
analysed with respect to the influence of a
variable grid resonance. This analysis was
done considering cable capacitances and
power factor compensation capacitances.
It could be shown that controllers with
voltage feed forward are in general less
sensitive to grid resonances. The conven-
tional power controller was analysed in
direct and indirect configuration. Since a
first extension with a derivative term did
not lead to a simple model with locally
known parameters, a new controller with
a decoupling matrix was developed. With
this improved extension, decoupled step
responses could be achieved.
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Introduction

The development of renewable energy
sources is constantly pressed ahead. But it
is not only crucial how many wind energy
farms are built, but also how every single
wind power station behaves as seen by the
power grid. At the moment thermal power
plants are used to guarantee power grid
stability. The kinetic energy stored in the
plant‘s turbines and generators is used as
important instantaneous reserve for grid
stabilization. They also hold available
control energy for seconds and minutes re-
serves. These reserves are released in case
of a grid frequency or voltage disturbance.

The electrical feed of wind power stations
to the power grid solely depends on wind
speed and is maximized at all times. From
an economical point of view this is the
most profitable solution. But because of
this they do not possess the ability for pow-
er grid control mechanisms. With an ever
rising count of renewable energy sources
replacing conventional power plants, there
will be a lack of instantaneous and primary
reserve power, which could lead to a desta-
bilization of the power grid. Therefore it is
necessary to include grid control features
into wind power stations to enable them to
contribute to ancillary services to stabilize
future energy grids.

Project Description

The power distribution system is shaped by
all power plant generators that are connect-
ed to the power grid. With wind power sta-
tions replacing conventional power plants a
feasible solution is to transfer the behaviour
of the latter towards the former. The proper-
ties of a steam power plant, consisting of a
turbine with a synchronous generator, have
to be emulated by a state of the art wind
power station with a fully-fed converter. By
this, every wind power station can contrib-
ute to ancillary services to a certain degree,
providing instantaneous reserve and pri-
mary balancing. Figure 1 gives an overview
of the classifications for power grid reserves
and controls.

Combined with the proposed control meth-
od, the components of a wind power station
are able to emulate the behaviour of a tur-
bine in a steam power plant. As controlling
element the pitch angle is used to control the
power conversion, analog to the main steam
valve. By limiting the maximum power con-
version a primary reserve can be held avail-
able at all times. The grid-tied converter is
controlled by a fictitious electrical excited
synchronous generator with amortisseur.
This leads to a current profile similar to the
dynamic behaviour of a power plant gen-
erator, as seen by the power grid. The im-
plemented amortisseur is able to damp grid
oscillations during load changes. By this all
advantages of a steam power plant can be
used by the new control method.
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Figure 1: Classification of the different reserves in power grids

For this purpose a novel approach is pro-
posed, which transfers the system manage-
ment of today’s conventional steam power
plants to wind power stations with a fully-
fed converter and a synchronous generator.
The aim is that droop based control methods
can be used and an instantaneous reserve
can be provided by wind power stations.
A fundamental difference to conventional
wind power station control concepts was
made: Control of the DC-link voltage is no
longer done by the grid-tied converter, but
by the generator-tied converter, using the
synchronous generator with a connected
wind wheel.

A power plant control is used to control ro-
tation speed and excitation voltage to adjust
the feed of active and reactive power.

This approach was tested successfully by
simulations at first. For validation a labora-
tory test stand was developed and put into
operation, which is shown in fig. 2. It con-
sists of a torque controlled motor to emu-
late wind profiles, which is connected to
a permanent magnet excited synchronous
generator. A grid emulator is used to test
the reaction of the grid-tied converter to
reproducible disturbances.
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Figure 2: Test bench with synchronous generator (30 kW) and induction motor
(45 kW) as drive

First experimental analyses were carried out
to verify the proposed method. Fig. 3 shows
how the DC-link voltage is balanced after a
5 kW step load change. It can be seen that
the response time from voltage drop to re-
balancing is within tolerable boundaries.

Summary

A novel control method for wind power sta-
tions allows adding ancillary services to re-
newable energy sources, where no hardware
modifications are necessary. There is no
need to modify the electrical or mechanical
hardware of existing wind power stations.
The proposed control methods can be im-
plemented into existing systems by software
changes only.

Simulation results showed that the new
wind power station can emulate the behav-
iour of a conventional steam power plant.
This was validated by laboratory experi-
ments. The generator-tied inverter works
analog to a steam turbine, where the pitch
angle represents the main steam valve. The
grid-tied inverter is controlled by a fictitious
synchronous generator. The DC-link repre-
sents the shaft between both components
and is stabilized by the generator-tied in-

verter Standard control strategies are imple-
mented for primary balancing over droops.
The moment of inertia of the wind turbine is
used as an instantaneous reserve during grid
disturbances.

With the new control algorithm the wind
power station has nearly same behaviour
as a steam power plant, where well known
control strategies can be used. Through
this solution the wind power station can be
adapted into the existing energy distribution
system.
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Introduction

Important aspects for the integration of
wind power into the grid are sudden and
large changes known as wind power ramp
events. In our project, we consider the wind
ramp prediction task as data-driven statis-
tical learning problem that can be solved
based on measurements of wind power and
wind velocities. Under the assumption that
large wind data sets exist with high tem-
poral and spatial resolution, machine learn-
ing algorithms can be employed to predict
future situations. The main focus for solv-
ing this problem is based on support vector
machines (SVMs), one of the state-of-the-
art methods in machine learning. For new
unknown wind situations, the SVM com-
putes reasonable predictions, which are
based on a previous training process. We
introduce the wind power ramp event de-
tection problem as classification problem,
which we solve using SVMs. Wind power
features from neighbored turbines are em-
ployed in a spatio-temporal classification
approach. The problem of imbalanced
training and test sets w.r.t. the number of
no-ramp events is analyzed experimentally
and the implications on practical ramp de-
tection scenarios are discussed. Basis of
the experimental analysis is the Western
Wind data set by the US National Renew-
able Energy Laboratory (NREL).

Project Description

A critical aspect for power grid stability
when integrating wind is the occurrence of
ramp events, i.e. sudden changes of wind
power (up or down). In literature, ramps
are not clearly defined [1] and may vary
from turbine to turbine depending on loca-
tions and sizes (for parks respectively). Let
p(t) be the wind power time-series of the
target turbine, for which we determine the
forecast. A ramp event is defined as a wind
energy change by ramp height 6 ¢ (0, p__ ]
from time step t € N to time step t +A with
A e N, i.e. for a ramp-up event, it holds
p(t + 1) —p(t) > 0, for a ramp-down event it
holds p(t + A) - p(t) <-6.

We define the ramp prediction problem as
the task to predict whether a ramp-up or a
ramp-down event starts at time t, i.e. an en-
ergy change from time t to time t + A. This
problem can be defined as classification
problem, for which we construct a pattern x,
€ R from the wind power features of the tar-
get turbine and the surrounding turbines us-
ing the regression approach by Kramer et al.
[2]. The ramp event serves as label y (0 for
no-ramp, +1 for ramp-up, and —1 for ramp-
down). Fig. 1 shows the construction of a
pattern xi based on the radius r around the
target turbine (see also Kramer et al. [2]).

Besides the classifier accuracy 9, i.e. the
rate of correct classifications using indica-
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tor function I to compare model output and
label, we will employ two quality measures
to evaluate the quality of a ramp prediction
method. Let f(x)) be the output of the clas-
sifier based on the observed wind pattern
xi. We define the following quality para-
meters for the prediction model:

* f is the number of true ramp forecasts
(ftx)=+1andy,=+1] or
[f(x)=-1andy,=~1])

* f.is the number of false forecasts
(flx)=+1andy,=0)

® r_is the number of missed ramps
(fix)=0andy =+1)

Then, f, = {/(f, + f) is the forecast accuracy,
which is an indicator for the ability of the
model to be correct in case of predicting a
ramp. The ramp capture r, = f/(f + 1 ) is
an indicator for the ability of the model to
hit each ramp.The balance of labels in train-
ing and test sets significantly influences the
learning and the evaluation result. A well-
balanced data set employs approximately
the same number of patterns for all labels.
For prediction of wind ramp events, this
effect has an important implication for the
ramp event prediction problem. First, we
illustrate the imbalance problem for a clas-
sifier trained on a balanced training set,
predicting the labels on an imbalanced set
(see Fig. 2). The ramp capture result r_ is
independent of the number of no-ramp pat-
terns. The accuracy score of the classifier

« target turbine
@ turbine for pattern
not employed

Figure 1: lllustration of feature construction based on d turbines in a radius r around the
target turbine resulting in a pattern x, £ R? of wind power measurements.
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increases from 0.91 to 0.98. But we can
observe that the forecast accuracy drops out
significantly. The reason is that the number
of false forecasts is dramatically increasing.

Fig. 3 shows the result of SVM-based ramp
event predictions w.r.t. a training set with
increasing number of no-ramps. We can
observe that forecast accuracy fa and the
ramp capture rc decrease with an increas-
ing amount of no-ramps, while the accuracy
score is even slightly increasing. But the
forecast accuracy is still much better than
in case of the balanced training set and the
increasing test set. The reason is that the
classifier better learns to distinguish ramp-
events from each other and from no-ramp
events with more examples in the training
set. But the cost that has to be paid is the
ramp capture r,, as the number of true fore-
casts ft decreases. The imbalance of class
labels has a dramatic implication on the
ramp prediction problem. Although SVMs
turn out to be comparatively strong classi-
fiers, the number of false positives is too

large in case of a strongly unbalanced test
data set. In practical recognition scenarios,
the number of no-ramps is significantly
larger (about 150 to 300 times assuming
10-minute time steps) than the number of
ramp events. Consequently, the accuracy
of a classifier would have to exceed about
8 =1-365/52560 = 0.995 to allow at most
one false alarm a day. The spatio-temporal
model based on the turbine infrastructure is
not sufficient to achieve such an accuracy
rate, and more explaining features must be
added.

Summary

Although a high precision has been achieved
in the classification process by SVM, the
precision is not sufficient to reduce the num-
ber of false ramp event forecasts in practical
applications. The reason is that ramp events
are rare, which leads to an imbalanced data
set. Ramp events may accidentally be pre-
dicted in normal situations. The only solu-

tion to this problem is a further increase of
forecast accuracies: more data is necessary,
e.g. with higher spatial and temporal resolu-
tions. The combination with physical simu-
lations, i.e. numerical weather predictions,
may also be a possibility to increase the
classifier accuracy.
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Introduction

The increasing pervasion of information
and communication technology in the
power grid motivates innovative research
towards intelligent system control. In this
project, a distributed control concept for
the online scheduling of responsive loads
is used as an alternative to the traditional
centralized control. By distributing the
decision making process, no global state
information about the participating de-
vices has to be gathered beforehand. The
approach is applied to the mitigation of
wind power fluctuations on a minute basis
by controllable heat pumps. This is a con-
joint work with the Institute for Integrated
Energy Systems, University of Victoria,
BC, Canada.

Project Description

The volatility of renewable energy gen-
eration adds an increased supply-side un-
certainty. Due to the natural variance of
wind speeds, the feed-in of wind turbines
is unpredictable on this scale. Demand re-
sponse (DR) is a possibility to mitigate this
problem. The project focuses on short term
fluctuations of wind power supply. In par-

ticular, the reduction of variability in the
residual load on a time scale of 1 minute
using controllable residential heat pumps is
targeted. The distributed approach COHDA
(Combinatorial Optimization Heuristic for
Distributed Agents) is employed [1]. The
optimization target is announced by the
utility operator in each time step and may
constitute an arbitrary type of ancillary
service regulation signal. According to [2],
ancillary service types can be subdivided
into load-following and regulation. The
former usually addresses power balancing
tasks on a scale of 5 to 30 minutes, while
the latter responds to rapid fluctuations on
a minute scale. By separating the power
profile into base-load, load-following and
regulation components, respective objec-
tive functions can be defined independently
for each ancillary service type. We focus
on the regulation aspect in the following.
By assuming that base-load and load-fol-
lowing components are properly optimized
and provided elsewhere, this allows us to
formulate the regulation objective func-
tion based on ramp-rate only, which is de-
fined as the change of load over time. So
instead of tracking the actual power profile
to achieve a supply-demand matching, we
neglect the base-load and load-following
aspects and configure the control strategy
to minimize the power gradients of the re-
sidual load. For each time step k, given the
the current wind power P (k) as well as
the wind power P_ (k-1) and the aggregate
load of the heat pump population P (k-1) at
the previous time step, the target aggregate
load for the current time step is calculated
as:

P (=) (k)=P, (k-1)-(P_ (k)-P_ (k-1))
In our study, both an uncontrolled refer-

ence simulation as well as a simulation
with the COHDA scheduling approach

were performed. Consequently, we used
the following metric to measure the perfor-
mance of the simulations based on residual
gradients. Given the residual load of both
the reference case and the controlled case
as res‘:PW_;'_Pl(reference) and reSCZPWJ’_P](contmlled)’
respectively, the performance of the con-
trol strategy for a time span [i,j] is calcu-
lated as:

_ (Thoilresc(k) = resc(k = D]) - 100

ROF = 5 100
%) lres, (k) — res, (k = 1)

This way, ROF can be interpreted as per-
centage reduction of fluctuation in res, with
respect to res_and thus gives us an easily un-
derstandable performance measure.

Fig. 1 shows the results for an exem-
plary simulation run. Wind power data
was generated using the simulation model
in [3], configured to represent a single 1.5
MW wind turbine. Similarly, a simulated
population of 1000 heterogeneous houses
equipped with air-source heat pumps was
generated as described in [3]. Wind speed
and temperature data was obtained from the
NREL NWTC M2 Tower [4].

The upper chart depicts wind power
(dashed line), dispatched heat pump power
(solid line) as well as the maximal possi-
ble ramp-rate (both up and down) of the
load population. The middle chart empha-
sizes the difference between wind power
and dispatched power and thus depicts
the remaining objective error of the opti-
mization in the controlled case. The lower
chart shows the actual residual load, for
both the reference case and the controlled
case. In this simulation, a performance of
ROF=45.79 was achieved, meaning that
the fluctuations in the uncontrolled refer-
ence case could be mitigated by 45.79 %.
Several rather large spikes are present
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Figure 1: Results of a single simulation run: wind power, dispatched heat pump power
and ramp-rate (upper chart), objective error (middle chart), residual load (reference and

controlled, lower chart).

Figure 2: Results of a single simulation run, magnified part (time steps 800-1200).
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in the visualization of the objective error
(middle chart). These are almost evenly
distributed during time intervals with no
wind power. On the other hand, during in-
tervals with considerably fluctuating wind
power, the control strategy performs ex-
ceptionally well. For a closer look, a mag-
nified part of the simulation (time steps
800-1200) is shown in Fig 2.

Here, the described effects are visible in
detail. During intervals with highly fluctu-
ating wind power, the dispatched load fol-
lows the target very closely. Further, even
in the presence of a constant wind power,
the dispatched load is generally able to fol-
low the target, but is regularly interrupted
by synchronized forced state switches.

Summary

The results indicate that an accurate online
scheduling of responsive loads without a
centralized controller is possible. In its cur-
rent state, the approach performs well for
highly fluctuating target trajectories, but
does not cope well with constant targets.
However, simple extensions to the objec-
tive function should be able to overcome
this problem, e.g. by simply disabling the
control approach during such intervals, or
by desynchronizing the load population
continuously as proposed in [5].
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Introduction

The research project “Monitoring SBJ”
is a joint project between DONG Energy,
Leibniz Universitit Hannover (LUH), and
the Federal Institute for Materials Research
and Testing (BAM). It is based on meas-
ured data gathered from the comprehensive
monitoring system mounted on the recent-
ly installed Suction Bucket Jacket proto-
type foundation, located at the offshore
wind farm Borkum Riffgrund 1. The tasks
of ISD are measurement data analysis of
ambient vibration data during installation
and operation and the improvement of a
simulation model in terms of soil stiffhess
updating.

The overall goal of the project is the as-
sessment of the design and installation
feasibility of bucket foundations in the

— Tower

_— Transition Piece, TP

German seas. The IGtH investigates the
installation process, but also the overall
soil-structure interaction by means of the
foundation stiffness as well as the bearing
capacity and deformation accumulation
over time.

Project Description

Driven piles are still state of the art for foun-
dations of offshore wind energy converters.
The pile driving process is tied with con-
siderable hydro sound emissions regularly
exceeding the limiting values. As an alter-
native to existing noise reduction methods,
foundation types that can be built without
pulsed piling noise are currently intensively
being researched. In this context support
structures like a jacket in combination with
suction buckets are promising solutions that
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Figure 1: Overview of sensor positions at
the Suction Bucket Jacket
(source: DONG Energy)
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impose only a minimal interference to the
marine environment compared to gravity
based structures.

This research project complements the re-
search of the WindBucket project [1].The
collected extensive measurement data from
121 sensors at the Jacket and Suction Buck-
ets during and after the construction process
were prepared by data preprocessing and
analysis for use in the work packages.

For this purpose a list of requirements was
created in cooperation with all partners,
which summarizes the required data analy-
sis. The measurement data is necessary to
validate all developed calculation methods
and structural models. In particular, the
movements of the Buckets and the Jacket
described by measurements identify the real
stresses and enable realistic global mod-
eling.

In addition, underwater noise measurements
were carried out during construction, which
have provided evidence that the installation
of the substructure with Suction Buckets is
a low noise construction method. The meas-
urements were carried out in 500 and 750
meters distance from the construction site
at four measurement positions in two direc-
tions.

In the context of model validation of the
structural model by the ISD also an efficient
global modeling is pursued. An essential
requirement for realistic determination of
soil-structure interaction is an accurate de-
scription of the soil stiffness. To investigate
the influence of soil stiffness on the global
dynamics of the support structure, a finite
element model of the structure was created.

In the design, there is a lack of practical
experience with SBJ foundation structures
under the typical load situations for offshore
wind turbines. Consequently, there are nei-
ther standardized methods of calculation
nor proof concepts available. Also validated
structure models are missing that take the
nonlinear and load history dependent soil
structure interaction into account and with
whom the bearing behavior due to cyclic
and dynamic loads can be calculated. In this

project both the installation and the bearing
behavior of the foundation and the overall
structure were observed intensively by a
monitoring system. The IGtH works with
several numerical models on the under-
standing of the general mechanism for the
installation of buckets as well as the general
response of the foundations in terms of bear-
ing behavior and soil-structure interaction.

Summary

The ISD has started the scientific work on
the Suction Bucket Jacket prototype. The
first measurement data is available and ana-
lyzed for all partners after creating the list
of requirements. During installation under-
watersound measurements were performed
to confirm the assumption of the low-noise
construction method. The ISD has built a
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Figure 2: Finite Element Model of the
Suction Bucket Jacket

finite element model of the entire structure,
which enables adjustment of soil stiffness
and validation of the structural model.

The IGtH has started to evaluate the soil
exploration data delivered by Orsted in
order to derive a geotechnical soil model
containing the relevant soil parameters for
further calculations. The soil parameters are
derived by CPT correlations. Furthermore,
first numerical models have been generated,
which capture the correct soil behavior and
first response mechanisms are identified.
Special care is taken of the investigation of
the bearing behaviour of suction buckets un-
der tensile loading in homogenous and es-
pecially layered subsoil. Besides pure axial
tensile loading, inclined loads are accounted
for.

Regarding the overall SBJ model, the non-
linear soil-structure interaction represents
an essential part for both the design of the
foundation as well as for the entire struc-
ture. Only a sufficiently accurate estimation
of the foundation stiffness in the overall
model allows the sustainable design of the
structure by utilizing the existing soil resist-
ances. Based on these needed features, the
development of an innovative interface be-
tween the geotechnical model and the over-
all model has started. The work is done with
a close interconnection between the joint
project partners.
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Introduction

The rotor blades of a wind turbine form
a vital part of the overall structure and
their continuous monitoring is therefore of
great significance. The production of rotor
blades is still mostly performed manually
and leads to a varying quality. Defects due
to fabrication, fatigue and extreme loads
are the main reasons for the beginning and
propagation of damage. Among the most
often encountered damages are bondline
failure between the upper and lower shell
of the blade and delamination of the com-
posite material. Both damage types can
influence the load bearing behavior of the
rotor blade and potentially disturb the op-
eration of the wind turbine.

The annual failure rate of rotor blades is
relatively low compared to other compo-
nents of the turbine, such as the electrical
system, but an occurrence of damage on
the rotor blades causes a longer period of
down time that can reach up to 5 days [1].
The standstill of the wind turbine results in
great costs, which are even higher in the
case of offshore wind turbines. Therefore,

the rotor blades should be continuously
monitored and structural health monitoring
methods have to be developed, in order to
detect damage at an early stage and prevent
the total loss of the blade structure.

Structural health monitoring contributes
to early damage detection and to the im-
provement of competitiveness by prevent-
ing high maintenance and repair costs.
Despite the existence of various monitor-
ing systems, the visual inspections are still
necessary, since the existing systems have
not reached a satisfying level of reliability.

