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Smart Rotors for cost efficient Wind turbines

Agenda

- Some numbers

- Challenges for rotor & blades

- Experimental platform for wind energy research

Metallhybrid




www.DLR.de ¢ Folie 3

Wind energy Onshore in Germany
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Growth of wind turbine size in Germany

3000 180

O annual average rated power Data: IWES
I annual turbine growth Graph: ForWind g -

n
N
(o)}
o

1500

annual average turbine size [m]

750

annual avergae rated power [MW]

0

I e 0
S 0 N 9 D
Q7 A AN AV N

Sl N S

O N D PO A RO O DLOI>HE O D
PSPPSR LFSFTFFTLESS
RO R R R S R S S & S S

® e P
EDLR

Quelle: ForWind 2014




DLR.de ¢ Folie 5

Electrical Energy scenario for Germany

-Szenario 2011 A -
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Wind energy Onshore in Germany

Stromgestehungskosten in ct/kWh
10 Challenge: Costs!
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: : Challenge:
Wind energy Onshore in Germany Acceptagnce!

Potential und aktuelle Hemnisse

Abbildung 12: Einfluss des Abstands zu Wohnbaufliichen auf die Hihe des ermittelten Fliichenpotenzials
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Ch aIIenge COSIS - Power and Capacity at , same* site -

- Rated Power (MW)
- Capacity (MWh / year) ; 1 year = 8.760h

i DLR




www.DLR.de ¢ Folie 9

Challenge costs - power and Capacity at , same* site -

AN-Bonus E-101

Herzlich willkommen
bei der Biirgerwindgesellschaft
»Windkraft Diemarden GmbH & Co. K(

Unsere Gesellschaft zéhit 356 Mitglieder, die hier
einen Beitrag zu einer nachhaltigen Energiewende m|

regionalen Strukturen und regionaler Wertschopfung
leisten.

Unsere Gesellschaft z3hlt 356

einen Beitrag zu einer nachhaltj
regionalen Strukturen und reg
leisten,

Sie stehen vor der Windkraftanlage , Bischhausen 4

Anlagentyp: Enercon E-101
Anlagentyp: \ Nennleistung: 3.000 kW (3 MW)
Nennleistung: A Nabenhéhe 135m
Nabenhohe Gesamthéhe: 187,5 m (Rotorblattspitze)
Gesamthdhe: Rotordurchmesser: 101 m
Rotordurchmesser; Jahresstromproduktion: ca. 6.800.000 kWh

Jalir!Sstl‘omprodultﬁ' Baujahr: 2013

Mit der Jahresproduktion dieser Anlage lassen sich ca.
1.950 Haushalte mit einem Jahresverbrauch von 3.500
kWh versorgen.

Weitere Infos: www.windkraft-diemarden.de
Windkraft Diemarden GmbH & Co. KG,
Ludolfshausen 35, 37133 Friedland

1.850 MWh /1,3 MW =1.420h  6.800 MWh /3,0 MW = 2.270 h
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M Gerauschanteile Rotorblatt

Challenge Acceptance - e.g. Noise -
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Solutions ...
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Large Rotor Blades - Noise Challenges -

Problem of ,longer* blades
—> Larger blade tip velocity u =f (L)
- More Noise: N = f(u"5)

Measures

» Technologies for trailing edges
with reduced noise emission

» RANS/CAA — based noise prediction
for ,Design2Noise”

« Validation measurment
in acoustic wind tunnel (AWB)

70
Ly = —a—— reference
Y. godmls ———pe  With porous TE
(o =Vdegd —a—— with slotted TE
I ———— With brush TE
60 ot ed

- Concepts investigated in

BMWi Project BELARWEA T I I
) 10 15 20
f , kHz

Outlook

« Field test validation (- DFWind) cro | Wil om

» Multidisciplinary integration of T
structure-dynamic, aero-dynamic = o (EE——
und acoustic computational methods within blade design Queten FRPM

i DLR

Bild: Herr (DLR)
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Large Rotor Blades - Cost Challenges -

Forschungsverbund j \
Windenergie

Material

» Selection of performant and cost efficient
material components

* Anisotropic material systems, suitable
modelling and computational methods

« Test facilities & methods for validation and
verification (V&V)

Matrix cracks in
the90° layer

Production

« High placement rate and directional accuracy
through Direct-Fiber-Placement technologies

