Accelerating time to market by realistic testing
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test infrastructure for offshore wind
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Short profile of Fraunhofer IWES North-West

Research spectrum Wind energy from material development to grid connection

Managing Director Prof. Dr.-Ing. Andreas Reuter

Operational budget 2015 € 15 million

Staff 150 employees

Locations Bremerhaven, Oldenburg, Bremen, Hannover

Previos investments in

the establishment of the € 60 million

institute j

Forschungsverbund %}/ Strategic Association with ForWind and the German
Windenergie Aerospace Center (DLR)
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Fraunhofer bussiness model:
Industry focus as success factor

-{ 67 Fraunhofer Institutes in Germany
-{ more than 23.000 employees, mainly with natural or engineering science education

-( € 2,1 billion anual research budget

Type of research

A
Technical prototypes, ndust
pilot installation naustry :
public basic third-party
Development funding grants
Applied Research . Fraunhofer-Society
Application-oriented
basic research
' Basic research at
Basic research Universities
>
100% offentlich 100% privat
Financing
=
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Competence Fields
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= Fraunhofer

IWES



Offshore Wind Energy in Europe

P oland ( reland -( Europe cumulative:

0.2% | 0.2% - installed capacity 11,027.3 MW

Sweden | Spain - 70% of the wind parks in the North Sea

Py 0.05% - 80% of substructures are monopiles
Netherlands Portugal

e 0000 -{ Europe 2015:

eigium Norway - 419 new turbines erected |
702 2 - 97% of installed substructures are monopiles
6.5% 0.02% __(

Average offshore wind turbine size 4.2 MW

- Germany:

-(investments in new offshore wind farms
€19.8 billions (2010-2015)
2284 MW connected to the grid during 2015
Target by 2020: 6.5GW

N N
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German North Sea: Offshore Windfarms

North Sea: Continental Shelf/[Exclusive Economic Zone (EEZ)
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BSH, 08.01.2016

Boundaries

— Continental ShelfEEZ

~— Termitorial Waters/12 nm Zone
-- International Boundary

Water Depths
0-10m
[ 10-20m
Mz0-30m
M3o-40m Boundaries
l40-50 m -—- Territorial Sea
l50-60 m — ContinentalShelf/EEZ
.Tm Flats ---- International Boundary
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North Sea: Offshore Windfarms
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Offshore Windfarms
[in use

7] under construction
E#4 approved

~ application submitted

During 2015
13 wind farms under construction with an
average distance to shore of 52,6 km
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RAVE- Research at Alpha Ventus ==

RAVE

RESEARCH AT ALPHA VENTUS

Alpha Ventus

Sub-structure
Foundation

Start wind [m/s]
Weight tower [t]
Weight nacelle + rotor [t]
Weight foundation [t]
Length piles [m]

Wind turbine
Number of turbines
Hub high [m]

Full production [m/s]

tripods
piled foundations

3.5
210
309
700
35-45

Areva Wind M5000
6
90
12.5

jakets
piled foundations

3.5
210
410

500
?

Repower 5M
6
92
13

Alpha Ventus

Status

fully commisioned

Water depth [m] 33-45
Turbine capacity [MW] 5
Distance from shore [km] 56

Total nominal power [MW] 60

* Federal Ministry
4 for Economic Affairs
and Energy

-{ Research Project GIGAWIND life

ForWind \7-

Center for Wind Energy Research

Adwen Z Fraunhofer

B9 AN AREVA GAMESA COMPANY

IWES

\

~ Fraunhofer

IWES


https://www.youtube.com/watch?v=RzCQnTWIdyE

¥ Main site of the institute
® Department
Working group
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Large wave flume at
the Coastal Research Center

/

—-{ Reproduction of natural waves and sea
states on a large scale for:
Realistic wave load measurements

/

™

-{ Scour evolution

/ZIUS-INSTITUT

-{ Dimensions:
-{ Length: 300 m
-{ Width: 5m
-{ Depth: 7m
_——
: ~ Fraunhofer
IWES
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Rotor Blade Testing Facility

-{ Two Halls in Bremerhaven

/

-+ 70 m and 90 m Hall, for blades up to a length of 100 m
-{ Tiltable test block (tilt angles up to 20°)
/

-\ Max tip deflection 30 m
-{ Max bending moment sta. 115 MNm. dyn. +/- 30 MNm
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Testing experience:
Full scale structural testing of rotor blades IEC 61400-23
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Long experience and excellent track record

PN

Tested 19 blades

-

Member in national and international

committees

PN

Excellent logistics for large blades

]
P

Development of new test methods and approval

concepts
-{ Biaxial fatigue testing

-{ Blade segment testing
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Blade testing: Biaxial testing at IWES

Vertical movement [mm]

N

Blade Tip Movement
— o }5, -

Ot
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Reliability assessment of future blades

-{ Testing of segments for whole blade validation

/

/
\
/
\
/
\

v\ Increase of excitation frequencies
Improved reproduction of loads
Economic testing for long blades
Integration of sub-component testing in certification