Project Description

Within the preceding project ,,Adaption
and application of an early damage detec-
tion and load monitoring system for com-
posite rotor blades of wind turbines“(FKZ
0327644B) a method based on the propor-
tionality of the velocity in the position of
maximum displacement and maximum dy-
namic stress was developed [2]. The afore-
mentioned 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].

In the current project the Institute of Struc-
tural Analysis (ISD) in cooperation with
the Institute for Information Processing
(TNT) develop respectively a mechanical
and an acoustic approach for structural
health monitoring purposes. The objective
of the current project is the improvement
of the proportionality method and the ex-
tension of its application for ice detection,
as well as its further development by ad-
ditionally implementing an acoustic com-
ponent.

Mechanical and acoustic data have to be
gained both under test facility conditions

and at operating state. For this purpose
a fatigue test on a 34 m rotor blade and
measurements on a 50.8m blade of a wind
turbine in operation are planned. The fa-
tigue test includes an eigenfrequency test,
an ice-accretion detection test, as well as a
fatigue test in the edgewise direction until
the development and propagation of dam-
age. During the measurements in operation
the mechanical and the acoustic system
will be installed in a 3.4 MW wind turbine,
in order to obtain data that correspond to
the real operating conditions.

The extensions pursued in the current work
concern the applicability of the propor-
tionality method for non-harmonic exci-
tation, which approximates the stochastic
excitation applied to a rotor blade during
the operation of a wind turbine, and the
modification of the method for application
to other quantities than velocity, i.e. for ac-
celeration, as well as the applicability of
the method using convenient sensors. The
processing of data from a wind turbine in
operation, which did not include any dam-
age incident, indicated that the damage
indicator of the proportionality method for
the case of wind stochastic excitation gen-
erally remained at a constant level but at
the same time presented high variations. In
Figure 1 the proportionality factor that oc-
curs from the maximum values of velocity
(pmax) and from the root mean square val-
ues of velocity (prms) is presented for the
case of operation of a wind turbine. Thus,
there is a need for classification of the
measured data, according to the different
operating and environmental conditions.

Concerning the acoustic system, a detec-
tion algorithm using airborne sound was
developed based on the signal analysis,
which showed that airborne sound pro-
vides adequate features for cracking sound
detection. The developed real-time capable
detection algorithm is based on the com-
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Figure 1: Proportionality factor during the operation of a wind turbine

parison of the input signal with a model of
the cracking sound. The model describes
a non-tonal sound with a sudden increase
in power, a specific characteristic in pow-
er over frequency at the beginning of the
impulse and a model for the decrease in
signal power over time. To represent the
characteristics of the cracking sounds, five
audio features were designed and used.
The algorithm was optimized and tested
with the airborne sound recordings of the
rotor blade test. In the first three days of
the fatigue test the algorithm detected nine
events per day. 79% of the events were
cracking sounds. In the remaining 73 days
of the fatigue test the algorithm detected
about one event per day. The research re-
sults have been accepted for publication
at the European Workshop on Structural
Health Monitoring 2014 [4].

It is planned to analyze the correlation be-
tween cracking sound types and damage
types and to improve the detection results
of the algorithm with the upcoming meas-
urement data. The measurement campaigns
are also planned to give information about
the limits and restrictions of the acoustic
approach and to get data, which help to
combine accurately the mechanical and the
acoustic approach.

Summary

The existence of damage on a rotor blade
may be a reason for suspending the op-
eration of the turbine or may even lead
to the total loss of the rotor blade. Struc-
tural health monitoring of the rotor blades
of onshore and especially offshore wind
turbines is therefore 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 simultane-
ously 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. For this purpose two
measurement campaigns are planned: a
full scale fatigue test in the edgewise direc-
tion and measurements in a rotor blade of
a wind turbine in operation. Both mechani-
cal and acoustic approach will be applied
for the case of the fatigue test, in order to
detect the existence of damage and for the
case of measurements in a 3.4MW wind
turbine in order to take into account the
signals that occur under operation condi-
tions.
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Introduction

ForWind is co-founder of the European
Wind Energy Master (EWEM), an Eras-
mus Mundus Master Course supported by
the European Commission. The consor-
tium operating the European Wind Energy
Master is composed of four universities:

+ Coordinator is the 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 Universitdt Oldenburg
(UniOL)

This consortium is teamed up by more
than 40 associated partners from wind en-
ergy research institu-tions, companies, and
NGOs. Leibniz Universitit Hannover is
one of them.

Project Description

The EWEM- European Wind Energy Mas-
ter is an advanced research oriented 2 year
(120 ECTS) master course with four areas
of specialization:

* Wind Physics

* Rotor Design

* Electric Power Systems
» Offshore Engineering

The students acquire knowledge in theoreti-
cal and applied sciences underlying wind
energy systems, and specific competencies
necessary to operate in the chosen area of
specialization. EWEM prepares graduates
for a career in research, both in industry and
in academia, and is closely linked to the re-
search 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, and the following cohorts had 36
and 37 students respectively. Table 1 gives
an overview of the student numbers per
track.

The European Commissions's Erasmus
Mundus programme is a cooperation and
mobility programme 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 in-
stitutions, individual students, researchers

and university staff and any organisation
active in the field of higher education.
Competition has been strong: in July 2011
30 proposals, including EWEM, were se-
lected from a total of 177. Selected master
courses receive funding for scholarships
and fellowships for students and visiting
scholars.

Summary

The European Wind Energy Master
(EWEM) is a cooperative master course
supported by the European Commission’s
Erasmus Mundus programme. ForWind/
University of Oldenburg is member in the
con-sortium operating the programme.
Since the start in 2012 three cohorts of stu-
dents have been participat-ing with a total
number of 111 students.
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Idsemester 4 semester

2 somester

1% semester

Wind Rotor Electric
Physics Design Power
Systems

-

MSc thesis free

M5Sc thesis free
M5c thesis free

mobility

TUDelft

TUDelft

Offshore
Engineering

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), Carl von Ossietzky Universitat Oldenburg /

ForWind (UniOL).

Rotor Wind Electrical Offshore Total
Design Physics Power Systems Engineering
1st cohort 17 5 4 n 37
2nd cohort 19 1 9 7 36
3rd cohort 17 4 7 9 37
Table 1: Number of students in EWEM and in its four tracks.
Link:

Further information:

www.windenergymaster.eu
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Master Programme on Wind Energy Engineering

Leibniz Universitat Hannover, ForWind

Claudio Balzani, Andreas Reuter,
Raimund Rolfes

Duration: Since 10/2011

The Need for Experts

The wind energy sector has developed
from a niche industry into an internation-
ally operating, professional economic sec-
tor, so that well qualified engineers are in
high demand. Specialist knowledge and
skills from all areas of engineering are
needed, as are an understanding of the sys-
tems involved and an interdisciplinary way
of thinking.

Engineers in the wind energy sector are
faced with a wide range of challenges.
The rapid growth of this industry calls for
a high degree of innovation and creativity.
The close alliance of different engineering
disciplines and also non-technical areas
requires interdisciplinary working prac-
tices and the relevant training. The large
bandwidth of required engineering skills is
highlighted by a large diversity of possible
employer, which are e.g.:

* Wind turbine manufacturers

® Energy suppliers

® Project developers

® Banks, insurances and investors

* Engineering offices or certification
bodies

® Municipal building authorities, local
government and administration

® Suppliers from the mechanical
engineering, electrical engineering, or
construction industry

® Research institutions.

Become an Expert —in Hannover

The Wind Energy Engineering master at
Leibniz Universitit Hannover (LUH) is
the first university master’s programme in
this field offered in Germany. The associ-
ated Master’s degree (MSc.) qualifies for
traditional civil, electrical or mechanical
engineering professions, but also for inter-
disciplinary expert positions focusing on
wind energy. It combines all the required
aspects in an interesting and varied range
of studies. Aerodynamics, power electron-
ics, numerical simulation methods, steel
construction — no matter what, students
in the master’s programme are taught an
extensive range of subjects. Students will
make use of the most up-to-date scientific

methods and will experience heavily prac-
tice-oriented education and interdiscipli-
nary collaboration with other fields in the
natural sciences and engineering.

As experience shows, students benefit from
a medium-size team of fellow students that
is highly networked, cooperative, and help-
ful. Besides classical lectures and tutorials
special features are offered by the institutes,
such as the popular Composite Labs, where
students laminate their own little composite
samples and rotor blades inlabs of our test
center support structures and of our major
research partner, the Fraunhofer Institute of
Wind Energy and Energy System Technol-
ogy in Bremerhaven, see Fig. 1.

Figure 1: Student trimming the trailing edge of the small rotor blade model laminated
during the Composite Lab (picture provided by Daria Horte, 2012).
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Content and Structure of the Wind
Energy Engineering Master

The degree in Wind Energy Engineering
at LUH is organized as a 4 semester con-
secutive Master's Programme comprising
120 credits. The objective is to provide
students with extensive basic knowledge
to prepare them for professional life and
to illustrate the responsibility of the wind
energy engineer through practice-oriented
education. Through corresponding course
options, students will be given the opportu-
nity to specialize in different areas in order
to successfully progress to professional life
as specialists.

Students with a Bachelor degree in an engi-
neering topic are evaluated and — if accept-
ed — classified in the basic competences
civil (CE), electrical (EE), or mechanical
engineering (ME). The lectures are subdi-
vided into interdisciplinary (50 credits) and

competence-specific (70 credits) contents,
see Figure 2. Depending on their basic
competence, students can choose from the
following four competence fields of their
specialization, which define the compe-
tence-specific contents:

* Dimensioning of load-bearing structures
(CE)

*® Electrical energy conversion and grid
connection (EE)

® Project planning, production, construc-
tion and operation (CE + ME)

® Wind and mechanical energy conversion
(ME)

Required Skills and Application
Procedure

Applicants must hold a Bachelor degree in
civil, electrical, or mechanical engineering.
A Bachelor degree in a related engineering

discipline is also welcome. Besides of that,
the demanding tasks in Wind Energy Engi-
neering require creativity and imagination,
awareness of responsibility, decisiveness
and assertiveness. Enjoyment of problems
in mathematics and natural sciences will
make the degree easier.

A good working knowledge of German is
required. Selected optional courses are of-
fered in English. English skills are there-
fore recommended, but not compulsory.

The Wind Energy Engineering Master can
be started in winter and summer semesters.
The application deadlines and general in-
formation about the application procedure
can be found here:

https://www.uni-hannover.de/en/studium/
studienfuehrer/windenergie

Figure 2: Structure of the Wind Energy Engineering Master Programme with interdisciplinary and competence-specific contents.




154

QUALIFICATION AND COORDINATION

Continuing Studies Programme
Wind Energy Technology and Management

Carl von Ossietzky Universitat Oldenburg,
ForWind

Moses Karn, Christoph Schwarzer

Partners: Wind Energy Agency WAB,
City of Oldenburg

Funding: Participants’ fees and co-spon-
soring by Bremer Landesbank, GE Wind
Energy GmbH, WSB Service GmbH

Introduction

In its eighth and ninth years of existence
the Continuing Studies Programme Wind
Energy Technology and Management
(“Windstudium”) is still a unique offer for
professionals with academic background
to obtain part-time professional educa-
tion. The programme 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 realiza-
tion of this continuing academic educa-
tion for professionals. The programme is
funding sponsored by GE Energy, Bremer
Landesbank, and WSB Service GmbH.

Description

Wind energy is a highly innovative and
interdisciplinary industry sector whose
further successful development will be
closely tied to the availability of highly
skilled and educated experts from various
backgrounds. Because of the complex na-
ture of the field part-time education is an
important instrument to provide profes-
sionals with high-level systematic know-
how and interdisciplinary understanding
of wind energy technology, projects, and
€conomic issues.

The Continuing Studies Programme Wind
Energy Technology and Management is
especially designed to support companies
of the wind energy sector, and is directed
to professionals in the field as well as to
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 programme offers a mix of learning
methods and is therefore designed to fit
the requirements of professionals. It: self-
study of reading materials, a two-day semi-
nar once every month, and project work in
teams. The total duration of the programme
is eleven months. The certificate “Certified
Wind Energy Expert” is issued by the Uni-
versity of Oldenburg upon successfully
passing the examinations.

The realization of wind energy projects
requires that experts from a variety of dif-
ferently disciplines work closely together.
This innovative program of study is one
that addresses exactly such interdiscipli-
nary challenges, and furthermore fosters a
‘know-how-transfer’ from acknowledged
experts in the field and from Universities,
thus providing current and expert knowl-
edge. The program’s study materials were
developed in partnership with the Univer-
sity of Oldenburg’s continuing education
experts and satisfy the highest of academic
didactic standards.

The interdisciplinary approach is the cen-
tral 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 heterogene-
ous profiles, which are often found within
a company’s typical departmental work

group.

Project Work: For the duration of the pro-
gram 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 stu-
dents 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 di-
vided 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 programme is constantly evaluated
and further developed in close consultation
with a wind energy advisory board that
meets annually to advise the programme’s
administrators, and to arrange the co-
instructors and guest speakers. The co-
instructors are experienced representatives
from the industry who present concrete
aspects and expert knowledge, which com-
plements the main instructors’ teachings.

The administrators of the Continuing Stud-
ies Programme in Wind Energy Techno-
logy 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 profes-
sional information, and to support further
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Field trips, here to the construction site of a wind farm in Oldenburg, enrich the practical experience of students in the Continuing
Studies Programme Wind Energy Technology and Management. (Photo: ForWind)

continuing education possibilities. Yearly
alumni meetings take place in Oldenburg
or Bremerhaven. In 2013 the first exclusive
two day alumni journey to Brande, Esbjerg
and Kiel took place.

After seven fully booked course cycles
(24 students each year), the demand has
slightly decreased: the eighth course had
22 graduates and the ninth course was fin-
ished by 17. Nevertheless, the programme
has consolidated its position in the market.

The start of the ninth course is in Septem-
ber 2014 (application deadline June 30th
2014).

Summary

The Continuing Studies Programme Wind
Energy Technology and Management is
especially designed to support compa-
nies and professionals of the wind energy
sector. After nine years of successful op-

eration it has consolidated its position as
well-established programme of continuing
academic education in the wind energy
sector even if the numbers of applications
and participants has been declining. The
tenth course will start in September 2015.

Link:

www.windstudium.de
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QUALIFICATION AND COORDINATION

Continuing Studies Programme Offshore Wind Energy

Carl von Ossietzky Universitat Oldenburg
ForWind

Moses Karn, Juliane Reichel,
Christoph Schwarzer

Partners: Wind Energy Agency WAB, City of
Oldenburg

Funding: Participants’ fees and co-spon-
soring by Bremer Landesbank, nkt cables
GmbH, Nordwest Assekuranzmakler GmbH
& CO K@, and Siemens AG

Introduction

Offshore wind energy is developing into a
full-size industry sector. 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 and managers on a very high level
of responsibility. Thus, offshore wind has
a need for highly skilled specialists with
multi-disciplinary know-how and experi-
ence. Structured and specialized academic
study programmes with offshore wind en-
ergy focus are only slowly emerging and
will still not be able to meet the market's
growing demand. Thus, ForWind, the
Wind Energy Agency WAB and the City
of Oldenburg had joined forces in a pro-
ject to develop the new professional part-
time studies programme Continuing Stud-
ies Programme Offshore Wind Energy in
2011. In 2013 the first pilot course has been
finished in May, and the second run started
in October.

Project Description

The Continuing Studies Programme Off-
shore Wind Energy is a part-time studies
programme using a “blended learning mix”
of distance education, e-learning, class-
room teaching, and project work. The pi-
lot course in 2012/2013 was operated with
25 participants, and the second course in
the academic year 2013/2014 started with
9 participants. While the first pilot course
could be successfully operated, its further
establishment on the market for lifelong
learning programmes proved to be difficult
—most likely due to the economic develop-
ments in the offshore wind energy industry.
Nevertheless, the second course could be
started, and the nine participants finished
the course in June 2014.

The design and curriculum of the pro-
gramme have to be flexible in order to be
able to react to new industry and market
developments. The programme intends to
give an “overview” and interdisciplinary
understanding of projects with very high
complexity, high costs and high risks — a
challenging demand for the design of a
continuing studies programme. Therefore
the focus of the curriculum is on interface,
risk and project management. And, in the
offshore wind industry formerly separate
industries and businesses have to come
together, merge, or cooperate: the wind
industry meets the maritime sector, both
having very peculiar business traditions
like wind turbine manufacturing or charter
contracting, and that has caused a lot of
problems for both sides.

A central aim of the Continuing Studies
Programme Offshore Wind Energy is to
also support the companies and their staff
in the development and change process
that they are facing when they are involved
in offshore wind energy projects. The cur-
riculum of the Continuing Studies Pro-
gramme Offshore Wind Energy introduces

the students systematically to the technol-
ogy and the management of offshore wind
energy projects — e.g. offshore technology,
maritime environment, project develop-
ment, finance, insurance, logistics, instal-
lation, operation and maintenance — and
puts these separate pieces of a puzzle into
the whole picture.

The syllabus is divided into five modules:
Offshore Conditions and Wind Farm De-
sign, Project Development, Offshore Wind
Farm Components and Procurement, Off-
shore Wind Farm Logistics and Installa-
tion, and Offshore Wind Farm Operation.
These five modules correspond to five
classroom instruction periods that are or-
ganised on a bi-monthly schedule. They
not only provide in-depth insights into all
phases of an offshore wind farm’s life cy-
cle, but simultaneously form the substan-
tive framework for case study work.

In order to enable students to learn in dif-
ferent ways while they stay in their jobs
the course uses a well-established portfolio
of different learning and teaching meth-
ods, a so called “blended-learning” mix:
classroom instruction periods once every
two months, private study periods, internet
based support, and case study work in pro-
ject teams.

The project orientation is essential for the
programme. The participants come from
different professions — be it a technical,
commercial or legal background —, and
project work in interdisciplinary teams
provides a perfect learning environment
for the students. The programme fosters
professional skills which are needed in
the highly dynamical business of offshore
wind energy. This puts high expectations
on the professional skills such as multi-dis-
ciplinary expertise, management skills and
acting on an international level. By work-
ing on praxis-oriented case studies those
skills are directly trained.
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During the nine month period of the pro-
gramme participants and lecturers can in-
tensively network. Graduates of the Con-
tinuing Studies Programme Offshore Wind
Energy are organized in an alumni work
which supports professional exchange
and support. In November 2013 a two-day
field-trip to the manufacturing site of Sie-
mens Wind Power and the Port of Esbjerg
was accomplished for alumni.

The start of the third course in October
2014 could not take place because of the

Field Trip to Esbjerg,
Continuing Studies Programme Offshore Wind Energy 2013/2014

number of applications. For 2015 we are
planning to integrate international partners
from Denmark and UK to promote the pro-
gramme in these countries.

Summary

The Continuing Studies Programme Off-
shore Wind Energy is especially designed
to meet the needs of the growing offshore
wind energy industry. It teaches experts
and managers on academic level in the dif-

ferent fields the necessary know-how to
improve the management of complex off-
shore wind farm projects.

The programme covers all specific off-
shore wind energy topics from technical,
legal and economic points of view.

Special attention is given to the whole life

cycle of an offshore wind farm and the
complex management challenges.

References

www.offshore-wind-studies.com
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mint.online: Certificate Programme
in Advanced Wind Energy (AWE)

Carl von Ossietzky Universitat Oldenburg,
ForWind

Martin Kithn, Andreas Schmidt,
Moses Karn

Partner: Fraunhofer Gesellschaft Miinchen,
FernUniversitat Hagen, Universitat Kassel,
Universitat Stuttgart, NEXT ENERGY (EWE-
Forschungszentrum fir Energietechnologie
e. V., Oldenburg).

Funding: Federal Ministry of Education and
Research (BMBF)

Ref.-Nr. (Forderkennzeichen): 160H11042;
(Kassenzeichen: 810302523747)

Duration: 10/2011 — 03/2015

Introduction

The University of Oldenburg is one of the
contributors to the project "mint.online
—Aufbau berufsbegleitender Studienange-
bote in MINT-Féchern" (English: "mint.
online — Establishing Extra-Occupational
Study Programmes in STEM Subjects").
mint.online is one of 26 projects funded by
the German Federal Ministry of Education
and Research (BMBF) under the frame-
work "Aufstieg durch Bildung: Offene
(English:
through Education: Open Universities").

Hochschulen" "Advancement
The aim of this framework is to improve
the position of German universities in the
education market for continuing academic
education in the fields of mathematics, com-
puter science, natural sciences and technol-
ogy (STEM-subjects; German acronym:
MINT).

mint.online is a joint project by Carl von
Ossietzky Universitdt Oldenburg, Fraun-
hofer Gesellschaft Miinchen, FernUniver-
sitdt Hagen, Universitét Kassel, Universitét
Stuttgart, and the research institute NEXT
ENERGY (EWE-Forschungszentrum fiir

Energietechnologie e. V., Oldenburg). The
project is managed by the Center for Long
Life Learning (C3L) at the University of
Oldenburg. Within mint.online, nine study
programmes are developed. Collabora-
tion within mint.online is organized along
cross-sectional project groups — i. e. man-
agement, educational and technical realiza-
tion, instructional design, online teaching
technologies.