« Automatic tolerance management, e.g. for
monitoring of curing processes

Operation and Maintenance
» Reliability analysis of wind turbines using
smart blades

i DLR
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Large Rotor Blades - Load Challenges -

| =
Forschungsverbund l
Windenergie

High loads & load changes, e.g. through
o Turbulent inflow conditions
« Maximization of rated load range
« Large blades for high yield
already at low wind velocities
« Late cut-off at strong wind

Relief through intelligent rotor blades (Smart Blades)

» Passive technologies utilizing
Bend-Twist-Coupling

» Active technologies utilizing quick
mechanisms at leading and trailing edges

» Optimized controller methods

- Concepts investigated in
BMWi Project SmartBlades / SmartBlades?2

i DLR




Smart Blades:

Project structure and objectives

Technology 1:

Gefordert durch:

% Bundesministerium
fiir Wirtschaft
und Technologie

aufgrund eines Beschlusses
des Deutschen Bundestages

Strategic objectives
Coupled —  Num. proof of load reduction

% Bend - Twist -
2 Blades with Smart Blades
> — Decrease the CoE
= Technology 2: — Test of demo blades
= Moveables - Design & on real turbine
3 Control Strategies
7
2
O
Technology 3: _
:l . (
/n\ Adaptive Slats _—
1 I I I I I I L
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SB
Smart Blades - Bend Twist Coupling (BTC) - @

= Development of Geometric BTC blades and simulation on wind turbine
= Design of Demo Blade (20m) and manufacturing of the appropriate tooling

.
Referenz
|||||||||‘|H|‘| le P GEIC
IR P gy,
Reference Blade DN Swept Blade
12000 T T

kN/kNm
g
8

2000

0 Quelle: DLR, 2016

Fatigue DEL at blade root, Sevinc (IWES), 2016

B

ForWind ¥/
? . - |
B i TTOIOR 16 Research Alliance k&
DLR fir Luft- und Raumfahet o Wlnd Energy



Smart Blades — Active trailing edge -

ForWind X/
Z Fraunhofer
# Deutsches Zentrum IWES
DLR  fibr Luft- und Raumfahrt oV

in des Heimbholtz-Gemenachaf
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Quelle: N. Oltmann (DLR), R. Unguran FW - OL)



SB
Smart Blades — Active trailing edge - @

Moveables: Design & Control Strategies

= Concept and realization of a lightweight flexible trailing edge demonstrator for
wind energy turbines

= A comparison of individual pitch and trailing edge flap control for structural
load mitigation of a wind turbine

» |nvestigation on various configurations for Load Reduction of Wind Turbines

M
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j

MRAW

i
=
i

| ]

Quelle: Oltmann (DLR) Quelle: Unguran (FW - OL) Quelle: Pohl(DLR)

ForWind ¥/ /
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Smart Blades — Active leading edge -

Integrated Slat configuration

““““““““““““““““““ Original Profile
E—— Baseline
Optimized

Quelle: Manso Jaume (DLR), 2015

= Design of an integrated leading edge slat
= Wind tunnel tests on airfoils with active slats

» Feasibility of adaptive slats concept is proofed

Quelle: T. Homeyer (FW-OL), Huxdorf (DLR), 2016

ForWind ¥ (_
Z Fraunhofer 19 Forschungsverbund \j[
B oz s Windenergie



Smart Blades — Active leading edge -

Proof of concept

Wind tunnel measurments with fluctuating inflow (*=6°AoA at 5Hz) generated

-> Proof of mechanism effectivity

 Load compensation through slat closing/opening

-> Proof of dynamic relevance

« turbulent loads (caused by ¢C; ) can be reduced at constant mean value ( C; )

1.8 e ———
[ GCL
1-6'IGCD 0.23 117
] D217 & ™
= increasing lift force _~ 7 :A‘ i’ ] 115
1.2 J % : :‘:LD”J .'(-: 51.13{: . - s e @ a &
=017 ' ' = 1.11
o J %, . -
% © 015 o4 © 1.00
O 0.8 0.13 @ 107
0.11 ; [ . . 1.05
&ri"‘-ﬂy‘lﬁ &if'{'y;&
Quelle: T. Homeyer et al. (FW-OL), 2016
ol®
ForWind ¥/ /

/ﬁ .
B ez A Fraunholey 20 Research Alliance
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Smart Blades - Succesful? -

Komplexitat

.

offen offen

[ Investitionskosten J
A

Senkung 4 ll
Steigerung
Konzept
SmartBlades
Gewicht
Rotorblatt / Rotorblattlinge
Triebstrang -flach
k Reduktion &jEME
Reduktion l VergroBerung

Strukturelle
Belastungen
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Methods and Technologies for Smart Rotors
- Validation and Verification (V&YV) -