-{ Test procedure for blade lengths over 100m

Full Blade Root Segment Tip Segment
Length 100 40 60
Weight 60 40 20
1st Flap 0.35 1.6 0.6
1st Edge 0.65 2 0.9
Cycles flap 3.000.000 1,000,000 1,000,000
Cycles edge 3.000,000 2,000,000 2,000,000
Test Time 13.2 3.6 5.6
|
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Dynamic Nacelle Testing Laboratory - DyNaLab - a

TESTRIG — 1
Motors

Load application system

-

)
DUT . o
- ‘ Aaﬂ”:"”
T s

. Drive Shaft

S sport/Festing pal Bt -{ 12* MW nominal / 15 MW peak drive power

-{ 6-dof Load application system (“virtual Rotor”)

-{ suitable for 2-10 MW Specimen (geared & DD)

-( 1.2 MW (upgradeable to 2.4MW) hydraulic power
-{ 44 MVA Artificial medium voltage grid

-{ 3.5 MW cooling power (hybrid cooling towers)

-{ Dedicated HiL- and 500 channel SCADA System
-{ Lifting capacity 420 to

-{ Total Invest. ~ $ 33 million
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ForWind \7..
Test Center Support Structures Hannover ForWind V=

www.tth.uni-hannover.de

Experimental Facilities:

-{ Geotechnical Test Pit

-{ Span

-{  Climate chamber

-{ Material testing laboratories

ﬁ Federal Ministry
for Economic Affairs
EUROPEAN UNION {1 ] Leibniz and Energy
EUROPEAN REGIONAL i 0; 2 Universitit 5 Lower Saxuny
DEVELOPMENT FUND to9: 4 Hannover
—
15 ~ Fraunhofer

© Fraunhofer IWES



nnnnnnnn

Test Center Support Structures Hannover
Span

Features:

-{ Large scale structures and

real scale components
-{ Multiaxial load application
{ Flexible experimental set-up

Experimental performance:
-{ Test frequency: 0.1 — 5-20 Hz
-{ Cylinders with 250 kN to 2 MN

-{ Dimensions: 18.5x 9 m (L x W)

\
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Test Center Support Structures Hannover
Span

Project KOWIND:

-{ Fatigue test of welded joints for jacket

structures using new corrosion protection

* Federal Ministry
4 for Economic Affairs
and Energy

© Bladt Industries A/S, DK
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Test Center Support Structures Hannover

Geotechnical Test Pit

Features:

Soil-structure interactions

Environmental friendly installation methods
Validation of numerical models

Foundation elements in 1:10 to 1:3.5

/

A
_f
\
-/
\
_f
\

w i
-{ Dimensions: 14 x 9 x 10m (L x W x D)

\
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Test Center Support Structures Hannover

Geotechnical Test Pit

-
Pile installation methods I é
/

-{ Vibratory driving
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ForWind \7..
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Test Center Support Structures Hannover

Geotechnical Test Pit

Foundation piles
BT,

Research Projects Industry Projects
-{ EU, IRPWind / InnWind -{  Innovative pile installation
-{ XL-Monopiles -{ Pile group effects
-{ Cyclic pile capacity
-{ QSM-Grout
|
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ForWind \7--

Test Center Support Structures Hannover

Geotechnlcal Test Pit

| 3

-\ Monitoring and

&l?}f”‘;ﬂf R . inspection systems
g ,v.'. R U o

= Research Project UnderwaterINSPECT

\
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. o ForWind VY.
Additional test facilities \ e

-{ Main shaft bending test bench

Climate chamber

Rain erosion test rig

'( Blade Maker Main shaft bending test bench; Climate chamber
Resonance pulsator

10 MN Universal testing machine

Blade Maker | Resonance pulsator Universal Testing Machine

22 ~ Fraunhofer

© Fraunhofer IWES



ForWind \7-

Ed u catlo n a I Prog ra ms Center for Wind Energy Research V¥ oldenburg
: eibniz =
~ Fraunhofer
Master Programs Lk Borlilces IWES
L UNIKASSEL © .
-{ Wind Energy Systems VERSITAT F & %, HsB
)
Q‘v

! i i i CARL
v Wind Energy Engineering oo boN —
y universitdt —
-\ Renewable Energy, etc... ancha M

European Academy of Wind Energy (EAWE), Ph.D. program

Research alliances and funds

P

EU, European Energy Research Alliance

|
—~

DE, Research Alliance Wind Energy

P

German Federal States

P

Federal Government of Germany

P

Energy Industry research programs

\
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Challenges ahead

-

Development of testing procedures for reducing testing time

-

Accelerating time to market

P

Standardizing tests and model validation

PN

Assessment of environmentally friendly installation concepts

PN

Industrialized rotor blade production

i

Operational monitoring of prototypes

\
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THANK YOU FOR
YOUR ATTENTION

Questions?

tulio.quiroz@iwes.fraunhofer.de
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