All mint.online programmes are designed as
internet based "blended-learning" courses
with a mix of online based self-instruction
and classroom teaching periods. Due to
their design they are especially attractive to
non-traditional students, i. e.:

* management trainees and future execu-
tives, 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.

One of these programmes is the Certificate
in Advanced Wind Energy (AWE).

Project Description

The certificate programme "Advanced
Wind Energy — Computational Fluid and
System Dynamics" (AWE) addresses elec-
trical and mechanical engineers and physi-
cists with a graduate degree or equivalent.
Graduates with these backgrounds can take
part in this programme, if they e .g. want
to get a specialization for wind energy af-
ter their degree or want to change their in-
dustrial sector. The certificate programme
AWE will be offered worldwide in order to
educate available, highly qualified emplo-
yees for research and development in the
field of wind energy utilization.

The structure of AWE includes a bridge mo-
dule which is intended to build up the ba-
sic knowledge for all students (see Fig. 1).
After this, the students can choose between
two specialization tracks: Energy Meteo-
rology or Wind Energy Systems. The final
extension module is intended to teach the
handling of data and show practical exa-
mples of measurement and research. The
collaboration within mint.online offers
possibilities to gain synergetic effects by
mutual use of course modules. This ap-

Bridge Module
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plies also for the AWE programme of For-
Wind: Its modules — as well as those of
the Certificate Programme Decentralized
Energy Storage Systems (DEES) of NEXT
ENERGY - will become also elective
courses of the master programme "mint.
("MORE",
University of Oldenburg; see Fig. 2).

online Renewable Energy"

Therefore, a close collaboration among

these three programmes exists since 2012

and continued in 2013 and 2014 success-

fully. This collaboration allows for

» improved coordination and balancing
of the study material,

* planning of joint propaedeutic courses,

* joint commissioning of study materials
or translations, and

+ joint marketing and public relations.

Project Development

During 2013 study material for the courses
has been developed. The offered modules
of the programme are based on the lectures
and seminars that are regularly held by
the institute of physics of the University
of Oldenburg. The start of the first pilot
course, Computational Fluid Dynamics, is
prepared for summer term 2014.

In 2013 the AWE project of ForWind took
part in the central project meeting in Kas-
sel (September), Workshop meetings (26-
27th March in Oldenburg, 18th October in
Oldenburg) and several online webinars.
Additionally, an online training for men-
tors given by the instruction design group
in order to prepare for the online courses
was completed. In 2014 the course books
and exercises have been further develo-
ped. In summer semester 2014, a pilot
course of the module "Computational Fluid
Dynamics" (CFD) has been executed. At
the same time, pilot courses of the above
mentioned programmes MORE and DEES
took place. A joint promotion for these pro-
grammes was developed (information flyer,
poster, presentation at the job and education
fair ,,zukunftsenergien nordwest 2014).

The pilot course of CFD had applicants
from all over the world. Many of the par-
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Figure 2 : Integration of the two certificates AWE of ForWind (red letters) and DEES of
NEXT Energy (blue letters) into the master programme MORE

ticipants were alumni of the Master "Post-
graduate Programme Renewable Energy
(PPRE)" of the University of Oldenburg.
The other participants obviously have
searched the internet for this kind of di-
stance learning offer. The pilot course of
CFD has been evaluated and is currently
updated for the re-run. The online learning
platform for this course was provided by
the Center for Lifelong Learning (C3L) of
the University of Oldenburg. The develop-
ment of AWE is tightly integrated into the
project and quality management of the mint.
online project lead by C3L. ForWind took
part in the following meetings of the pro-
ject mint.online: webinar Gender (February
2014), mint.online project meeting in Ber-
lin (March 2014), webinar about concepts
of mentoring (Mai 2014), mint.online pro-
ject meeting (September 2014).

Project Management

Corporate principles for the Certificate
Advanced Wind Energy have been fixed
in a document as foundation for future ac-
tivities. ForWind took part in the following
meetings of the project mint.online:

® Webinar Gender (February "14)

® Central mint.online project meeting in
Berlin (March "14)

® Webinar about concepts of mentoring
(May "14)

® Central mint.online project meeting
(September "14)

Summary

ForWind is developing the "Certificate
Programme in Advanced Wind Energy
(AWE)" within the "mint.online" project
funded by the Federal Ministry of Edu-
cation and Research (BMBF). AWE will
be an academic continuing studies pro-
gramme for scientists and engineers. A
first test run of the module "CFD 1" has
been executed in the summer semester of
2014. The second project phase will start
in April 2015 and end in September 2017.

Link:
https://www.uni-oldenburg.de/en/
physics/studies/courseofstudies/ppres/
master-online-renewable-energy/
partner-programmes/certificate-
programme-advanced-wind-energy/
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Carl von Ossietzky Universitat Oldenburg,
ForWind

Stephan Barth, Katharina Segelken,
Moses Karn, Christoph Schwarzer

Partner: Dr. Hans-Peter (Igor) Waldl
(Overspeed GmbH & Co. KG),

Bernd Homberg (Haus der Technik e. V.,
Essen)

Introduction

ForWind-Academy’s aim is to support the
onshore and offshore wind energy indus-
try by knowledge transfer from research
to application and to spread the know-how
within the industries. Onshore and offshore
wind energy are both highly competitive
and innovative industry sectors. ForWind-
Academy launched in 2008 stands for high
level continuing education for wind energy
specialists and executives in Germany.

Project Description

ForWind-Academy provides comprehen-
sive qualification on academic level for the
wind energy sector by seminars, in-house
courses, workshops and individual coach-
ing. ForWind-Academy is a joint project of
ForWind and Overspeed GmbH & Co. KG.
This co-operation opens up a great possi-
bility to provide high-quality seminars and
advanced education on topics ranging from
research to application in the industry. The
wide network of ForWind makes it possi-
ble to provide expert speakers from inside
and outside the university. Dr. Hans-Peter
(Igor) Waldl himself, managing director of
Overspeed GmbH & Co. KG, possesses an
expertise as a consultant and course instruc-
tor with 20 years of wind energy experience.
The seminar program comprises wind ener-
gy topics of planning, management, financ-

ForWind-Academy

ing 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 devel-
opment. The Academy is particularly adept
when it comes to a high level of expertise
and the didactic preparation of seminar top-
ics and content. ForWind-Academy is not
merely offering introductory knowledge
in a rush. Seminars convey fundamental
knowledge, give insight into research ques-
tions, and offer practice oriented know-how.

The ForWind-Academy offers a platform
for intensive advanced education and the
exchange of ideas among experts in the
field. It brings together people with differ-
ent 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.

In 2013, a total of 19 one-, two- and three-
day seminars were offered with round about
200 participants. Compared to 2012, three
completely newly developed seminars have
been offered in 2013 covering the follow-
ing topics: “Corrosion and anticorrosive
coating for offshore wind constructions”,
a workshop with the topic “Calculation of
profitability” and a special seminar with
the topic “Health and safety for offshore
wind energy workers”. In 2014 a total of
16 seminars were offered with around 120
participants were offered, e. g. “Operation
and maintenance of offshore wind farms”. A
lot of practical elements like field trips and
group work have been added to most of our
seminars to make them more interactive.
Participants highlighted these new elements
in our seminar evaluations as very positive.
In 2013 and 2014 the co-operation with
Haus der Technik e.V. (HdT), Essen, has
been extended and consolidated. But, For-
Wind-Academy and HdT — like all semi-
nar providers in wind energy — are facing

a decline in numbers of participants. This
is most likely due to the fact that the wind
energy sector, like all renewable energy
sectors, is highly sensitive to political de-
bates about the and economic framework,
and the years 2013 and 2014 were years
of very intense debates about the cost of
the “Energiewende”. ForWind-Academy is
doing active networking and marketing for
continuing education in wind energy, build-
ing on the alumni network of the academy
and the “Windstudium”. Representatives of
the ForWind-Academy were also present
at the following events: the jobfair “zuku-
nftsenergien nordwest” in March 2013 and
2014, the Hanover fair in April 2014, the
WindEnergy 2014 in Hamburg. ForWind-
Academy has joined the "Windenergietage
2013” in Rheinsberg and “Windenergietage
2014” in Potsdam. This conference in the
Berlin/Brandenburg area has been visited
by round about 1000 participants. Christoph
Schwarzer and Katharina Segelken were in
charge of the session “Wissen ist Macht”
(knowledge is power).

Summary

ForWind-Academy offers continuing edu-
cation for wind energy specialists and ex-
ecutives in Germany. Together with Over-
speed GmbH & Co. KG., has established its
reputation as one of the leading providers
for high-level seminars dealing with cur-
rent topics on an academic level and with
a high degree of relevance to practical ap-
plications: ranging from planning, manage-
ment, financing to science and technology.
In 2015, 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.

Link:
www.forwind-academy.com
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Job and Education Fair “zukunftsenergien nordwest” 2014

Carl von Ossietzky Universitat Oldenburg,
ForWind

Corinna Wermke, Christoph Schwarzer

Partners:

WAB e.V,, Oldenburger Energiecluster
(OLEC) e.V., Bremerhavener Gesellschaft
fiir Investitionsférderung und Stadtent-
wicklung mbH (BIS), Wirtschaftsforderung
Bremen GmbH, Wirtschaftsforderung Stadt
Oldenburg, , Hochschule Bremerhaven

Sponsored by:
Bremer Landesbank, Enercon GmbH

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 370.000 employees nationwide
the renewable energies are a job-motor
already. Experts predict a further develop-
ment of more than 500.000 jobs until 2030.
But at the same time, the renewable ener-
gies 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 "zukunftsener-
gien nordwest", is still an important event
for the region demonstrating its rich job
and qualification opportunities in renew-
able energies.

Project Description

The job and education fair for renewable
energies and energy efficiency, the "zukun-
ftsenergien nordwest", opened its gates for
the fourth time on the 1st and 2nd March
2013 in Bremen and for the fifth time on the
21st and 22nd March 2014 in Oldenburg.
79 exhibitors in 2013 and 68 exhibitors in
2014 were presenting themselves on the
job fair: companies, universities, institutes
for further training and research institutes
involved in renewable energies and energy
efficiency. 4.500 visitors in 2013 and 3.000
in 2014 met attractive employers with open
job opportunities and traineeships. They
informed themselves on prospects for fur-
ther education, and received insight into

the branch by taking part in workshops and
company presentations. The "zukunftsen-
ergien 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 exper-
tise. This program was complemented by
excursions to well known companies and
regional facilities as well as application
trainings.

The "zukunftsenergien nordwest" is sup-
posed to take place once a year alternating
in Oldenburg and Bremen. It started 2010
in Oldenburg.

Job and Education Fair “zukunftsenergien nordwest 2014"

zukunftsenergien

JOB- & BILDUNGSMESSE
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ForWind-Events 2013

ForWind Course of Lectures

ForWind Head Office

Elke Seidel

After a pause ForWind restarted the public
course of lectures "ForWind Vortragsreihe"
concerning various, predominantly techni-
cal aspects of energy research and supply,
focussing on wind energy, serving as a
connecting link among research institu-
tions, universities and the industry, inviting
national and international speakers and dis-
cussing their area of expertise.

Winter Term 2013/2014

Neues Konzept fiir ein Offshore-
Umspannwerk — schwimmend
transportiert, umweltvertraglich
installiert und immer bewohnt

Dr. Claus Burkhardt,

Geschéftsfiihrer Technik Betrieb, Global
Tech I Offshore Wind GmbH

Riffgat — Errichtung eines
Offshore-Windparks in der Nordsee
Irina Lucke,

Geschiftsfiihrerin, EWE Offshore Service
& Solutions GmbH

HGU-Erdkabel: Potentiale und
Erfahrungen on- und offshore

Heike Klaus,

Projektleiterin Genehmigungen Near- und
Onshore Offshore Kaufménnische Auf-
gaben und Initiierung | Projektinitiierung,
TenneT Offshore GmbH

Wing
e Vortrg

gsre,'h e

DyNaLab — der groBtechnische
Priifstand fiir komplette Gondeln von
Windenergieanlagen

Prof. Dr.-Ing. Jan Wenske,
stellvertretender Institutsleiter Fraunhofer-
Institut fiir Windenergie und Energie-
systemtechnik IWES Bremerhaven

Bauwerk Offshore Windenergieanlage
— wie baut man das aus Beton?

Prof. Dr.-Ing. Steffen Marx, Geschéftsfiih-
render Leiter des Instituts fiir Massivbau,
Leibniz Universitdt Hannover

ForWind Vortragsreihe

Wi

Smart Nord — Intelligente Netze Nord-
deutschland

Prof. Dr. Michael Sonnenschein,
Sprecher des Forschungsverbundes und
Leiter der Abteilung Umweltinformatik,
Carl von Ossietzky Universitdt Oldenburg

Challenges for a base and service port
in the offshore wind industry — the
Port of Eshjerg

Seren Clemmensen,

Sales Manager Port of Esbjerg
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Dr. Claus Burkhardt, Prof. Dr.-Ing. Jan Wenske,
Global Tech I Offshore Wind GmbH Fraunhofer-Institut fiir Windenergie und Energiesystemtechnik
IWES

ForWind \/

uenpetens dmch Fanchung

Irina Lucke, Prof. Dr.-Ing. Steffen Marx,
EWE Offshore Service & Solutions GmbH Leibniz Universitat Hannover

ForWind \/

Heike Klaus, Prof. Dr. Michael Sonnenschein,
TenneT Offshore GmbH Carl von Ossietzky Universitat Oldenburg
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Hannover Messe 2013, April 8th - 12th

ForWind Head Office

Elke Seidel

Also in April 2013 ForWind participated
again in the Hannover Messe — the world's
biggest industrial fair — at the joint stand of
Lower Saxony “Energie aus Niedersach-
sen”, introducing ForWind and its services
in research, consultancy, education, further
education and events.

For the first time, ForWind presented the
newly developed compact wind LiDAR
»Whirlwind“ for integration in wind tur-
bines supporting the control system by di-
rect inflow measurements and thus reduc-
ing loads induced by wind gusts.

EU-Commissioner for Research,
Innovation and Science Maire
Geoghegan Quinn

e e R P .

ForWind also presented two additional
measurement methods:

Multi-LiDAR and the enhanced 2D-Laser-
Cantilever-Anemometer.

Multi-LiDAR is a measurement facility
which is under development at ForWind
based on LIDAR — Light Detection And
Ranging.

Multi-LiDAR allows for velocity meas-
urements in complex atmospheric flows in
three dimensions with a high temporal and
spatial resolution.

The further enhanced 2D-Laser- Cantile-

ver-Anemometer for high-precision meas-
urements of wind speeds and directions is

@ Niedersachsen

EU delegate Matthias Groote

a method for laboratory wind flows, which
could be used and tested by visitors on the
spot.

In the field of further education ForWind
presented its two study programs ,,Contin-
uing Studies Program Wind Energy Tech-
nology and Management* and ,,Continuing
Studies Program Offshore Wind Energy“
as well as the seminar program of the For-
Wind Academy, a partner for qualification
in the wind energy sector.

Within organized tours of the initiative
"Tectoyou" several pupils choose to inform
themselves about wind energy at ForWind.
Using exhibits, it was inter alia explained
why wind power turbines have to cut out
during a storm.

ForWind was glad to welcome two of
Lower Saxony's Ministers as well as rep-
resentatives of the EU amongst many other
visitors.

Almut Kottwitz, State secretary of the
Ministry for Environment, Energy and
Climate Protection
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Dietmar Schiitz, President of the German
Renewable Energy Federation BEE
(Bundesverband Erneuerbare Energie e.V.)

Visits of pupils organized by Tectoyou

Industry experts
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German Unity Day

Tag der Deutschen Einheit 2013 in Stuttgart

ForWind Head Office

Elke Seidel

ForWind was asked to give an insight into
wind energy and wind energy research in
the pavilion of Lower Saxony during the
festivities around the German Unity Day
2013 in Stuttgart October 2nd — 3rd, start-
ing already with a welcome opening party
on the evening of October 1st.

To demonstrate how huge wind turbines
have become, ForWind exhibited an origi-
nal offshore wire cross section and an
orginal screw and winding combination

used in the tower which could be touched
and hold.

In addition the laser measurement tech-
nique LiDAR (light detection and ranging)
was shown as well as an activity exhibit to
create a storm deactivaton of a wind tur-
bine model.

The main attraction and a great success
was a photo session offered by ForWind
with a wind turbine model and a group of

true-to-life sheep. Visitors could take their
photograph home as a postcard with an in-
vitation to visit Hannover on the German
Unity Day 2014.

Several thousand people visited the festivi-
ties and ForWind distributed more than 850
photographs to all kinds of visitors, young
and old — between them the Prime Minis-
ter of Lower Saxony Stefan Weil and the
Minister of Justice and Antje Niewisch-
Lennartz.

~,
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H Niedersachsen

Egal, ob dey Wind aus
Ost oder West kommt.
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Research Alliance for Wind Energy
Signing of the Cooperation Agreement

ForWind Head Office
Elke Seidel, Stephan Barth

Partners:

German Aerospace Centre (DLR),
Fraunhofer Institute for Wind Energy and
Energy Systems Technology (IWES)

A unique alliance for German wind energy
research was officially formed in Berlin on
January 31st — the Research Alliance for
Wind Energy.

Representatives of the three partners, the
German Aerospace Centre (DLR), For-
Wind, the Center for Wind Energy Research
of the Universities Oldenburg, Hannover
and Bremen, and the Fraunhofer Insti-

FORSOMUNGSVIRIUAS WINTENIRGIE I &

- - —

tute for Wind Energy and Energy Systems
Technology (IWES) signed the cooperation
agreement. The combined know-how of
more than 600 scientists will pave the way
for ground-breaking impulses for a renew-
able energy future based on on- and offshore
wind energy.

The research alliance, through its personnel
strength and by networking knowledge and
expertise, will be able to successfully pro-
cess long term and strategically important
major projects.

A research infrastructure with test centres
and laboratories will process innovative is-
sues and set standards across the globe.

The partners’ content-related cooperation

starts directly in the BMU funded project
“Smart Blades — Development and Con-

-

struction of Intelligent Rotor Blades” which
has a project volume of 12 million Euros
and a runtime of 39 months.

Turbine builders so far have shied away
from the development and use of smart
blades. The great challenge will be that
through use of active mechanisms the rotor
blades do not become less reliable, heavier
and more maintenance intensive and prime
costs do not increase. Therefore, the target
of the research project is proving the fea-
sibility, efficiency and reliability of smart
blades.

The kick-off for this first major alliance
project was also on January 31st in Berlin,
meaning that work, using one ,,passive’ and
two alternative ,,active* technologies, on the
rotor blade design tasks could go ahead im-

mediately.
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Research Alliance for Wind Energy
First Research Colloquium on October 8th in Bremen

ForWind Head Office

ForWind Oldenburg:

Elke Seidel, Stephan Barth

Forwind Bremen:

Birgit Erdfelder, Klaus-Dieter Thoben, BIBA

Partners:

German Aerospace Centre (DLR),
Fraunhofer Institute for Wind Energy and
Energy Systems Technology (IWES)

Following the official signment of the coop-
eration agreement in January, the Research
Alliance for Wind Energy decided to organ-
ize an annually meeting to get to know the
institutions” colleagues, exchange results

|

Research Alliance
Wind Energy

and ideas and discuss further needs for wind
energy research as well as the future strat-
egy for the research alliance.

The first research colloquium took place
in Bremen at the BIBA, a scientific engi-
neering research institute. In general talks
and discussions the main research topics

were identified by voting and lively talked

Forschungsverbund
Windenergie

through in smalller groups. The results
again being presented afterwards in full as-
sembly.

The first meeting was a success, and will
be followed by a meeting in 2014 in Braun-
schweig. Since February 2013 the research
alliance has got its own logo.
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Research Alliance for Wind Energy
Meeting with Federal Minister for the Environment, Nature
Conservation, Building and Nuclear Safety Peter Altmaier

ForWind Head Office
Elke Seidel

Partners:

German Aerospace Centre (DLR),
Fraunhofer Institute for Wind Energy and
Energy Systems Technology (IWES)

On January 17th the coordinators of the
Research Alliance for Wind Energy had
the possibility to meet the German Fed-
eral Minister for the Environment, Nature
Conservation, Building and Nuclear Safety
(BMU) Peter Altmaier in Berlin.

Dr. Jan TeBmer, German Aerospace Center
(DLR), Dr. Stephan Barth, ForWind — Cent-
er for Wind Energy Research and Prof. Dr.

Andreas Reuter, Fraunhofer Institute for
Wind Energy and Energy System Technol-
ogy IWES presented the Research Alliance
and discussed the need of sustaining po-
litical framework for wind energy research.
Part of the talk was the BMU funded pro-
ject “Smart Blades — Development and
Construction of Intelligent Rotor Blades”,
the first joint research programme of the re-
search alliance.

FORSCHUNGSVERBUND WINDENERGIE

ForWind V7 £
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European Academy of Wind Energy —
Head Office in Oldenburg

The EAWE e.V. is a registered body of re-
search institutes and universities in Europe
working on wind energy research and de-
velopment. The Academy was founded in
2004 to formulate and execute joint R&D
projects and to coordinate high quality sci-
entific research and education on wind en-
ergy at a European level.*

At the end of 2013 the Ministry of Science
and Culture of Lower Saxony granted fi-
nancial support for the EAWE to establish
a head office in Oldenburg to support the
annually elected President, Vice President
and Past President.

*Source: www.eawe.eu

AN

European Academy of Wind Energy

Selection of International Events and Visits

Dutch Wind Energy Professor Gijs van Kuik for research visit in Germany

In cooperation with ForWind Oldenburg
Professor Dr. Gijs van Kuik, stayed as
a,,Fellow™ for a three months fellowship
at the Hanse-Wissenschaftskolleg (HWK)
in Delmenhorst from April to June 2013.
Van Kuik is professor at the Delft Univer-
sity of Technology and inter alia scientific

director of the wind energy research orga-
nization DUWIND and longtime member
of EAWE, of which he was president in
2008/2009. Free of academic obligations
van Kuik could spend time at the Univer-
sity of Oldenburg on chosen scientific pro-
jects.

EAWE-Seminar ,Long-term Scientific Challenges in Wind Energy

Development”

In the midst of May 2013 the first EAWE
seminar ,,Long-term Scientific Challenges
in Wind Energy Development took place,
organized by Prof. Dr. Joachim Peinke
(Universitdt Oldenburg), Prof. Dr. Gijs
van Kuik (University of Delft) und Carlos
Simao Ferreira (University of Delft) in co-
operation with the Hanse-Wissenschafts-

kolleg (HWK) in Delmenhorst. Intention
was a working paper of the needed future
direction of wind energy research which
being mutually developped online by the
EAWE members afterwards should be
used to also include basic research in futu-
re research programmes.

Newspaper Readers won ForWind Visit in Competition

An exclusive insight in ForWind's labora-
tories and wind tunnel in Oldenburg was
the prize for a group of newspaper readers
in July who took successfully part in a
competition. Within two hours a LiDAR
(light detection and ranging) measurement
facility on the university's roof was visited

as well as the wind tunnel on the ground
floor with possible speed rates up to 50 m/s.
Inter alia also a smaller wind tunnel with
an active mesh was shown, used to create
turbulent flows and needed for the more an
more important turbulent research.
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ForWind-Events 2014

ForWind Course of Lectures

ForWind Head Office

Elke Seidel

After a pause ForWind again started its
public course of lectures concerning vari-
ous, predominantly technical aspects of
energy research and supply, focussing on
wind energy, serving as a connecting link
among research institutions, universities
and the industry, inviting national and in-
ternational speakers and discussing their
area of expertise.

Summer Term 2014

Niedersachsen macht Kohle -
CO02-neutrale Kohle aus biogenen
Rest- und Abfallstoffen

Thomas Greve, Institut fiir Physik,
Universitdt Oldenburg

Testzentrum fiir Tragstrukturen —

ein Beitrag zur Optimierung von
Onshore- und Offshore-Windenergie-
anlagen

Dr.-Ing. Maik Wefer, Abteilungsleiter
Tragstrukturen, Fraunhofer-Institut fiir
Windenergie und Energiesystemtechnik
IWES | Hannover

Zentrum

ForWind V7.

ForWind Vortragsreihe

Sommersemester 2014

Ammerlénder Heerstr. 136

26129 Oldenburg

Gebaude V02, Seminarraum 114, 1. Stock

05,2014, 16:15 Uhr

Niedersachsen macht Kohle

Innovative Wetter- und Leistungsprognosemodelle fiir
die Netzintegration wetterabhangiger Energietriger —
das Forschungsprojekt EWeLiNE

€0,-neutrale Kohle aus biogenen Rest- und

Abfallstoffen

Testzentrum filr Tragstrukturen —

Offshore-Windparks in Nord- und Ostsee —
Was ist im Genehmigungsverfahren zu beachten?

ein Beitrag zur Optimierung von Onshore- und

Offshore-Windenergieanlagen

Wie wird das Wetter morgen?
Innovative Wetter- und Leistungs-
prognosemodelle fiir die
Netzintegration wetterabhéangiger
Energietrager — das Forschungsprojekt
EWeLiNE

Dr. Malte Siefert, Projektleiter des
Forschungsprojekts EWeLiNE,
Fraunhofer-Institut fiir Windenergie und
Energie- systemtechnik IWES | Kassel

Holz - der neue Baustoff fiir Windenergieanlagen der
Multimegawattklasse?

reyenschmidt, Produktentuickler und Baulete,
GmbH

Offshore-Windparks in Nord- und
Ostsee — Was ist im Genehmigungsver-
fahren zu beachten?

Dr. Nico Nolte, Leiter des Referates
,,Ordnung des Meeres* am Bundesamt fiir
Seeschifffahrt und Hydrographie (BSH)

Holz - der neue Baustoff fiir
Windenergieanlagen der
Multimegawattklasse?
Christian Kreyenschmidt,
Produktentwickler und Bauleiter,
TimberTower GmbH
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Thomas Greve, Institute of Physics, Universitat Oldenburg Dr.-Ing. Maik Wefer, Head of department Support Structures,
Fraunhofer Institute for Wind Energy Systems
IWES | Hanover
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Christian Kreyenschmidt, product designer and construction manager, TimberTower GmbH
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Hannover Messe 2014, April 7th - 11th

ForWind Head Office

Elke Seidel

At the Hannover Messe in April 2014, the
world's biggest industrial fair, ForWind
was again amongst the presenting partners
at the joint stand of Lower Saxony "Ener-
gie aus Niedersachsen".

Introducing ForWind and its services in re-
search, consultancy, education, further ed-
ucation and events, ForWind also focussed
on exhibiting measurement techniques:

The compact wind LiDAR "Whirlwind",
developed at the University of Oldenburg
for integration in wind turbines supports
the control system by direct inflow meas-

Trade Visitors

urements, thus reducing loads induced by
wind gusts.

Multi-LiDAR a measurement facility un-
der development at ForWind (based on
LIDAR - Light Detection And Ranging)
allows for velocity measurements in com-
plex atmospheric flows in three dimensions
with a high temporal and spatial resolution.

With the new sphere anemometer, For-
Wind Oldenburg features a sensor proto-
type which provides a high temporal and
spatial resolution. The absence of moving
parts makes it a durable and low-mainte-
nance sensor for offshore use. In the field
of education ForWind informed about
several study courses and course speciali-
sations in Wind Energy, the further educa-
tion study programmes "Continuing Stud-

The Minister for Environment, Energy
and Climate Protection Stefan Wenzel

ies Programme Wind Energy Technology
and Management" and "Continuing Stud-
ies Programme Offshore Wind Energy"
as well as the seminar programme of the
ForWind Alcademy, a partner for qualifi-
cation in the wind energy sector. Next to
trade visitors from public service, research
and industry, international delegations and
students also several groups of interested
pupils within the organized tours of the ini-
tiative "Tectoyou" were welcomed.

ForWind was especially glad to meet the
Prime Minister of Lower Saxony Stefan
Weil, the Federal Minister of Education
and Research Prof. Dr. Johanna Wanka,
the Minister for Economics, Labour and
Transport Olaf Lies and the Minister for
Environment, Energy and Climate Protec-
tion Stefan Wenzel.

Meeting experts from Ministry and
Industry
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The Minister for Economics, Labour and Transport Olaf Lies

) mr— -
Public talk within the forum of the
German Renewable Energy Federation BEE
(Bundesverband Erneuerbare Energie e.V.)
ForWIng Y

Visit of ForWind's Scientific Advisory
Council

o Vs 3
International groups of students
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Tenth Anniversary of ForWind

ForWind Head Office

Combining research on wind energy and
promoting the transfer of knowledge be-
tween science, industry and politics — this
is the goal of ForWind, the Center for Wind
Energy Research, which was launched in
2004. Nine research groups from the uni-
versities of Oldenburg and Hanover joined
forces. The University of Bremen joined
the Centre in 2009. Today ForWind has 28
working groups at its three locations with
almost 300 employees. They conduct en-
gineering and physical research in all areas
of wind energy.

ForWind celebrates ist tenth anniversary
with a ceremony in the lecture hall centre
of the University of Oldenburg

On February 18th ForWind celebrated its
tenth anniversary with a ceremony in the
lecture hall center of the University of
Oldenburg and looked back on a dynamic
development. Guests included the Minister
of Science and Culture of Lower Saxony,
Dr. Gabriele Heinen-Kljajic, Prof. Dr.
Katharina Al-Shamery, Vice President for
Research at Oldenburg University, Prof.
Dr.-Ing. Erich Barke, President of Leib-
niz University Hannover and Dr. Martin

Mehrtens, Chancellor of Bremen Univer-
sity, as representatives of the participating
universities and numerous personalities
from politics, business and science.

"The ForWind research alliance provides
important impulses for the future of renew-
able energies," said Dr. Gabriele Heinen-
Kljajic, Lower Saxony's Minister of Sci-
ence and Culture, on the occasion of the
institution's tenth anniversary. "With its
strong international engagement and close
cooperation with partners from science and
industry, ForWind has contributed to mak-
ing the Northwest a leading location for
wind energy research.”
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Research Alliance for Wind Energy is award the
"Norddeutsche Wissenschaftspreis 2014"

ForWind Head Office

Stefan Barth, Elke Seidel

The Research Alliance for Wind Energy of
the three partners, the German Aerospace
Centre (DLR), ForWind, the Center for
Wind Energy Research of the Universities
Oldenburg, Hannover and Bremen, and the

Fraunhofer Institute for Wind Energy and
Energy Systems Technology (IWES) won
the "Norddeutsche
2014".

Wissenschaftspreis

Norddeutscher Wissenschaftspreis 2014 — awarded by the
Minister of Science and Culture of Lower Saxony Dr. Gabriele

Heinen-Kljaji¢

Foto: Daniel Pilar/Nds. Ministerium Wissenschaft und Kultur

The northern federal states of Germany
(Bremen, Hamburg, Mecklenburg-West
Pomerania, Lower Saxony and Schleswig-
Hostein) aim to further strengthen research
within their states and improve research
networking between them.

Therefore since 2012 they are offering
a mutual open competition for northern
cross-national project cooperation in the
field of science.

The goal is to not only support cross-na-

tional cooperation within the northern fed-
eral states but also to increase its visibility.

Pegriifueg

Vorirayg

Norddeutscher Wissenschaftspreis 2014 — The Award

Minialischer Auftake

Each year the ceremony is organised by a
different federal state with a varying fo-
cus. In 2014 the focus was energy research
and the ceremony took place in Hannover,
Lower Saxony. The award is endowed with
prize money of 50.000,00 Euros.

//

Forschungsverbund

Research Alliance

Norddeutscher Wissenschaftspreis 2014 — representatives of
the ministries and senators of the northern federal states,
of the award winners

Foto: Daniel Pilar/Nds. Ministerium Wissenschaft und Kultur

) ch E‘W'ssens' aftspreises 20
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Testing Towers and Foundations —
Opening of the Wind Energy Test Centre for
Support Structures (Testzentrum fur Tragstrukturen, TTH) in
Hannover-Marienwerder in September 2014

Leibniz Universitat Hannover
Forwind

Raimund Rolfes, Peter Schaumann

One of the most spectacular new construc-
tion projects of the Leibniz Universitét
Hannover was opened in September 2014
after almost two years of construction. The
new Test Centre for Support Structures is
located in Hannover-Marienwerder. It will
perform high-level strategic research in
the area of onshore and offshore wind tur-
bines, for instance optimization of the de-
sign of support structures and construction
technology. For the ceremonious opening,

high-ranking representatives from politics
and the economy were greeted: Stephan
Weil, Prime Minister of Lower Saxony,
and Uwe Beckmeyer, Parliamentary State
Secretary in the Federal Ministry for Eco-
nomic Affairs and Energy.

For a successful energy turnaround tech-
nological innovations are needed. The new
Test Centre for Support Structures (TTH)
can make a substantial contribution in or-
der to meet this objective and to step up
the wind energy research in Lower Saxony.
The business location Germany benefits
immensely from the excellent transfer of
practical experience. Hence, the Federal
Ministry for Economic Affairs and Energy

decided to finance the Test Center by al-
locating 17.8 million Euro.

Fraunhofer Institute for Wind Energy and
Energy System Technology (IWES) and
the Leibniz Universitdt Hannover have
signed a cooperation agreement through
joint activities in the area of wind energy
research. The construction of the Test Cen-
tre is part of the cooperation agreement.
The Test Center facilitates realistic testing
and shortens the time to market readiness
of the design of support structures.

For the ceremonious opening, high-rank-

ing representatives from politics and the
economy were greeted: Stephan Weil,

™ s et T il -

Test Centre for Support Structures (TTH) in Hannover-Marienwerder, picture: Mathias Schumacher, Leibniz Universitat Hannover
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Prime Minister of Lower Saxony, and Uwe
Beckmeyer, Parliamentary State Secretary
in the Federal Ministry for Economic Af-
fairs and Energy.

For a successful energy turnaround tech-
nological innovations are needed. The new
Test Centre for Support Structures (TTH)
can make a substantial contribution in or-
der to meet this objective and to step up
the wind energy research in Lower Saxony.
The business location Germany benefits
immensely from the excellent transfer of
practical experience. Hence, the Federal
Ministry for Economic Affairs and Energy
decided to finance the Test Center by al-
locating 17.8 million Euro.

Fraunhofer Institute for Wind Energy and
Energy System Technology (IWES) and
the Leibniz Universitdt Hannover have

signed a cooperation agreement through
joint activities in the area of wind energy
research. The construction of the Test Cen-
tre is part of the cooperation agreement.
The Test Center facilitates realistic testing
and shortens the time to market readiness
of the design of support structures.

Together with scientists from the Fraun-
hofer Institute for Wind Energy and Energy
System Technology (IWES) and various
LUH institutes, private and public sector
clients have the opportunity to develop ro-
bust support structures.

The Test Center for Support Structures
(TTH) for onshore and offshore wind tur-
bines offers a unique infrastructure for test-
ing all types of support structures (towers
and foundations) on a scale of 1:10 and
larger.

The foundation test pit and the span can
be used to investigate fatigue and extreme
load behavior under multi-axial loading.
The test center also offers four specially
equipped laboratories to carry out scien-
tific investigations. The “Structural Health
Monitoring laboratory”, the “soil mechan-
ics laboratory”, the “concrete laboratory”
and the “fiber composite laboratory” com-
plete the infrastructure of the test center.

Clearly defined testing procedures up to
extreme loads provide reproducible re-
sults and thus allow complex questions to
be answered. Bringing together structural
models, numerical analyses and large-
scale experiments, simulation models can
be validated, and wind turbines with im-
proved availability and better cost effec-
tiveness can be realized.

Ceremonious opening of the Test Center by Prof. Dr.-Ing. Raimund Rolfes, Prime Minister of Lower Saxony Stefan Weil, Parliamentary
State Secretary in the Federal Ministry for Economic Affairs and Energy Uwe Beckmeyer, President of the Leibniz Universitat Hannover
Prof. Dr. Ing. Erich Barke, Prof. Dr.-Ing. Thorsten Schlurmann and Prof. Dr.-Ing. Peter Schaumann (from left to right), picture: Mathias
Schumacher, Leibniz Universitat Hannover
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Foundation test pit of the Test Center, picture: Mathias Schumacher, Leibniz Universitdt Hannover

The structure’s dynamic and fatigue be-
havior under long-term cyclic loading by
waves, wind and operation can be repro-
duced in short time, i.e., tests lasting three
to four months can provide meaningful
results.

System reserves can be determined, fur-
ther optimization potential can be defined,
and the structural design can be adapted
accordingly. Constructing more slender
structures while maintaining structural
safety and reliability enables savings on
materials and logistics. Besides, more en-
vironmentally acceptable and economical
construction methods can be developed
and tested at TTH.

Adapted to the requirements of wind power
plants, the Generator Converter Laboratory
(GeCoLab) with a test bench for genera-
tors and converters will be available. The

generator converter test bench consists of a
test bench (1MW) with the most common
generator types (permanent-magnet syn-
chronous machine and double-fed asyn-
chronous machine). Both are connected by
gear. A 3 MW net emulator can simulate all
important grid situations. The focus of re-
search lies on interactions of generator and
converter, grid supporting strategies for
wind turbines (converter control) and as-
pects of generators (early fault recognition,
fault-tolerant operation, bearing current).

The Test Center for Support Structures is
property of Leibniz Universitdt Hannover
and ForWind. Fraunhofer IWES is the
main user of the infrastructure.

The facilities at the centre are rounded off
with special laboratories for concrete, fibre
composite materials and geotechnical in-
vestigations along with a resonance testing

machine and a climate chamber. This re-
sults in reproducible data for extreme and
cyclic loading of components and materi-
als. Three to four months are required in
the hall to simulate the requirements dur-
ing a wind turbine’s entire lifespan. The in-
terplay of models, large-scale experiments
and numerical calculations make it possi-
ble to design wind turbines more precisely
and to validate simulation programmes.
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Experimental setup with span, electrical machinery and connector panel, picture: Institute for Drive Systems and Power Electronics,
Leibniz Universitdt Hannover

Further information:

https://www.tth.uni-hannover.de/
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International Wind Engineering Conference 2014 —
Support Structures and Electrical Systems — (IWEC 2014)

Introduction

Climate change and the dangers arising
from the nuclear energy have led to a re-
think in energy supply in German politics
and society. The transformation of the ener-
gy system into regenerative energies, which
is characterized as an energy transformation
— here, in particular, wind power — is a major
challenge for science and industry.

Background

From 3 to 4 September 2014, the IWEC
2014 took place in Hanover at the Leibniz
University. Organized by representatives of
the Leibniz University, Fraunhofer IWES
and the ForWind research group, the focus
was on the exchange of current research re-
sults at an interdisciplinary level.

The main focus was on support structures,
generators and power electronics as well as
installation and operation. The "opening lec-
ture", held by Jos Beurskens (ECN, Nether-
lands), focused on wind energy research
with regard to cost reduction and cost-
effectiveness. The three keynote lectures
were held by Michael Muskulus (NTNU,
Norway), Hans-Dietrich Haasis (University
of Bremen, Germany) and Freede Blaabjerg
(AAU, Denmark). The scientific contribu-
tions of the conference participants ranged
from the use of air bubbles to the reduction
of noise pollution during the construction of
offshore wind turbines over the behavior of
double-fed asynchronous machines in the
case of network faults and structural health
monitoring (SHM) in offshore wind energy
installations.

Several presentations from industry repre-
sentatives with new developments and in-
novations have been added to the agenda of
the scientific lecture program.

Here, for example, the key supplier for
offshore foundations is EEW Special Pipe
Construction GmbH and the specialist in
modern offshore engineering and design
Overdick GmbH & Co. KG.

The IWEC 2014 was concluded with the
ceremonial opening of the Test Center for
Support Structures in the presence of the
Prime Minister of Lower Saxony Stephan
Weil and the Parliamentary State Secre-
tary in the Federal Ministry for Economic
Affairs and Energy, Uwe Beckmeyer. Ad-
ditionally, the 83 participants of the IWEC
and 160 invited representatives from aca-
demia and industry participated in the open-
ing ceremony.

Goals

The main objective during the IWEC 2014
planning phase was to enable and promote
the exchange of current international re-
search results at an interdisciplinary level.
This has been quite successful with a total
of 43 contributions, which were divided into
10 sessions.

With 18 contributions from Hanover, the
Leibniz University also boosts its position
as an international research centre in the
field of wind energy.

The fact that the vast majority of partici-
pants did not originate from Hanover is
another indication that the conference was
well received in wind energy research. In-
cluding German scientists, the IWEC also
attracted participants from 6 other nations,
among them were representatives from
Spain, Norway, the Netherlands, China and
India. The large number of external confer-
ence participants also led to excellent net-
working opportunities for the scientific staff
and professors from Hanover who were
inspired by the pleasant atmosphere during
the "Conference Reception".

The research infrastructure of the Leibniz
University of Hanover was presented to a
large audience at the ceremonial opening
of the Test Center for Support Structures
(TTH). With a total of almost 250 guests,
the event, which was an integral part of
IWEC, was very well attended. The lectures
were held at the opening of the test center
in the buildings of the large wave channel.
Furthermore the research infrastructures
were unveiled.

A particular focus here was on the founda-
tion test pit and the span, where large-scale
models can be tested for their offshore suit-
ability. In addition to this, other specialized
laboratories, which were located in the Test
Center, were also opened and could be vis-
ited by the participants throughout the day.

Conclusion

From the organizers point of view, the
IWEC 2014 was thus regarded as a com-
plete success. We were able to meet all of
our targets in full.

The only deficit was, with regard to the pre-
vious planning work, the number of active
conference participants. Some 200 active
participants have been included in the con-
ference. The EEG reform 2014 affected the
IWEC indirectly. Due to the long-term un-
explained revision of the EEG, 2014 is a dif-
ficult year for the wind energy industry. Sci-
entific conferences on renewable energies
were generally less frequented. Especially
in industry, waiting for the reformed EEG
has led to a decline in participation in scien-
tific conferences. However, the small num-
ber of participants will not be considered
a disadvantage for the IWEC. Despite less
active contributions than expected, a lively
scientific exchange took place. There was a
lot of room for scientific discussions, which
were highly intensive. The professional
exchange between experts at the confer-
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ence was appreciated by many participants.
Again, there was a very positive feedback
from the conference participants and guests.
In addition, the unique research infrastruc-
ture at the Leibniz University was presented
to a broad specialist audience of 250 people.
The national, European and international
networking of the Hanover Research Center
in the area of wind energy could thus be pro-
moted and the wind energy research in Han-
over could be brought to a large audience.

Outlook

Due to the positive feedback of conference
participants and banquets, the IWEC 2014
is regarded as a great success. In the long-
term view, scientific meetings in Hanover
will be established as international confer-
ences on wind energy engineering as part of
a conference series in Lower Saxony.
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Research Alliance for Wind Energy
at WindEnergy Hamburg, September 23rd — 26th

ForWind Head Office

Elke Seidel

Partners:

German Aerospace Centre (DLR)
Fraunhofer Institute for Wind Energy and
Energy Systems Technology (IWES)

At the trade fair Hamburg WindEnergy,
September 23rd — 26th, the Research Alli-
ance for Wind Energy of the three partners

parchungaverbund | L

German Aerospace Centre (DLR), For-
Wind — Center for Wind Energy Research
and Fraunhofer Institute for Wind Energy
and Energy Systems Technology (IWES)
introduced its portfolio in research, devel-
opment and higher education.

The research alliance welcomed visitors
from all areas of research, industry and
politics and used the occasion for several
expert meetings. To demonstrate research
topics and developments in a more vivid
way, the research alliance presented a

Forschungsverbund

modified drive train with lower service in-
tensity, a rotor blade model with active flap
system for load reduction, a rotor blade tool
form with new production technology and
a system for the early detection of damages
in rotor blades. The focus on rotor blades
was due to the joint research project of the
research alliance “Smart Blades — Develop-
ment and Construction of Intelligent Rotor
Blades”.

Research Alliance
Wind Energy

Windenergie

i

-

Windenergle

|

-
Forschungsverbund K*
Windenergie

Gemeinsam forschen fiir den Wandel
Joint Research for the Age of Renewables

INFRASTRUKTUR
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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 reshape our energy
systems, decarbonise our economies and
boost jobs and growth. (...) Global Wind
Day is a coordinated action between the
European Wind Energy Association, the
Global Wind Energy Council and the na-
tional associations to introduce the general
public to wind energy through a series of
activities. In the run-up to 15th June, hun-
dreds of public events will be held all over
the world from family outings and wind
farm visits to seminars with experts and
leading industry figures.**

ForWind \7

Within the Global Wind Day 2014 For-
Wind supported the study group of pu-
pils ,,Na, Erde? of the Neue Gymnasium,
Oldenburg and the start of the event series
wJunior Science Café“, a part of the re-
search project ,,Wissenschaft debattieren®,
funded by German Federal Ministry of
Research and Technology (BMBF) at the
Schlaues Haus Oldenburg.

The pupils organized and moderated an
information evening about the design of
wind turbines including a panel discussion.
For the preparation ForWind welcomed
the study group to clarify questions, dis-
cuss possibilities and provide exhibits. At
the evening event ForWind was also part
of the panel discussion.

=

WIND DAY

15 JUNE

*Source: (http://www.globalwindday.org/about-wind-day/)

II, \ | ForWind ¥ I

—
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Coordination Office ForWind at Leibniz Universitat Hannover
Summary of 2013 and 2014

The coordination office ForWind at Leibniz
Universitdt Hannover (LUH) coordinates
the research of LUH in the field of wind
energy. New project ideas are collected and
joint project proposals are coordinated. In
order to realize this, the coordination office
integrates all associate ForWind Institutes
at LUH. The associated institutes are sup-
ported in acquisition of funded projects,
in searching for suitable industry partners
and in integration into research networks in
Germany and abroad. This is done in close
coordination with the ForWind main office
in Oldenburg.

1. European Activities of the
Coordination Office ForWind

As part of the associate EERA-Membership
(European Energy Research Alliance) of
ForWind-Hannover, the coordination office
was involved in several activities in 2013
and 2014.

For the research project ,,InnWind.eu®,
started in 2012, from the 7th framework
programme of the EU, the coordination
office took over the financial coordination
between the involved ForWind-Members
of LUH. The “Financial Report” was cre-
ated and submitted to the EU-Commission.
Therefore, a close cooperation with the
project-coordinator as well as a carefully
observance of the given EU guidelines is
very important. The well internal commu-
nication structure between the involved
ForWind-Members helps to work thinks out
in an uncomplicated way.

Not only ,,InnWind.eu® is supervised by the
coordination office, there is also the research
project “IRP-Wind” which is also funded by
the 7th framework programme of the EU.
In 2013, the coordination office was part
of the application phase of the project and
offered its help to the Hannover ForWind-
Members. And even in the operative phase

of the project it took over some administra-
tive work. This project is also accustomed
by the coordination office in the field of
finance. Similarly, it is responsible for the
internal communication and the close co-
operation with the project-coordinator and
the EU-Commission. ForWind-Hannover
was represented by the coordination office
at the kick off-meeting, which was held in
march 2014.

A very strong part of work did the coordi-
nation Office in 2014 while processing the
project proposal COREWIND, directed by
Professor Raimund Rolfes (ISD) for the EU
program Horizon 2020. It accomplished an
important part of the proposal by adminis-
trative work. The coordination office always
stood in close touch with the LUH-project-
participants as well as with the international
participants from research and industry. To
support the core group of the consortium,
the coordination office offered assistance
during the stage of application by adminis-
trative help at project meetings and confer-
ence calls. The project meetings in Hanno-
ver and Barcelona were both organized by
the coordination office. It was responsible
for the substantive work as well as for the
preparation and the follow up of the meet-
ings.

The coordination office took part in two
EERA Horizion 2020 Workshops in 2014
to continue giving advice and support to the
ForWind Institutes in Hannover regarding
the application procedure for EU funded re-
search projects.

2. Participation in conferences

The coordination office planed a miniSym-
posium named ,,Computational Methods in
Offshore Wind Energy* within the context
of the ECCOMAS (European Community
on Computational Methods in Applied Sci-
ences) Conference on Computational Meth-

ods in Marine Engineering. The symposium
was organized on behalf of the ForWind-
Board members Professor Schaumann (IfS)
and Professor Rolfes (ISD).

As a member of the EAWE (European
Academy of Wind Energy), the coordina-
tion office attended the EAWE board meet-
ing in Sweden in September 2013. Also on
the EAWE PhD Seminar on Wind Energy,
which ran parallel to the Board Meeting, the
coordination office was present.

In 2014, the coordination office participated
in the ,,EWEA Annual Conference “in Bar-
celona as well as in the ,,IRP-Wind Confer-
ence® in Amsterdam.

The first ,International Wind Engineering
Conference — IWEC 2014 took place in
Hannover in September 2014. The confer-
ence was not only supported by contribu-
tions from the associated ForWind-Hanno-
ver Institutes, the accurate implementation
of the two-day-Conference was also organ-
ized by the ForWind coordination office.
The organization for the IWEC started al-
ready in 2012. The coordination office set
up an internal organizing committee which
worked out the pioneering way of the first
IWEC in cooperation with the coordination
office. To establish the IWEC internation-
ally, the coordination office gave its help
to support the internal organizing commit-
tee of the LUH to constitute the ,,Scientific
Committee “as well as the ,,Organizing
Committee* with national and international
scientists from the field of Wind energy.

With this support and with the cooperation
to Fraunhofer-IWES, the “Call for Paper”
could be placed on several distinguished
organizations. The coordination office was
not only responsible for planning the con-
ference; it even cared about the financial
aspect of the event. It put in an application
for the public tender ,,Pro Niedersachsen* of
the Niedersédchsisches Ministerium fiir Wis-
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senschaft und Kultur (MWK). The MWK
approved the application and funded the
conference.

The two conference days in Hannover
ended up with a highlight. In a ceremonial
act the inauguration of the test center for
support structures (TTH) was celebrated.
Integrated into the conference planning, the
inauguration of the TTH was also organized
by the coordination office.

3. Representation of ForWind
Hannover on Fairs and Exhibitions

The ForWind coordination office repre-
sented the ForWind-Alliance of Hannover
on several national fairs and exhibitions in
2013 and 2014.

For the ,.Energieforschungsmesse* of the
,Leibniz  Forschungsinitiative  Energie
2050 (now: Leibniz Forschungszentrum
Energie 2050) the coordination office organ-
ized an extensive exhibition of posters from
the current ForWind Hannover research
projects. Thereby a detailed overview of
the varied field of research from ForWind
Hannover was given. A wind turbine blade
from the Institute of Structural Analysis and
an inspection robot for rotor blades of wind
turbines designed and built by a mechanical
engineering student were also organized by
the coordination office to be shown at the
fair.

Even on the ,,Zukunftsenergien Nordwest™,
the job fair in Bremen, the coordination
office presented in 2013 the wind turbine
blade as well as the Master's degree in wind
energy engineering of the LUH. This mas-
ter's degree was also presented at the fol-
lowing job fair in Oldenburg in 2014.

As part of the Research Alliance of Wind
energy (FVWE) the coordination office
took part in the “WindEnergy Hamburg
2014”. On the common exhibition stand
of the FVWE, the coordination office rep-
resented the associated ForWind partners
from Hannover.

4. Teaching in the field of wind
energy at Leibniz Universitat
Hannover

Due to the positive feedback of conference
participants and banquets, the IWNEC 2014
is regarded as a great success. In the long-
term view, scientific meetings in Hanover
will be established as international confer-
ences on wind energy engineering as part of
a conference series in Lower Saxony.

5. Support of the Test Center for
Support Structures Hannover (TTH)

During the two-year period of building the
Test Center, the coordination office did sup-
porting work to help building and to com-
mission the Test Center.

6. Cooperation with the Research
Alliance of Wind Energy (FVWE)

ForWind is one of three strong partners
within the research alliance. The Fraunhofer
Institutes fiir Windenergie und Energiesys-
temtechnik (IWES) North-West, the Ger-
man Aerospace Center (DLR) and ForWind
are part of a common network.

The coordination office gives technical ad-
vice to the FVWE-Partners and supports
them in planning and permission processes
regarding installation of research-wind-
turbines (DLR and ForWind). It was on-site
in Wieringermeer, Netherlands with the alli-
ance partners of ForWind and DLR to carry
out subject-specific inquiries at the testpark
of the Energy Research Centre of the Neth-
erlands (ECN).

During the further process the coordination
office took part in the permission process
for the FVWE-Testpark as well as in talks
with the regarding city government. And
even the meetings with all project partners
in Hannover were organized by the coordi-
nation office.

To ensure a constant flow of information
within the FVWE a weekly exchange is
held with the Alliance-Partners via confer-

ence call. Also, the coordination office takes
part in these regular discussions and is con-
tinuously informed about the latest research
projects and problems.

In October 2013, the first Colloquium of the
FVWE was held in Bremen. The coordina-
tion office was on-site to exchange informa-
tion and experiences between the Alliance-
Partners.
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Numerical Investigations on Local
Degradation and Vertical Misalign-
ments of Grouted Joints in Monopile
Foundations

Twenty-third International Offshore and
Polar Engineering Conference,

June 30th-July 5th, Anchorage, Alaska,
USA (2013)
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Schaumann, P; Steppeler, S.:

Fatigue tests of axially loaded butt
welds up to very high cycles

5th Fatigue Design Conference,
November 27th-28th, Senlis (2013)

Schaumann, P; Raba, A.; Bechtel, A.:
Impact of Contact Interface Conditions
on the Axial Load Bearing Capacity of
Grouted Connections

Proceedings of EWEA 2013,

February 4th- 7th 2013, Vienna, Austria
(2013)

Schaumann, P, Raba, A.; Bechtel, A.:
Impact of Contact Interface Conditions
on the Axial Load Bearing Capacity of
Grouted Connections

EWEA 2013, February 4th-7th, Vienna,
Austria. 2013

Schmidt, B.; Hansen, M.:

Analyse mehrjahriger Messzeitreihen
zur Ermittlung designrelevanter Last-
parameter fir Offshore-
Windenergieanlagen

DVW-Seminar "Zeitabhangige
MessgroBen”,Feb. 26th-27th 2014,
Hannover

Schmidt, B.:

Windenergie in schwerer See
Neue Energie (6), Wissenschaftlich
betrachtet, pp. 56-57, (2014)

Schmidt, M.; Miicke, T.; Milan, P.:
Windmodellierung fiir das Design von
Windenergieanlagen in Taifun-gefahr-
deten Gebieten

3. Fachtagung Energiemeteorologie,
Grainau, Germany,

June 4th-6th 2013

Schmidt, M.; Tambke, J.; Steinfeld, G.;
Heinemann, D.:

Ein verbesserter Korrekturalgorithmus
fur Ultraschalldaten
Deutsch-Osterreichisch-Schweizerische
Meteorologentagung DACH 2013, Inns-
bruck, Austria,

September 2nd-6th 2013

Schmidt, M., Tambke, J., Steinfeld, G.,
Heinemann, D.:

Conventional measurement data: good
enough for offshore meteorology?
EGU General Assembly 2014, Vienna,
Austria,

April 27th-May 2nd 2014

Schmohl, T.:

Entwicklung von Handhabungseinrich-
tungen fiir biegeweiche Materialien

- GroBflachiges preforming fiir die
Rotorblattfertigung

Kolloquium des Forschungsverbund
Windenergie, Braunschweig,

Nov. 12th 2014

Schmoor, K.A., Achmus, M.:

On the validation of reliability and
partial safety factors for axially loaded
piles in dense sand

4th International Symposium on Geo-
technical Safety and Risk (4th ISGSR),
Hong Kong, Dec. 4th-6th 2013

Schneemann, J.; Trujillo, J. J.;

Trabucchi, D.; Beck, H.; Unguran, R.;
VoB3, S.; Kiihn, M.;

GW Wakes - Measuring wake effects
in "alpha ventus" using a long range
multi lidar

FINO Conference, Kiel Presentation misc
jit! Schneemann-2013

Schneider, S.:

Strain rate dependency of concrete
fatigue.

In: Justnes, H. (Ed.): Proceedings of the
1st Concrete Innovation Conference (CIC)
2014, June 11th-14th 2014,

Oslo (Norwegen)

Sonnenschein, M.; Tréschel, M;
Liinsdorf, O.:

Smart Grids for Optimised Utilisation
of Renewable Energy Supply
Environmental Informatics and Renew-
able Energies - 27th International Confe-
rence on Informatics for Environmental
Protection, pp. 178-187 (2013)

Schwarzer, C.:

Niedersachsen: Schliisselland der
Energiewende durch (Offshore-) Wind-
energie?

Der Klimawandel in Niedersachsen und
seine Folgen fiir Meer und Kiiste
Workshop der Evangelischen Akademie
Loccum, Cuxhaven/Duhnen,

November 16th 2014

Schwarzer, C.:

Qualifizierung fiir die Windenergie:
Das Windstudium und das Offshore
Windstudium

22. Windenergietage 2014, Potsdam
November 12th 2014

Schwarzer, C.:

Berufsbegleitende Studienangebote
Windenergie

9. Job- und Bildungsmesse,
Wilhelmshaven

November 5th 2014

Schwarzer, C.:

Uberblick iiber die Offshore-
Windenergie

Mitgliederversammlung der Raiffeisen-
Volksbank, Varel-Rodenkirchen
Oktober 23rd 2014

Schwarzer, C.:

Qualifizierung fiir die Erneuerbaren
Energien am Beispiel Windenergie
FORUM ERNEUERBARE ENERGIEN auf der
HANNOVER MESSE 2014, Hannover

April 11th 2014

Schwarzer, C.:

Weiterbildung in der Windenergieb-
ranche

22. Windenergietage 2013, Rheinsberg
November 14th 2013
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DOCUMENTATION

Spéth, S., von Bremen, L., Junk, C.:
Ways to generate probabilistic wind
power forecasts from ensemble wea-
ther forecasts

Proc. Of Wind Integration Workshop
2014, pp. 1-6, (2014)

Spath, S.; von Bremen, L.; Junk, C.:
Verifikation bodennaher Windvorher-
sagen des COSMO-DE EPS fiir
Anwendungen in der Windenergie
Deutsch-Osterreichisch-Schweizerische
Meteorologentagung DACH 2013, Inns-
bruck, Austria,

September 2nd-6th 2013

Spath, S., von Bremen, L., Junk, C.,
Heinemann, D.:

Probabilistic regional wind power fore-
casts based on calibrated Numerical
Weather Forecast ensembles

EGU General Assembly 2014, Vienna,
Austria,

April 27th-May 2nd 2014

Spath, S., von Bremen, L., Junk, C.,
Heinemann, D.:

Calibration of COSMO-DE EPS wind
forecasts and their application to
short-term wind power predictions
COSMO/CLM User Seminar 2014, Offen-
bach, Germany,

March 17th-19th 2014

Spath, S., von Bremen, L., Junk, C.:
Ways to generate probabilistic wind
power forecasts from ensemble wea-
ther forecasts

Wind Integration Workshop 2014, Berlin,
Germany,

November 11th-13th 2014

Steinfeld, G., Witha, B.,

Dorenkamper, M., Bromm, M.,

Vollmer, L., Heinemann, D.:

Analysis of wind turbine wakes and
wind farm flows with the large-eddy
simulation model PALM

Proceedings of Grand Renewable Energy
2014, pp. 1-4, (2014)

Steinfeld, G., Witha, B., Dérenkamper,
M., Vollmer, L., Wurps, H.,

Heinemann, D.:

Improvement of a wind farm parame-
terization for mesoscale models based
on a parameter study with the large-
eddy simulation model PALM

14th EMS Annual Meeting, Prague, Czech
Republic, October 6th-10th 2014

Steinfeld, G., Witha, B., Dérenkamper,
M., Bromm, M., Vollmer, L.,
Heinemann, D.:

Analysis of wind turbine wakes and
wind farm flows with the large-eddy
simulation model PALM

Grand Renewable Energy 2014, Tokyo,
Japan, July 27th-August 1st 2014

Stoffels, N.; von Bremen, L.;

Heinemann, D.:

Systematische Untersuchung zur
Entstehung von VergleichmaBigungen
von Vorhersagefehlern bei der
Windleistungsvorhersage
Deutsch-Osterreichisch-Schweizerische
Meteorologentagung DACH 2013,
Innsbruck, Austria,

September 2nd-6th 2013

Tambke, J., Bye, J., A., T, Schmidt. , M.,
Wolff, J.-0.,:

Measuring and modelling the frictional
velocity u*, turbulence and heat fluxes
above the North Sea

EGU General Assembly 2014, Vienna,
Austria, April 27th-May 2nd 2014

Thiemann, P; Dollinger, C.:
Zerstorungsfreie und zuverlassige
Detektion thermischer Schadigungen
bei Schleifprozessen in Echtzeit
DFMRS-Windenergietagung 2013.
Bremen, Nov. 7th 2013

Thiemann, P; Geilert, P.; Wagner, A.:
Schleifbrand - Ansé&tze zur Erkennung
und Vermeidung beim Verzahnungs-
schleifen

In: 4. Kongress zur Getriebeproduktion,
GETPRO, Wiirzburg, pp. 209-221. (2013)

Trabucchi, D.; Beck, H.; Schneemann, J.;
Trujillo, J. J.;Unguran, R.; Voss, S.;
Kiihn, M.:

Offshore wind farm flow characte-
ristics measured by a long range
multi-lidar system: development and
preliminary results

EWEA Offshore November Presentation
misc jjtl Trabucchi-2013

Vera Tudela, L.; Kithn M.

Fatigue load monitoring of wind
turbines in a wind farm based on
standard signals

9th PhD EAWE Seminar on Wind Energy
in Europe Gotland, 2013, Sweden

Vollmer, L., Bromm, M., Steinfeld, G.,
Heinemann, D., Kithn, M.:

Wind turbine wake deflection in diffe-
rent atmospheric stratifications

14th EMS Annual Meeting, Prague, Czech
Republic,

October 6th-10th 2014

von Bremen, L.:

Key drivers for improved short-term

wind power forecasting over the last
decade: a diagnosis

2nd International Conference Energy &
Meteorology, Toulouse, France,

June 25th-28th 2013

von Bremen, L. :

Increased wind power forecast skill
due to improved NWP in the last
decade

EWEA Technology Workshop: Wind Power
Forecasting, Rotterdam, The Netherlands,
December 3rd-4th 2013

von der Haar, C.:

Design Aspects of Concrete Towers for
Wind Turbines.

In: International Seminar on Design of
Wind Turbine Support Structures,

Sept. 3rd.2014, Stellenbosch, Siid Afrika.
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von Freyberg, A.; Stobener, D.; Liibke, K.;
Goch, G.:

Flexible manufacturing of modified
involute gears

The proceedings of MTTRF 2013 Meeting,
San Francisco, California, USA,

pp. 143-160 (2013)

Winstroth, J.; Seume, J. R.:

Wind Turbine Rotor Blade Monitoring
Using Digital Image Correlation: As-
sessment on a Scaled Model

32nd ASME Wind Energy Symposium,
National Harbor, Maryland. (2014)

Winstroth, J.; Seume, J. R.:

Wind Turbine Rotor Blade Monitoring
Using Digital Image Correlation:

3d Simulation of the Experimental
Setup

EWEA 2014, Barcelona. (2014)

Winstroth, J.; Schon, L.; Ernst, B.; Seume,
J.R:

Wind Turbine Rotor Blade Monitoring
Using Digital Image Correlation: A
Comparison to Aeroelastic Simulations
of a Multi-Megawatt Wind Turbine
Journal of Physics: Conference Series,

p. 524, June. (2014)

Witha, B.; Steinfeld, G.;

Dorenkamper, M.; Heinemann, D.:
Hochaufgeldste Nachlaufsimulationen
mit dem LES-Modell PALM: Vergleich
verschiedener Turbinenmodelle und
Anwendung im Offshore-Windpark
~EnBW Baltic 1"

3. Fachtagung Energiemeteorologie,
Grainau, Germany,

June 4th-6th 2013

Witha, B.; Steinfeld, G.;

Dorenkdmper, M.; Heinemann, D.:
Large-Eddy Simulationen des Nach-
laufs von Windenergieanlagen: Ver-
gleich verschiedener Turbinenmodelle
und Anwendung im Offshore-Windpark
~EnBW Baltic 1"
Deutsch-Osterreichisch-Schweizerische
Meteorologentagung DACH 2013,
Innsbruck, Austria, September 2nd-6th
2013

Witha, B., Steinfeld, G., Heinemann, D.:
Large-eddy simulations of the internal
boundary layer and wake flow within
very large wind farms

14th EMS Annual Meeting, Prague,
Czech Republic, October 6th-10th 2014

Witha, B., Steinfeld, G., Heinemann, D.:
Advanced turbine parameterizations in
offshore LES wake simulations

6. International Symposium on Compu-
tational Wind Engineering (CWE 2014),
Hamburg, Germany, June 8th-12th 2014

Wolff, T.; Ernst, B.; Seume, J. R.:
Aerodynamic behavior of an airfoil
with morphing trailing edge for wind
turbine applications

J. Phys.: Conf. Ser. 524, 012018, DOI:
10.1088/1742-6596/524/1/012018. (2014)

Wolff, T.; Seume, J.R.:

Airfoil with Morphing Trailing Edge for
Load Reduction in Wind Turbines

33rd Wind Energy Symposium,
Kissimmee, FL/USA, DOI: 10.2514/6.2015-
1662. (2015)

Wolff, T.; Seume, J. R.:

Numerical investigation of an airfoil
with morphing trailing edge for load
reduction

10th PhD Seminar on Wind Energy in
Europe 2014, Orléans, France,

Oct 28th-31th 2014

Wurps, H., Tambke, J., Steinfeld, G.,

von Bremen, L.:

Evaluation of planetary boundary la-
yer schemes in meso-scale simulations
above the North and Baltic Sea

EGU General Assembly 2014, Vienna,
Austria, April 27th-May 2nd 2014
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Public Lectures, Articles in
Magazines and Other Publications

Barth, S.:

Herausforderungen in der
Windenergieforschung

invited talk

Public lectures, Schlaues Haus,
Oldenburg, Germany, Feb. 16th 2013

Barth, S.:

Panel discussion "Energiewende in
Europa und Niedersachsen"
Osnabriick, Germany,

May 30th 2013

Barth, S.:
Herausforderungen in der
Windenergieforschung
invited talk,UGO-Forum,
Wittmund, Germany,

Aug. 27th 2013

Barth, S.:

TV-Interview

NDR Hallo Niedersachsen
Sept. 5th 2013

Barth, S.:

Herausforderungen in der
Windenergieforschung

Wirtschaft trifft Wissenschaft: IHK-Besuch
Oldenburg, Germany, Nov.7th 2013

Barth, S.:
Moderation

10th Anniversary Celebration ForWind
Oldenburg
Feb 18th 2014

Barth, S.:

Das EEG - Bundestagsfraktion und
Energiewende in Europa

Panel discussion Rastede, Germany
May 14th 2014

Barth, S.:

TV-Interview

NDR Bingo Umweltlotterie
Aug. 8th 2014

Barth, S.:

Herausforderungen in der Windener-
gieforschung

invited talk

Lions Club Nordenham / Elsfleth
Elsfleth, Germany, Oct. 6th 2014

Barth, S.:

Der Forschungsverbund Windenergie
Preisverleihung Norddeutscher Wissen-
schaftspreis 2014

Hannover, Germany, 28.11.2014

Barth, S.:

TV-Interview

NDR Hallo Niedersachsen
Nov. 28th 2014

Barth, S.:

Herausforderungen in der
Windenergieforschung

IHK-Beirat Delmenhorst/Oldenburg-Land
Wardenburg, Germany, Dec. 1st 2014

Dollinger, C.; Sorg, M.; Thiemann, P
Aeroacoustic Optimization of Wind
Turbine Airfoils by Combining
Thermographic and Acoustic
Measurement Data

DEWI Magazin No. 43, Wilhelmshaven,
2013, pp. 61-64

Franke, J.; Thoben, K.-D.:
Binderapplikation fiir biegeweiche
Materialien

MM Maschinen Markt/CW Composites
World, 1, pp. 15-17 (2014)

Hansen, M. et al.:

Probabilistic Safety Assessment of
Offshore Wind Turbines

Annual Report 2013 in Project Safety
Assessment of Offshore Wind Turbines,
Hannover, Germany, (2014)

Hansen, M.; Schaumann, P; Kelma, S.
etal.:

Foundation and Support Structure
(wp 4)

in Probabilistic Safety Assessment of
Offshore Wind Turbines

Annual Project Report PSA-OWEA 2012,
pp. 19-26 (2013)

Hansen, M.:

Offshore - Technisches Risiko.
Neue Energie (5), Wissenschaftlich
betrachtet pp., 46-47, (2014)

Ischtschuk, L.; Ohlendorf, J.-H.:
Mapretec: a new production process
for the wind energy sector

JEC Composite Magazin, 90, pp. 30-32
(2014)

Kiihn, M.; Steinfeld, G., Cheng, P.-W.,;
Schaumann, P; Neumann, T. (Ed.):
Abschlussbericht des RAVE-Projekts
» Verifikation von Offshore-
Windenergieanlagen« (OWEA)

Final Report of BMU Project OWEA,
pp. 1-338, 2013

Kiihn, M.; Trabucchi, D.:
IEA Wind Task 32 - Lidar
IEA Wind Annual Report 2013

Marx Gomez, J., Sonnenschein, M.,
Vogel, U., Winter, A., Rapp, B., Giesen,
N. (Eds.): Proceedings of the 28th
Conference on Environmental Informa-
tics — EnviroInfo 2014 - ICT for Energy
Efficiency. BIS-Verlag, Oldenburg (2014)

Marx, S.; von der Haar, C.:

Stahlbeton- und Spannbeton-
konstruktionen fiir Offshore
Windenergieanlagen

In: Design und Installation fiir Offshore-
Windenergieanlagen und Konverterplatt-
formen

aranged by ForWind Academy and Haus
der Technik,

Nov. 3rd-4.th 2014, Hannover.

Marx, S.; von der Haar, C.; Schmidt, B.:
Bauwerk Offshore Windenergieanlage
— wie baut man das aus Beton?

In: ForWind Vortragsreihe,

Feb. 20th 2014, Oldenburg

Ohlendorf, J.-H.; Rolbiecki, M.; Schmohl,
T.; Franke, J.; Thoben, K.-D.;

Ischtschuk, L.:

Innovationen in der Handhabungs- und
Textiltechnik zur Rotorblattfertigung
Lightweight Design, 6, pp. 50-57. (2013)
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Rolbiecki, M.; Ohlendorf, J-H.; Decker, A.;
Thoben, K.-D.; Ischtschuk, L.:
Intelligente Materialbereitstellung zur
automatisierten Herstellung textiler
Preforms

Lightweight Design, 7, pp. 42-49. (2014)

Rolfes, R.; Schaumann, P;

Gottschalk, M.; Vasquez-Rojas, A.; Coll-
mann, M. et al.:

Ganzheitliches Dimensionierungskon-
zept fiir OWEA-Tragstrukturen anhand
von Messungen im Offshore-Testfeld
alpa ventus

BMU-Research Project GIGAWIND alpha
ventus, Final Report, Shaker Verlag, ISBN
978-3-8440-1762-5 (2013)

Schaumann, P.; Collmann, M.;

Konya, R.; Hassel T.; Bach, F.-W.;

DeiBer, T.A.; Priebe, S.:

Okologische und 6konmische Hoch-
leistungsfiigetechniken fiir Stahlrohr-
tiirme von Windenergieanlagen
BMU-Research Project OPTIWELD,

Final Report, Online Publication, http://
edok01.tib.uni-hannover.de/edoks/
e01fb14/780376676.pdf (2013)

Schmidt, B.:

Windenergie in schwerer See.

Neue Energie (6),

Wissenschaftlich betrachtet, pp.56-57
(2014)

Schwarzer, C.; Kérn, M.
Weiterbildung fiir die Windbranche
Berufsbegleitende Studienangebote qua-

lifizieren fiir Fach- und Fiihrungsaufgaben

in der Windenergiebranche.
Ingenieurspiegel 4 | 2013, pp. 66-67

Thiemann, P; Dollinger, C.:

Schleifbrand sicher detektieren
Magazin fiir Oberflachentechnik 67, 2013,
No. 7-8, pp. 26-28

Thiemann, P; Strébel, G.; Goch, G.:
Mikromagnetische und photother-
mische Charakterisierung thermo-
mechanischer Schadigungen

tm — Technisches Messen 80, 2013,
pp. 206-212

von Bremen, L.; Junk, C.:

Impact of various ensemble configura-
tions for wind power predictions
Deliverable Dp-5.10 in EU Project
SafeWind, pp. 1-17

von der Haar, C.:

Design Aspects of Concrete Towers for
Wind Turbines

In: International Seminar on Design of
Wind Turbine Support Structures,

Sept. 3rd 2014, Stellenbosch,

South Africa

Lectures

Achmus, M.; Schmoor, K.:
Tragstrukturen von Offshore-
Windenergieanlagen
M.Sc.-Degree-Course “Structural
Engineering"

Leibniz Universitadt Hannover
Institut fiir Geotechnik (IGtH)
Winter term 2014/2015

Achmus, M.; Lemke, K.:
Grundbaukonstruktionen
M.Sc.-Degree-Course “Structural
Engineering" and “Water-, Environmen-
tal- and Coastal Engineering”

Leibniz Universitadt Hannover

Institut fiir Geotechnik (IGtH)

Summer term 2013

Balzani, C.; Kleineidam, P.; Reuter, A.:
Planung und Errichtung von Windparks
Leibniz Universitat Hannover,

Winter term 2012/2013 and 2013/2014

Bertsch, L.; Gardner, A. D.; Mulleners, K.;
Richter, K.; Raffel, M.:

Rotor Aerodynamics

Institute of Turbomachinery and Fluid
Dynamics, Leibniz Universitat Hannover,
Winter term 2013/14

Garbe, H.:

Measurement Techniques for Signals
and Systems

Leibniz Universitat Hannover,

Summer term 2011/2012

Gomez, A. G.:

Aerodynamics and Aeroelasticity of
Wind Turbines

Leibniz Universitat Hannover,

Winter term 2013/2014

GrieBmann, T.:

Schwingungsprobleme bei Bauwerken
(lecture)

Leibniz Universitat Hannover,

Institute of Structural Analysis,

Winter term 2012/13
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DOCUMENTATION

Hahn. A.:

Transportation System Systems

Carl von Ossietzky Universitat Oldenburg,
Summer term 2011/2012

Hansen, M.; Schmidt, B.; Piehler, J.:
Sonderkonstruktionen im Massivbau
Leibniz Universitat Hannover,

Winter term 2013/2014

Hansen, M.; von der Haar, C.:
Sonderkonstruktionen im Massivbau
Leibniz Universitat Hannover,

Winter term 2014/2015

Kithn, M.:

Mechanics

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2012/2013

Kiihn, M.; Heinemann, D.; et. al.:
Introduction to Engineering Physics
Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2012/2013

Kithn, M.; Poland. K.:

Finite Element Analysis

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2012/2013

Kithn, M.; Heinemann, D.:

Introduction to Renewable Energies
Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Kiihn, M.; Schmidt, A.:

Wind Energy Utilisation

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Kiihn, M.:

Design of Wind Energy Systems

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Kiihn, M.; Heinemann, D.; Peinke, J.;
Schmidt, A.; Trabucchi, D.; Spath, S;
Dérenkamper, M.; Hélling, M.;

Wachter, M.:

Wind Physics Measurement Project
Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Kiihn, M.; Heinemann, D; Peinke, J.:
Arbeitsgruppenseminar Windenergie
Themen aktueller Forschung

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Kiihn, M.:

Mechanics

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2013/2014

Kiihn, M.; Heinemann, D.; et. al.:
Introduction to Engineering Physics
Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2013/2014

Kiihn, M.; Perrone, F.:

Wind Turbine Design Project

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2013/2014

Kiihn, M.; Heinemann, D; Peinke, J.:
Arbeitsgruppenseminar Windenergie
Themen aktueller Forschung

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2013/2014

Kuhnle, B.; Kithn, M.:

Aeroelastic Simulation of Wind
Turbines

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Lochte-Holtgreven, S.:

Tragsicherheit im Stahlbau (Structural
safety in steel constructions)

Leibniz Universitat Hannover,

Winter term 2013/2014

Poland, K.:

Basic Laboratory |

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2012/2013

Poland, K.:

Basic Laboratory |

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2013/2014

Raasch, S.:

Turbulenz Il

Leibniz Universitat Hannover
Winter term 2014/2015

Raasch, S.:

Introduction to Large-Eddy Simulation
Models

Leibniz Universitat Hannover,

Summer term 2015

Reuter, A.; Balzani, C.:
Windenergietechnik |

Leibniz Universitat Hannover,

Winter term 2012/2013 and 2013/2014

Reuter, A.; Balzani, C.:
Windenergietechnik Il
Leibniz Universitat Hannover,
Summer term 2013

Reuter, R.:

Optik der Atmosphére und des Ozeans
Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Reuter, R.:

Experimentalphysik II: Elektrodynamik
und Optik

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2013

Reuter, R:

Experimentalphysik IV: Thermodyna-
mik und Statistik

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Summer term 2014
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Reuter, R.:

Physik fiir Studierende der Chemie und
Umweltwissenschaften

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics

Winter term 2014/2015, summer term
2015

Rolfes, R.; Reinoso, J.:
Faserverbund-Leichtbaustrukturen
(lecture),

Leibniz Universitat Hannover,
Institute of Structural Analysis,
Winter term 2012/13

Rolfes, R.; Schaumann; P.; Achmus, M.:
Tragstrukturen von Offshore-
Windenergieanlagen

(lecture)

Gottfried Wilhelm Leibniz Universitat
Hannover, Institute of Structural Analysis,
Winter term 2012/13

Schaumann, P

Tragstrukturen von Offshore-
Windenegieanlagen (Support
Structures of Offshore Wind Turbines)
Leibniz Universitat Hannover,

Winter term 2013/2014

Seume, J.; Rockendorf, G.; Goméz, A.:
Renewable Energies

Institute of Turbomachinery and Fluid
Dynamics, Leibniz Universitat Hannover,
Summer term 2013

Sorg, M.; Westerkamp, J. F.:

Triebstrang einer Windenergieanlage
Universitat Bremen, Bremen Institute
for Metrology, Automation and Quality
Science, Winter term 2012/2013, Summer
term 2013

Sorg, M.; Schréter, O.:

Aufbau eines Versuchsstands zur
Durchfithrung von Untersuchungen an
Rotorblattern mithilfe der IR-Thermo-
grafie

Universitat Bremen, Bremen Institute for
Metrology, Automation and Quality
Science, Winter term 2013/2014

Sorg, M.; Behrendt, W.:

Versuchsstand aktive IR-Thermografie
(Infrarotarray)

Universitat Bremen, Bremen Institute for
Metrology, Automation and Quality
Science, Winter term 2013/2014

Thoben, K.-D.:

Produktdesign & Gestaltung -
K-Lehre 1

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Winter term 2012/13 & Winter term
2013/14

Thoben, K.-D.:

Anwendung eines 3D-CAD-Systems
Universitat Bremen, Institute for
Integrated Product Development (BIK)
Winter term 2012/13 & Winter term
2013/14

Thoben, K.-D.:

Produktdesign & Gestaltung -
K-Lehre 2

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2013 & Sommer term 2014

Thoben, K.-D.:

Konstruktionslehre — K-Lehre 3
Universitat Bremen, Institute for
Integrated Product Development (BIK)
(BIK)

Sommer term 2013 & Sommer term 2014

Thoben, K.-D.:

Anwendung und Vergleich von
Kreativitatstechniken

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2013 & Sommer term 2014

Thoben, K.-D.:
Produktionssystematik

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2013 & Sommer

term 2014

Thoben, K.-D.:

CAD - Management und virtuelle
Produktentwicklung

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2013 & Sommer term 2014

Thoben, K.-D.:

Einfiihrung in die Konstruktions-
methodik

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2012 & Sommer term 2014

Thoben, K.-D.:

Anwendung von Konstruktions-
methoden

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2012 & Sommer term 2014

von Bremen, L., Steinfeld, G.,
Heinemann, D.:

Seminar zu aktuellen Forschung-
sthemen in der Wind-Energiemeteor-
ologie

Carl von Ossietzky Universitat Oldenburg,
Institute of Physics,

Summer Term 2013

Winter Term 2013/2014,

Summer Term 2014,

Winter Term 2014/2015

von Freyberg, A.:

Geometrische Messtechnik mit Labor
Universitat Bremen, Bremen Institute
for Metrology, Automation and Quality
Science,

Winter term 2013

Weber, F.:

Concurrent Engineering

Universitat Bremen, Institute for
Integrated Product Development (BIK)
Sommer term 2013 & Sommer term 2014

Westerkamp, J. F.:

Entwurf und Aufbau eines optischen
Sensorsystems

Universitat Bremen, Bremen Institute for
Metrology, Automation and Quality
Science,

Winter term 2012/2013,

Summer term 2013
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PhD Theses

Decker, A.:

Mono-Material-Strukturen in der auto-
mobilen Anwendung zur Erhéhung der
Recycelfahigkeit

PhD Thesis,

University of Bremen (2013)

HeBling, C.:

Entwicklung selbstoptimierender
Prozesse in der NC-Verfahrenskette
PhD Thesis,

University of Bremen (2013)

Kruse, D.:

Photothermische Randzonenunter-
suchungen an warmebehandelten
Stahlen und Objekten mit thermischer
Schadigung

PhD Thesis,

Universitat Bremen (2013)

Lochte-Holtgreven, S.:

Zum Trag- und Ermiidungsverhalten
biegebeanspruchter Grouted Joints in
Offshore-Windenergieanlagen

PhD Thesis,

Leibniz Universitat Hannover (2013)
Shaker-Verlag Aachen, ISBN 978-3-8440-
1987-2

Diploma, Master, Bachelor,
and other Theses

Amini, G.:

Ermittlung der Tragfahigkeit von
Pfahlen anhand dynamischer
Probebelastung

Project-Thesis,

Leibniz Universitat Hannover (2013)

Attia,Y.:

Numerische Untersuchungen von
Pile-Raft-Griindungen fiir Offshore
Windkraftanlagen

Bachelor-Thesis,

Leibniz Universitat Hannover (2013)

Aydin, N.:

Modellierung von Logistikablaufen
Bachelor Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Bayrak, M. L.:

Optimierung eines optischen Erbium-
dozierten Faserverstarkers fiir die
Lidar-Anwendung in der Mess- und
Regelungstechnik von Windkraft-
anlagen

Master thesis,

Carl von Ossietzky University Oldenburg
(2014)

Beckmann, S.:

Alternative Messmethoden zur
Bestimmung von
Seegangseinwirkungen

Project Thesis,

Leibniz Universitat Hannover (2014

Beckroge, S.; Plate, T.:

Entwicklung eines Handhabung-
skonzeptes zur automatisierten Ablage
textiler Bahnwaren in eine Rotorblatt-
form

Master Project, University of Bremen
(2014)
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Bender, T.:

Dynamische Lastganganalyse fiir eine
Produktions- und Energieoptimierung
beim Einsatz energieintensiver Produk-
tionsanlagen und -maschinen gemaB
vertraglicher Beschrankungen der
Strombelieferung

Master Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Berger, M.:

Installationsvorgang von Suction-
Bucket-Griindungen

Diploma Thesis,

Leibniz Universitat Hannover (2013)

Berkemeyer, F.:

Messtechnische Erfassung der Einbau-
lage von meteorologischen Sensoren
Bachelor Thesis,

Universitat Bremen (2013)

Best, Chr.:

Erh6éhung der Anpassbarkeit eines
Softwaresystems — Konzept zum sys-
tematischen Anpassen an kundenindi-
viduelle Anforderungen

Bachelor Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Bloh, M.:

Optimization of the design of wind
turbine rotor blades using the “Cuckoo
Search” algorithm

Diploma Thesis,

Leibniz Universitat Hannover (2011)

Blohm, K., Vorlauf S.:

Entwicklung eines Simulations-
werkzeuges zur verteilten Agenten-
simulation mit unterschiedlichen
Synchronisationsverfahren

Master Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Bode, M.:

Korrelation von Wind- und Seegangs-
bedingungen am Standort FINO 1
Diploma Thesis

Leibniz Universitat Hannover (2013)

Bogdanski, St.:

Konzeption und Implementierung
eines Schedulers fiir Delivery-Orders in
Intralogistik-Systemen

Master Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Boske, L.:

Representing mesosclae processes in
large-eddy simulations of the
atmospheric boundary layer by means
of larger scale forcing

Master Thesis,

Leibniz Universitat Hannover (2015)

Chamoun, M.; Kantner, T.;

Mohammad, M.:

Einbringung, Erfassung und Auswer-
tung von Materialfehlern in Preforms
Master Project, University of Bremen
(2013)

Cordes, M.:

Intelligentes Management elektromo-
biler Flotten durch V2 G

Bachelor Thesis,

Carl von Ossietzky Universitat Oldenburg
(2013)

Denker, Chr.:

Ein dezentrales Agentensystem zur
Begleitung und Steuerung des
Materialflusses

Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Diederley, J.:

Numerische Schadigungsuntersuchung
an Spannbetontiirmen fiir Windener-
gieanlagen infolge Ermiidung

Diploma Thesis,

Leibniz Universitat Hannover (2013)

Délger, Chr.:

Beschreibung eines Benchmarks fiir
reaktives Planen mit
Bewertungsfunktion

Individuelles Projekt

Carl von Ossietzky Universitat Oldenburg
(2013)

Dérgeloh, T.:

Optimierung der flexiblen Fertigung
modifizierter Zylinderrader mit einem
5-Achs-Bearbeitungszentrum
Bachelor Thesis,

Universitat Bremen (2013)

Eilers, B.:

Inbetriebnahme und Regelung eines
selbstgefiihrten Wechselrichters zur
aktiven Oberschwingungskompensa-
tion

Diplomarbeit,

Universitat Bremen (2013)

El Asmar, A.:

Berechnungen zu Tragfahigkeit und
Tragverhalten vertikal belasteter
Pfahle

Bachelor-Thesis,

Leibniz Universitat Hannover (2013)

Espenhahn, B.:

Bestimmung des Schwebstoffgehalts
von Wasserproben mit Hilfe eines
multispektralen Transmissometers
Bachelor thesis,

Carl von Ossietzky University Oldenburg
(2014)

Esquembre Saez, P.:

Influence of environmental effects on
the uncertainty of a large coordinate
measuring machine

Bachelor Thesis,

Universitat Bremen (2013)

Ewert, C.:

Rechtliche Rahmenbedingungen bei
der Installation von Offshore-
Windenergieanlagen

Project Thesis,

Leibniz Universitat Hannover (2013)

Fahrenbach, Y.:

Untersuchungen zu Stahlrohrramm-
pfahlen fiir OWEA

Diploma Thesis,

Leibniz Universitat Hannover (2013)
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Fauteck, M.:

Inbetriebnahme eines Asynchron-
motors mit Ansteuerung iiber LabVIEW
und Nachbildung einer Windturbine
Studienarbeit,

Universitat Bremen (2013)

Fayed, S.:

Optimization of wind estimation based
on coherent lidar data acquisition
Master thesis,

Carl von Ossietzky University Oldenburg
(2014)

Fereydunpur, A., & Syedykh, D.:
Simulation der Eindringung der Hub-
beine von Jackup-Schiffen im Offshore-
Einsatz unter Anwendung numerischer
Berechnungsmethoden

Bachelor-Thesis,

Leibniz Universitat Hannover (2013)

Fiedel, M.:

Flutter Analysis of Wind Turbine Rotor
Blades

Project Thesis,

Leibniz Universitat Hannover (2013

Fuchs, J.:

Theoretische und numerische Unter-
suchungen zum Einfluss der Kerb-
wirkung auf die Ermiidungsfestigkeit
von SchweiBverbindungen

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Géading, U.:
Stromungsnetzberechnungen fiir
Suction-Bucket-Installationen
Project-Thesis,

Leibniz Universitat Hannover (2013)

Gerdes, A.:

Optimierung eines elektrischen
Drehaktuators fiir Anwendungen in
der Unterwasserrobotik

Bachelor Thesis, University of Bremen
(2014)

Gerendt, C.

Numerische Simulation von
Walzeigenspannungen

Project Thesis,

Leibniz Universitat Hannover (2013)

Gerlach, T.:

Griindung von Onshore-Windener-
gieanlagen

Seminar Thesis,

Leibniz Universitat Hannover (2013)

Gerlach, T.:

Modellierung und rechnerische Erfas-
sung von Wellen auf See

Seminar Thesis,

Leibniz Universitat Hannover (2013)

Gharbaoui, J.; Miesner, E.; Richrath, M.:
Experimentelle Untersuchung von
Handhabungseffekten in der Prozess-
kette zur Herstellung von textilen
Performs

Master Project, University of Bremen
(2014)

Gratza, P.:

Ermiidungsuntersuchungen an einem
Schwerkraftfundament einer Offshore-
Windenergieanlage

Bachelor Thesis

Leibniz Universitat Hannover (2014)

Griinefeld, M.:

Entwicklung einer Regelung eines fiir
verschiedene Textilzuschnitt-
geometrien adaptiven Wickelspeichers
in der automatisierten Rotorblatt-
produktion

Master Thesis, University of Bremen
(2013)

Grundmeier, N.:

Konzeption und Implementation eines
Simulationstools zur Planung von
Servicearbeiten in Offshore Windparks
Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Hachem, A.:

Berechnung zum Tragverhalten
horizontal belasteter Pfahle
Bachelor-Thesis,

Leibniz Universitat Hannover (2013)

Held D.:

Bewertung des Dynamic Wake Mean-
dering Modells mit LiDAR-Messdaten
aus dem Offshore-Windpark EnBW
Baltic 1

Bachelor thesis,

Carl von Ossietzky University Oldenburg
(2013)

Hellfeldt, S.:

Endbearbeitung von Ringflansch-
verbindungen in Griindungsstrukturen
von OWEA

Project Thesis,

Leibniz Universitat Hannover (2013)

Henneberg, J.:

Anwendungsgrenzen der Balkentheo-
rie und parametrisierter Berechnung-
sansatze zur Beurteilung der
Ermiidungsfestigkeit von
Tragstrukturen fiir OWEA

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Herthum, H.:

Entwicklung einer Messboje fiir
Temperatur- und Druckmessungen in
Offshore-Windparks

Bachelor thesis,

Carl von Ossietzky University Oldenburg
(2014)

Hinrichs, Chr.:
EA-Modellierungsmaglichkeiten fiir
Cloud-Services-Integration

Diploma Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Hoppe, O.:

Einsatzméglichkeiten von
Bildverarbeitungsmethoden in der
Werkstoffpriifung und zur Priifstands-
steuerung

Bachelor Thesis,

Universitat Bremen (2013)

Hu, S.:

Steuerung und Regelung einer 7,5-MW-
Windturbine

Master’s Thesis,

Leibniz Universitat Hannover (2013)
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Hu, S.:

Modellierung und Simulation von
Flugwindenergiesystemen

Project Thesis,

Leibniz Universitat Hannover (2013)
Hudarew, R.:

Berechnungen zum Tragverhalten
horizontal belasteter Pfahle
Project-Thesis,

Leibniz Universitat Hannover (2013)

Jankowski, S.:

Validierung des Farm Layout
Programms (FLaP) durch Analyse der
Windparkeffekte im Offshore-Wind-
park EnBW Baltic 1

Diploma Thesis,

Technische Universitat Hamburg-Harburg
(2013)

Kahleis, E. S.:

Axiale Tragfahigkeit von Rammpfahlen
in Kreide

Project-Thesis,

Leibniz Universitat Hannover (2013)

Kahms, C.:

Entwicklung einer Methode zur
Kostenprognose intelligenter Rotor-
blatter von Windenergieanlagen fiir
die friihe Entwicklungsphase

Project Thesis,

Leibniz Universitat Hannover (2013)

KerBen, J.:

Statische und konstruktive Bearbei-
tung einer Suction-Bucket Griindung
aus Beton fiir Offshore-Windener-
gieanlagen

Master Thesis,

Leibniz Universitat Hannover (2013)

Kim, H.;

Behandlung von Stérungen in inter-
modalen maritimen Supply Chains
Diploma Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Klass, A.:

Konzipierung eines Handhabungseffek-
tors fiir die Ablage von Glasfasergel-
egen in eine Rotorblatt-Hauptform
Master Thesis, University of Bremen
(2014)

Klein, F.:

Erstellung eines Simulations
Optimierungstools

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Kleinfeldt, H. U.:

Ausarbeitung konzeptioneller und
normativer Rahmenbedingungen von
Suction Buckets in Betonbauweise
Master Thesis,

Leibniz Universitat Hannover (2014)

Konecke, N.:

Bestimmung der Sensitivitat von
statistischen Extrapolationsverfahren
fiir die Ermittlung von Extrembelastun-
gen von OWEA

Bachelor Thesis, Institute of
Turbomachinery and Fluid Dynamics,
Leibniz Universitat Hannover (2013)

Krallmann, J.:

Einfluss des Temperaturfelds beim
SchweiBBen mit dem Elektronenstrahl
an der Atmosphare auf die
mechanisch-technologischen Eigen-
schaften der SchweiBverbindung
Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Kublanck, D.:
Automatisierungspotenzial in der
Produktion von Faser-Kunststoff-
Verbunden

Master Thesis, University of Bremen
(2014)

Kuhlemann, R.:

Untersuchung zum Einfluss turbu-
lenter Windkanalstromungen auf das
Kalibrierergebnis von Schalenstern-
anemometer

Master Thesis,

Universitat Bremen (2013)

Lohbeck U.:

Vergleich von ingenieurwissenschaft-
lichen Nachlaufmodellen mit Long-
Range Lidarmessungen

Master thesis,

Carl von Ossietzky University Oldenburg
(2013)

Luna, R.:

Numerische Untersuchungen zum
Tragverhalten von kleinmaBstablichen
Grout-Verbindungen unter statischer
Belastung

Master Thesis,

Leibniz Universitat Hannover (2013)

Malert St.:

Analyse und Bewertung von Offshore-
konfigurationen der Hafenlandschaft
in der Deutschen Bucht

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Martin, C.:

Implementierung eines selbstorgan-
isierten Verfahrens zur optimierenden
Positionsbestimmung von Wind-
energieanlagen in beliebig geformten
Gebieten

BSc Thesis,

University of Oldenburg (2013)

Miicke, F.:

Foroptimierung des Transition Piece
von Jackets fiir Offshore-
Windenergieanlagen

Master Thesis,

Leibniz Universitat Hannover (2013)

Muric, 1.

Modellierung von Logistikablaufen
Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013

Mussgnug, S.:

Lifetime Extension of Wind Turbines
Master's Thesis,

Leibniz Universitat Hannover (2013)
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Mrukwa, A.:

Bewertung der Qualitat von Struktur-
bauteilen aus Organoblechen

Master Thesis, University of Bremen
(2014)

Osmers, J. H.:

Aeroakustische Untersuchung aus-
gewadhlter Rotorblattsegmente einer
Windenergieanlage mit OpenFOAM
Master Thesis,

Universitat Bremen (2013)

Osterndorf, M. S.:

Vergleich des statischen und
dynamischen Verhaltens einer
Jacket-Griindungsstruktur unter
Wellenbeanspruchung

Project Thesis,

Leibniz Universitat Hannover (2013)

Patzold, L.:

Modellentwicklung torsions-
beanspruchter Turmquerschnitte
Diploma Thesis,

Leibniz Universitat Hannover (2014)

Radulovic, L.:

Influence of advanced load simulation
models on fatigue design of jackets for
offshore wind turbines

Master Thesis,

Leibniz Universitat Hannover (2013

Reinhard, B.:

Konstruktiver Entwurf eines Roboter-
moduls zur automatisierten Hand-
habung von flachigen Hochleistung-
stextilien in mehrfach gekriimmten
Formwerkzeugen

Master Thesis, University of Bremen
(2013)

Reinke, S.:

Entwurf und prototypische Implemen-
tierung einer mobilen Client-Applika-
tion fiir einen Cloud-Dienst zur Ablage
von Multimediainhalten

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013

Renner, B.:

Zum Ermiidungsverhalten von hy-
briden Verbindungen bei aufgelosten
Unterstrukturen von offshore-
Windenergieanlagen

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Richrath, M.:

Entwicklung eines parametrisierten
CAD-Modells fiir Rotorblatter von
Windkraftanlagen

Bachelor Thesis, University of Bremen
(2013)

Ritz, A.:

Wissenschaftliche Vorteile durch Smart
Changing

Individuelles Projekt

Carl von Ossietzky Universitat Oldenburg
(2013)

Sartison, M.:

Untersuchung von Multiagentenplat-
tformen in Hinblick auf die Integration
holonischer Ansatze

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Schansker, T.:

Inbetriebnahme und Regelung eines
Netzemulators auf Basis eines elek-
trisch erregten Synchrongenerators
Diplomarbeit,

Universitat Bremen (2013)

Schmidt, J.:

Analyse und Optimierung der Sende-
Empfangsoptik eines Doppler-Wind-
Lidars

Diploma thesis,

Carl von Ossietzky University Oldenburg
(2013)

Scholl, A.:

Einfluss von Produktionsfehlern auf
das Versagen von Rotorblattern
Master Thesis, University of Bremen
(2014)

Scholz, J.:

Anforderungsanalyse fiir roboter-
gestiitztes Orbitalfrasen von Faser-
verbundwerkstoffen

Bachelor Thesis, University of Bremen
(2013)

Schroedter, S.:

Vergleich von dynamischem und
statistischem Downscaling zur
Generierung von Windeinspeise-
zeitreihen

Bachelor Thesis in Engineering Physics,
Carl von Ossietzky Universitat (2014)

Schitze, E.:

Studie zur Verallgemeinerung der
Proportionalitatsmethode fiir die
Schadensfriiherkennung an Rotor-
blattern von Windenergieanlage
Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Schulz, T.:

Dimensionierung des Lochbildes eines
Diisenrohres unter Beriicksichtigung
von Stromungsverlusten

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Schwarz, Chr.

Simulationsbasierte Optimierung der
Vorgange auf einem Verladehof
Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Seifert J. K.:

Characterisation of near wake
dynamics with nacelle based full field
lidar measurements of offshore wind
turbines

Bachelor thesis,

Carl von Ossietzky University Oldenburg
(2013)

Sextroh, C.:

Konzeptentwicklung einer Hand-
habungseinheit zur kontinuierlichen
Ablage technischer Textilien in eine
Rotorblatt-Hauptform

Master Thesis, University of Bremen
(2014)
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Shrestha, B.:

Influence of different wind turbulence
models on offshore wind turbine loads
Master thesis,

Carl von Ossietzky University Oldenburg
(2013)

Siltan M.:

Impact of Wind Turbine Generator
Systems on Electromagnetic Transients
of Electrical Networks during Fault Oc-
currence — Relevant to Grid Integration
Master thesis,

Carl von Ossietzky University Oldenburg
(2013)

Smith, P.:

Anforderungen von kleinen und
mittleren Unternehmen an Cloud
Computing

Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Spengler, S.:

Anforderungen an die Architektur
Cloud-basierter Softwaresysteme
Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Spiegel, C.:

Bestimmung der Ausfallwahrschein-
lichkeiten von Rotorblattern mittels
FORM und SORM

Master Thesis, Institute of Turbomachin-
ery and Fluid Dynamics, Leibniz Univer-
sitat Hannover (2013)

Spohn, C.:

Untersuchungen zum Tragverhalten
von Suction-Bucket-Griindungen
Diploma Thesis,

Leibniz Universitat Hannover (2013)

Starke, D.:

Analyse des Bedarfes von Hilfs- und
Verbrauchsstoffen im Produktions-
prozess von Rotorblattern fiir Wind-
kraftanalagen

Master Thesis, University of Bremen
(2013)

Steinmeyer, F.:

Prozessoptimierung im Condition-
Monitoring durch den Einsatz der
Touchtechnologie

Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Stelljes, P.:

Untersuchung der Nachhaltigkeit von
Tragstrukturelementen fiir Windener-
gieanlagen

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Tiedemann, R.:

SPS gestiitzte Zustandsanalyse eines
klimatisierten Messlabors

Bachelor Thesis,

Universitat Bremen (2013)

Viebranz, C.:
Leistungskurvenbestimmung von
Windenergieanlagen mittels
numerischer Stromungssimulationen
Diploma Thesis, Institute of Turbomachin-
ery and Fluid Dynamics, Leibniz Univer-
sitat Hannover (2013)

Voss S.:

Turbulenzeigenschaften gemessen mit
Doppler Puls Lidar

Master thesis,

Carl von Ossietzky University Oldenburg
(2013)

Wagenfeld, B.:

Erstellung von Visualisierungs-Plugins
fiir auf JASON basierende Verkehrs-
simulation

Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Weber, S.:

Untersuchungen zum progressiven
Rammversagen bei offenen Stahlirohr-
rammpfahlen

Diploma Thesis,

(2013)

Wedel, F.:

Numerische Untersuchungen zum
Einfluss geometrischer Imperfektionen
in Grout-Verbindungen bei Offshore-
Windenergieanlagen

Bachelor Thesis,

Leibniz Universitat Hannover (2013)

Weisser, S.:

Theorie und Anwendung von WindPRO/
WASsP anhand eines Beispiel-Windparks
Project Thesis,

Leibniz Universitat Hannover (2013)

Wilken, M.:
Entwicklungsprozessanalyse anhand
von Anderungsdaten

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Wohlfromm, L.:

Konstruktiver Entwurf einer Vorrich-
tung zur Vermessung der
Schneidegeometrie eines
Ultraschall-schneidekopfes fiir
Hochleistungstextilien

Bachelor Thesis, University of Bremen
(2014)

Wojahn, E.:

Konzept zur Generierung von Ob-
server-Pattern fiir eine 3D-Simulation
zur Visualisierung/Uberwachung von
Systemzustdnden

Bachelor Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)

Wiibbeling, Chr.:

Evaluation und Prototypische Imple-
mentation eines Cloud-Dienstes zur
Ablage von Multimediainhalten
Master Thesis

Carl von Ossietzky Universitat Oldenburg
(2013)



208

DOCUMENTATION

List of ForWind Staff
Members

Abdel-Rahman, Khalid, Dr.-Ing. M.Sc.

Institute for Geotechnical Engineering
+49 511 762 2273
khalid@igth.uni-hannover.de

Achmus, Martin, Univ.-Prof. Dr.-Ing.
Institute for Geotechnical Engineering
+49 511 762 4155
achmus@igth.uni-hannover.de

Albensoeder, Stefan, Dr.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5075
stefan.albensoeder@forwind.de

Albiker, Johannes, Dipl.-Ing.
Institute for Geotechnical Engineering
+49 511 762 3529
achmus@igth.uni-hannover.de

Ambroise, Hugues, M.Sc.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5078
ambroise.hugues@forwind.de

Batge, Moritz, M.Sc.

Institute of Wind Energy Systems
+49 471 14290 327
moritz.baetge@iwes.uni-hannover.de

Balzani, Claudio, Dr.-Ing.

Institute of Wind Energy Systems

+49 511 762 5612
claudio.balzani@iwes.uni-hannover.de

Barth, Stephan, Dr.
ForWind Head Office

+49 441 798 5091
stephan.barth@forwind.de

Bastine, David

Institute of Physics,

AG Turbulence, Wind

Energy and Stochastics — TWiST
+49 441 798 5054
david.bastine@uni-oldenburg.de

Battermann, Dagmar

ForWind Head Office

+49 441 798 5060
dagmar.battermann@forwind.de

Bechtel, Anne, Dipl.-Ing.
Institute for Steel Construction
+49 511 762 2492
bechtel@stahl.uni-hannover.de

Beck, Hauke, M.Sc.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5064
hauke.beck@forwind.de

Behrendt, Werner, Dipl.-Ing.
Bremen Institute for Metrology,

Automation and Quality Science (BIMAQ)

+49 0421 218 64636
wbh@bimag.de

Berthold, Tim, M.Sc.

Institute for Risk and Reliability — IRZ
+49 511 762 17883
berthold@irz.uni-hannover.de

Betcke, Jethro, M.Sc.
Institute of Physics,

AG Energy Meteorology
+49 441 798 3927
jethro.betcke@forwind.de

Bitter, Martin, Dr.-Ing.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798-5065
martin.bitter@uni-oldenburg.de

Boske, Lennart, M.Sc.
Institute of Meteorology and
Climatology

+49 511 762-3232
boeske@muk.uni-hannover.de

Bode, Matthias, M.Sc.
Institute for Risk and Reliability — IRZ
bode@bauinf.uni-hannover.de

Bohne, Tobias, M.Sc.
Institute of Structural Analysis
+49 551 762-2859
t.bohne@isd.uni-hannover.de

Brand, Carl-Robert, M.Sc.

Institute of Turbomachinery and Fluid
Dynamics +49 (0)511 762-19856
brand@tfd.uni-hannover.de

Brencher, Janina

Institute of Machine Design and Tribology

+49 511 762 2267
brencher@imkt.uni-hannover.de
Bromm, Marc, M.Sc.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5063
marc.bromm@uni-oldenburg.de

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

Dapperheld, Jorg

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 3535
joerg.dapperheld@uni-oldenburg.de

Decker, André, Dr.-Ing.

BIK — Institute for integrated Product
Development

+49 421 218-64874
decker@uni-bremen.de

Dibbern, Christoph, M.Sc.
Department of Computing Science
+49 441 798-4482
christoph.dibbern@uni-oldenburg.de

Dollinger, Christoph, M.Sc.
Bremen Institute for Metrology,
Automation and Quality Science
(BIMAQ),

+49 421 218 64628
dol@bimag.de

Dorenkamper. Martin, M.Sc.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5077
martin.doerenkaemper@forwind.de
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Dose, Bastian, M.Sc.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 5056
bastian.dose@forwind.de

Dubois, Jan, M. Sc.

Institute for Steel Construction
+49 511 762-2492
dubois@stahl.uni-hannover.de

Droste, Rainer, M.Sc.
Department of Computing Science
+49 441 9722-451
rainer.droste@uni-oldenburg.de

Driike, Sonja, M.Sc.
Institute of Physics,

AG Energy Meteorology
Tel.: +49 441 798 5078
sonja.drueke@forwind.de

Ehrmann, Andreas, Dipl.-Ing.
Institute of Structural Analysis
+49 551 762-17213
a.ehrmann@isd.uni-hannover.de

Eichstadt, Rasmus, Dipl.-Ing.
Institute for Steel Construction
+49 511 762-5949
eichstaedt@stahl.uni-hannover.de

El Haoum, Sabina, Dipl.-Wirt-Inf.
Department of Computing Science
+49 441 798-4483
sabina.el.haoum@uni-oldenburg.de

Ende, Johannes, M.Sc.

Institute of Wind Energy Systems

+49 511 762 17659
johannes.ende@iwes.uni-hannover.de

Engel, Franca

ForWind Head Office

+49 441 798 5087
franca.engel@forwind.de

Ernst, Benedikt, Dipl.-Wi.-Ing.
Institute of Turbomachinery and Fluid
Dynamics

+49 511 762 2734
ernst@tfd.uni-hannover.de

Franke, Jan, Dipl.-Ing.

BIK — Institute for integrated Product-
Development

+49 421 218 64876
j-franke@uni-bremen.de

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

Fohchu Ning, Wisdom, B.Sc
Institute of Physics, Oldenburg

Fuhrmann, Martina, M.Sc.

Bremen Institute for Metrology,
Automation and Quality Science (BIMAQ)
+49 421 218 64612

fuh@bimag.de

Gerasch, Wolf-Jiirgen, Dipl.-Ing.
Institute of Structural Analysis
+49 511 762 2247
wj.gerasch@isd.uni-hannover.de

Geuter, Jiirgen, Dipl.-Inform.
Department of Computing Science
+49 441 798-4473
geuter@wi-ol.de

Goch, Gert, Prof. Dr.-Ing.

Bremen Institute for Metrology,
Automation and Quality Science (BIMAQ)
+49 421 218 64600

gg@bimaq.de

Golliicke, Volker, M.Sc.
Department of Computing Science
+49 441 9722-481
golluecke@wi-ol.de

Gomez, Alejandro, M.Sc.

Institut fiir Turbomaschinen und Fluid-
Dynamik

+49 511 762 5148
gomez@tfd.uni-hannover.de

Goretzka, Jan, M.Sc.

Institute of Structural Analysis
+49 511 762 4273
j-goretzka@isd.uni-hannover.de

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

Greve, Thomas, Dipl.-Phys.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 5057
thomas.greve@uni-oldenburg.de

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

Giilker, Gerd, Dr.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 3511
gerd.guelker@uni-oldenburg.de

Giinther, Robert, M.Sc.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5077
robert.guenther@forwind.de

Haack, Frederik, B.Sc.
Institute of Physics,

AG Energy Meteorology
+49 441 798 5078
frederik.haack@forwind.de

Hadjihosseini, Ali, M.Sc.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 5043
ali.hadjihosseini@uni-oldenburg.de

Héfele, Jan, Dipl.-Ing.
Institute of Structural Analysis
+49 551 762-4208
j-haefele@isd.uni-hannover.de

Hackell, Moritz, Dipl.-Ing.
Institute of Structural Analysis
+49 511 762 4393
m.haeckell@isd.uni-hannover.de
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Hahn, Axel, Prof. Dr.-Ing.
Department of Computing Science
+49 441 798 4480
hahn@wi-ol.de

Hansen, Michael, Dr.-Ing.
Institute of Concrete Construction
+49 511 762 3353
hansen@ifma.uni-hannover.de

Haunhorst, Frauke, Dipl.Kffr.
ForWind Head Office

+49 441 798 5090
frauke.haunhorst@forwind.de

Heinemann, Detlev, Dr.
Institute of Physics,

AG Energy Meteorology

+49 441 798 3543
detlev.heinemann@forwind.de

HeiBelmann, Hendrik, Dipl.-Phys.
Institute of Physics, AG Turbulence, Wind
Energy and Stochastics — TWiST

+49 441 798 3643
hendrik.heisselmann@uni-oldenburg.de

Herraez Hernandez, lvan, M.Sc.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 5055
ivan.herraez.hernandez@uni-oldenburg.de

Hesseling, Christina, Dipl.-Phys.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3514
christina.hesseling@uni-oldenburg.de

Hildebrandt, Arndt, Dipl.-Ing.
Franzius-Institute for Hydraulic,
Waterways and Coastal Engineering
+49 511 762 2582
hildebrandt@fi.uni-hannover.de

Hinrichs, Christian, M.Sc.
Department of Computing Science
+49 441 798 2755
christian.hinrichs@uni-oldenburg.de

Hélling, Michael, Dr.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3951
michael.hoelling@uni-oldenburg.de
Hoffmann, Felix, Dipl.-Ing.
Institute for Electrical Drives, Power
Electronics and Devices (IALB)

+49 421 218 62664
felix.hoffmann@uni-bremen.de

Hofmann, Lutz, Prof. Dr.-Ing. habil.

Institute of Electric Power SyStems
Tel.: +49 511 762 2801
hofmann@iee.uni-hannover.de

Hogreve, Sebastian, Dipl.-Ing.
Bremen Institute for Mechanical
Engineering (bime)
+49 421 218 64837
hogreve@bime.de

Homeyer, Tim, Dipl.-Phys.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 3514
tim.homeyer@uni-oldenburg.de

Hornauer, Sascha, M.Sc.
Department of Computing Science
+49 441 798-4482
sascha.hornauer@uni-oldenburg.de

Horte, Daria, Dipl.-Ing.

Institute of Wind Energy Systems
+49 511 762 14190
daria.horte@iwes.uni-hannover.de

Hiibler, Clemens, M.Sc.

Institute of Structural Analysis—ISD
+49 511 762 2885
c.huebler@isd.uni-hannover.de

Jankowski, Sophie
Institute of Physics, Oldenburg

Janssen, Nick, B.Sc
Institute of Physics, Oldenburg

Junk, Constantin, M.Sc.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5079
constantin.junk@forwind.de

Kamper, Jan-Hinrich, Dipl.-Inform.
Department of Computing Science
+49 441 798-4473
kaemper@wi-ol.de

Karn, Moses

ForWind Head Office

+49 441 798 5082
moses.kaern@forwind.de

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

+49 421 218 62660
nando.kaminski@uni-bremen.de

Kanani-Siihring, Farah, Dipl.-Met.
Institute of Meteorology and
Climatology

+49 511 762-3232
kanani@muk.uni-hannover.de

Kelma, Sebastian, Dipl.-Ing.
Institute for Steel Construction
+49 511 762-4139
kelma@stahl.uni-hannover.de

Keshtova, Fatima, Dipl.-Phys.

Institute of Physics, AG Turbulence, Wind
Energy and Stochastics — TWiST

+49 441 798 5059
fatima.keshtova@uni-oldenburg.de

Kies, Alexander, M.Sc.
Institute of Physics, Oldenburg
+49 441 798-5078
alexander.kies@forwind.de

Knigge, Christoph, Dr. rer. nat.
Institute of Meteorology and
Climatology

+49 511 762-2680
knigge@muk.uni-hannover.de

Koppaetzky, Nils, Dipl.-Phys.
Department of Computing Science
+49 441 9722-207
nils.koppaetzky@uni-oldenburg.de
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Kraft, Martin, Dipl.-Ing.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798-5065
martin.kraft@uni-oldenburg.de

Kruse, Dennis, M.Sc.

Bremen Institute for Metrology,
Automation and Quality Science
(BIMAQ),

+49 421 218 64631
kru@bimag.de

Kiihn, Martin, Prof. Dr. Dipl.-Ing.
Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5061
martin.kuehn@forwind.de

Kuhfuss, Bernd, Prof. Dr.-Ing.
bime Bremen

Institute for Mechanical Engineering
+49 421 218-64800
Kuhfuss@bime.de

Kuhnle, Bernd, Dipl.-Ing.
Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5064
bernd.kuhnle@forwind.de

Langner, Michael, Dipl.-Phys.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 5052
michael.langner@uni-oldenburg.de

Lemke, Kathrin, Dipl.-Ing.

Institute for Geotechnical Engineering
+49 511 762 3736
lemke@igth.uni-hannover.de

Lewandowski, Marco, Dipl.-Wi.-Ing.
BIK — Institute for integrated Produkt-
Development

+49 421 218 50122
lew@biba.uni-bremen.de

Lin, Shy-Yea,M.Sc.

Institute of Turbomachinery and Fluid
Dynamics

+49 (0)511 762-17871
lin@tfd.uni-hannover.de

Lochte-Holtgreven, Stephan, Dr.-Ing.
Institute for Steel Construction

+49 511 762 3712
lochte@stahl.uni-hannover.de

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

Lohaus, Ludger, Univ.-Prof. Dr.-Ing.
Institute of Building Materials Science
(1fB)

+49 511 762 3722
lohaus@baustoff.uni-hannover.de

Lohmann, Gerold, Dipl. Hydrol.
Institute of Physics, Oldenburg
+49 441 798-3577
gerald.lohmann@uni-oldenburg.de

Mauch, Raphael, M. Sc.

Bremen Institute for Metrology,
Automation and Quality Science (BIMAQ)
+49 0421 218 64645

mau@bimag.de

Maronga, Bjoérn, Dr. rer. nat.

Institute of Meteorology and Climatology
+49 511 762-2680
maronga@muk.uni-hannover.de

Marx, Steffen, Univ.-Prof. Dr.-Ing.
Institute of Concrete Construction
+49 511 762-3352
marx@ifma.uni-hannover.de

Medjroubi, Wided, Dr.

Institute of Physics, AG Turbulence, Wind
Energy and Stochastics — TWiST

+49 441 798 5055
wided.medjroubi@uni-oldenburg.de

Mehrens, Anna, M.Sc.
Institute of Physics, Oldenburg
+49 441 798-5079
anna.mehrens@forwind.de

Meints, Irene

Wind Energy Systems

+49 441 798-5060
irene.meints@uni-oldenburg.de

Mertens, Axel, Prof. Dr.-Ing.
Institute for Drive SyStems and Power
Electronics

+49 511 762 2471
mertens@ial.uni-hannover.de

Meyer zu Holte, Jan Benno, M.Sc.
Department of Computing Science
+49 441 9722-477
jan.meyer.zu.holte@uni-oldenburg.de

Milan, Patrick, M.Sc.

Institute of Physics, AG Turbulence, Wind
Energy and Stochastics — TWiST

+49 441 798 5054
patrick.milan@uni-oldenburg.de

Morz, Tobias, Prof. Dr.

Center for Marine Environmental Sciences —
MARUM

+49 421 218 65840
tmoerz@uni-bremen.de

Morales, Allan, M.Sc.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 5054
allanfisica@gmail.com

Neuber, Malgorzata

Institute of Structural Analysis
+49 511 762 2885
m.neuber@isd.uni-hannover.de

Neuweiler, Insa, Prof. Dr.

Institute of Fluid Mechanics and Environ-
mental Physics in Civil Engineering

+49 511 762 3567
neuweiler@hydromech.uni-hannover.de

Ohlendorf, Jan-Hendrik, Dipl.-Wi.-Ing.
Product- and Process Development of
Handling Limp Materials,

BIK — Institute for Integrated Product
Development

+49 421 218 64876
johlendorf@uni-bremen.de

orlik, Bernd, Prof. Dr.-Ing.

Institute for Electrical Drives, Power Elec-
tronics and Devices (IALB)

+49 421 218 62680
orlik@ialb.uni-bremen.de
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Ottink, Kathrin, Dipl.-Ing.

Institute of Machine Design and Tribology
+49 511 762 2267
ottink@imkt.uni-hannover.de

Ortega Gomez, Jaione, M.Sc.
Institute of Wind Energy Systems
+49 511 762 14120
jaione.ortega@iwes.uni-hannover.de

Pahn, Thomas, Dipl.-Ing.
Institute of Structural Analysis
+49 0511 762 4208
t.pahn@isd.uni-hannover.de

Parniak, Agnieszka, Dipl.-Ing.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3535
agnieszka.parniak@mail.uni-oldenburg.de

Parra, Jose-Placido Viol, Eng.-Aero
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 5055
jose-placido.parra.viol@uni-oldenburg.de

Pawletta, Peter

ForWind Head Office

+49 441 798 5087
peter.pawletta@forwind.de

Peinke, Joachim, Prof. Dr.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3536
peinke@uni-oldenburg.de

Penner, Nikolai, M.Sc.
Institute of Structural Analysis
+49 551 762-4111
n.penner@isd.uni-hannover.de

Perrone, Francesco, M.Sc.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5063
francesco.perrone@uni-oldenburg.de

Podgorski, Matt, M.Sc.
ForWind Head Office

+49 441 798 5093
matt.podgorski@forwind.de

Poland, Kathleen, Dipl.-Eng.
Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5065
kathleen.poland@forwind.de

Poll, Gerhard, Prof. Dr.-Ing.

Institute of Machine Design and Tribology
+49 511 762 2416
poll@imkt.uni-hannover.de

Ponick, Bernd, Prof. Dr.-Ing.
Institute for Drive SyStems and Power
Electronics

+49 511 762 2571
ponick@ial.uni-hannover.de

Prekel, Helmut, Dipl. Phys.

Bremen Institute for Metrology,
Automation and Quality Science (BIMAQ)
+49 0421 218 64629

pre@bimag.de

Puczylowski, Jaroslaw, M.Sc.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 3643
jaroslaw.puczylowski@forwind.de

Raba, Alexander, Dipl.-Ing.
Institute for Steel Construction
+49 511 762-4975
raba@stahl.uni-hannover.de

Rahimi, Hamid, M.Sc.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 5065
hamid.rahimi@forwind.de

Ramzan, Muhammad, M.Sc.

Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWIST

+49 441 798 5053
muhammad.ramzan@uni-oldenburg.de

Raasch, Siegfried, Prof. Dr. rer. nat.
Institute of Meteorology and
Climatology

+49 511 762-3253
raasch@muk.uni-hannover.de

Reck, Martin, M.Sc.

Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 3560
martin.reck@forwind.de

Redecker,Marc Allan, Dipl.-Wi.-Ing.

BIK — Institute for integrated Produkt-
Development

+49 421 218-64877 maalre@uni-bremen.de

Reichel, Juliane, Dr.
ForWind Head Office

+49 441 798 5085
juliane.reichel@forwind.de

Reil, Benjamin, M.Sc.
Institute of Structural Analysis
+49 511 762 17213
b.reil@isd.uni-hannover.de

Reinke, Nico, Dipl.-Phys.
Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3455
nico.reinke@uni-oldenburg.de

Reuter, Andreas, Prof. Dr.-Ing.
Institute of Wind Energy Systems

+49 511 762 4712
andreas.reuter@iwes.uni-hannover.de

Reuter, Rainer, Dr.

Institute of Physics, AG Marine Physics
+49 441 798 3522
rainer.reuter@uni-oldenburg.de

Rinn, Philip, Dipl.-Phys.

Institute of Physics, AG Turbulence, Wind
Energy and Stochastics — TWiST

+49 441 798 5052
Philip.rinn@uni-oldenburg.de

Rockel, Stanislav, Dipl.-Phys.
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Institute of Physics,

AG Turbulence, Wind Energy and
Stochastics — TWiST

+49 441 798 3455
stanislav.rockel@uni-oldenburg.de

Rolbiecki, Martin, Dipl.-Wi.-Ing.
Institute for Integrated Product
Development

+49 421 218 64875
rolbiecki@uni-bremen.de

Rolfes, Raimund, Prof. Dr.-Ing. habil.
Institute of Structural Analysis

+49 511 762 3867
r.rolfes@isd.uni-hannover.de

Rott, Andreas, Dipl.-Math.
Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798-5064
andreas.rott@uni-oldenburg.de

Rustemeier, Jorg, M.Sc.

Institute of Structural Analysis
+49 511 762 2885
j.-rustemeier@isd.uni-hannover.de

Rzeczkowski, Patrick, Dipl.-Ing.
Institute of Building Materials Science
+49 511 762 3258
p.rzeczkowski@baustoff.uni-hannover.de

Santos Allamillos, Francisco Javier, Dr.
Institute of Physics, Oldenburg

Santos, Francisco, Dr.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5075
francisco.santos@forwind.de

Sauer, Jiirgen, Prof. Dr.-Ing.
Department of Computing Science
+49 441 798-4488
juergen.sauer@uni-oldenburg.de

Schaumann, Peter, Prof. Dr.-Ing.
Institute for Steel Construction
+49 511 762 3781
schaumann@stahl.uni-hannover.de

Schlurmann, Torsten, Prof. Dr.-Ing.
Franzius-Institute for Hydraulic,
Waterways and Coastal Engineering
+49 511 762 19021
schlurmann@fi.uni-hannover.de

Schmidt, Andreas Hermann,
Dipl. Ing.

ForWind / Universitat Oldenburg
+49 441 798-5096
andreas.h.schmidt@forwind.de

Schmidt, Boso, Dipl.-Ing.
Institute of Concrete Construction,
Leibniz Universitat Hannover

+49 511 762 3355
schmidt@ifma.uni-hannover.de

Schmidt, Michael, Dipl.-Phys.
Institute of Physics,

AG Energy Meteorology

+49 441 798 5074
michael.schmidt@forwind.de

Schmoch, Arne,Dipl.-Ing.
Institute of Structural Analysis
+49 551 762-4208
a.schmoch@isd.uni-hannover.de

Schmobhl, Tim, Dipl.-Ing.
Institute for Integrated Product
Development

+49 421 218 64872
tschmoll@uni-bremen.de

Schmoor, Kirill, Dipl.-Ing.

Institute for Geotechnical Engineering,
+49 511 762 5106
schmoor@igth.uni-hannover.de

Schneemann, Jorge, Dipl.-Phys.
Institute of Physics,

AG Wind Energy SyStems — WE-Sys
+49 441 798 5062
joerge.schneemann@forwind.de

Scholle, Niklaas, Dipl.-Ing.

Institute of Building Materials Science
+49 511 762 3258
n.scholle@baustoff.uni-hannover.de

Schroder, Christian, Dipl.-Ing.
Institute for Geotechnical Engineering,
+49 511 762 4152
schroeder@igth.uni-hannover.de

Schroder, Karsten, Dr.

Institute of Structural Analysis — ISD
+49 511 762 2885
k.schroeder@isd.uni-hannover.de

Schroter, Onno, Dipl.-Ing (FH), M.Eng.
Bremen Institute for Metrology,
Automation and Quality Science (BI-
MAQ),

+49 421 218 64609

sc@bimaq.de

Schwarz, Christoph, Dipl.-Math.
Department of Computing Science
+49 441 798-4473
christoph.schwarz@uni-oldenburg.de

Schyska, Bruno, M.Sc.
Institute of Physics, Oldenburg
+49 441 798-5078
bruno.schyska@forwind.de

Siithring, Matthias, Dr. rer. nat.

Institute of Meteorology and Climatology
+49 511 762-4413
suehring@muk.uni-hannover.de

Schwarzer, Christoph, Dipl.-Oek.
ForWind Head Office

+49 441 798 5084
christoph.schwarzer@forwind.de

Seidel, Elke

ForWind Head Office
+49 441 798 5092
elke.seidel@forwind.de

Segelken, Katharina, M.A.
ForWind Head Office

+49 441 798 5088
katharina.segelken@forwind.de

Segelken, Lars

Institute of Physics, Oldenburg
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