Robust

Wind Resources, ]
: B \ Operation Strategies _. Acceptance |
" Design, Analysis, | Noise: Emission,
Production Transmission, Immission

Experimental
Turbine

d___‘___#—- R—

~ Analyse & Simulation
Code-Development
- Multi-Disciplinary
- Multi-Fidelity
Loads, Sensitivities
- Studies & Predictions

Experimental Research Platform
- Phenomena, Data

- Technologies: Testing &
Qualification

\\

- Methods: V&V
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Platform for Wind Energy Research

Gefordert durch:
% Bundesministerium
fir Wirtschaft . L L
und Energie ,ﬁ, Niedersachsisches Ministerium
Oy fiir Wissenschaft und Kultur

aufgrund eines Beschlusses
des Deutschen Bundestages
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Project PROWind
- Implementation of Basic Research Infrastructure -

 Site selection, development and
approval in Lower Saxony

* Planning and implementation of
basic research infrastructure

» Erection of 2 WT (ca. 2,5 MW)

Niedersachsisches Ministerium
y fur Wissenschaft und Kultur

i DLR



http://upload.wikimedia.org/wikipedia/de/thumb/a/ae/Universit%C3%A4t-oldenburg.svg/1280px-Universit%C3%A4t-oldenburg.svg.png
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Project DFWind
- Research Enhancement (www.dfwind.de) -

Basic Turbine Data Meteorology &
' ; /A7coustics
| CMS - -
|4 \
T I8

LN

. Certif. 2
Validated L‘Am

Understanding of

Turbine Dynamics

¢ Manuf.

Support Structure &
Geotechnics

Structure, Circulation
& Oscillation of Rotor
Blades

Geférdert durch: e
% Bundesministerium
fiir Wirtschaft —
und Energie # Deutsches Zentrum n d ﬂ,_’ ﬁ Fraunhﬂfer
antrum Tr Wi d esangi elorack : .

any b IWES

aufgrund eines Beschlusses
des Deutschen Bundestages
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DFWIind
- Turbine Instrumentation -

Condition
Manitoring
System

Additional
Instrumentation
for Certification

Turbine Manufac-

Meteorological Data m turers’ enhanced
standard
mantm: - | State Data 4 Instrumentation
Meteorsog Eopedcnt / T
Control System

» Basic research instrumentation (acc. to IEC 61400)
» Electro-technics and EMC
* Nacelle - Condition Monitoring System

Forschungsverbund gi
Windenergie
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DFWind
- Experimental Turbine Control -

o
Forschungsverbund I\J[,;
Windenergie
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DFWind

- Instrumentation for Inflow, Meteorology, Acoustics -

single-microphones
freely arrangeable

experimental- "
met-mast+ :
IEC-compliant + additional Instr.:
+ pres. weath. sensor + small DWL.. 24(25) D 45D 1

A —_—
mgg[owave-radlometéer iﬁ‘;
MA on tHe grou ni/
with concrete fundamen
eddy covariance :
SECY EOVRTIENES —" WTG 1 with

* MA on the tower
|

scanning Doppler-
Wind-Lidar (DWL B

> TETTTO meter.
» two DWL G1/2 on Nacelle

single-microphones .

operation centre

12D
met-mast-

citizens’ WTG

Forschungsverbund
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DFWind
- Rotor Blade Instrumentation -

Deformations Aerodynamic properties

Quelle: DLR

Aeroelastic identification

Structural ,
Health / Ny - Acclrameer
Monitoring ~ *= - * Torpmatire Surmor

Quelle: Bishara, Garmabi, FW H

l',,.--‘r _:
Forschungsverbund \__{
Windenergie




DLR.de ¢ Folie 30

DFWind
- Support Structure and Geotechnics -

Tower Dynamics
Stress Determination for q::

Ring Flange Connections

{i £ PCE Plsgoroncs
Stress Determination for \_\%

Highly stressed Locations Structural Health Monitoring

|-

£ HAM Deurizosdand

Monitoring of the Grouted Joint

_» between Foundation and Tower
-

A

& Enasas GanbH

Soil-Structure-

Interaction  ———__
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DFWind

- Data Acquisition and Management -

Basic Sensors

Data Acquisition
on the Test-Site

N
“u, I
e :
By
S P

Data-Center at DLR
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|
Forschungsverbund ‘

Platform for Wind Energy Research indenerle
- Outlook -

es Experimental
Turbine

(appr. 40m diameter)

Wedrnerga |

management

i DLR
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Smart Rotors for cost efficient Wind turbines

Summary

Growth of wind turbines allowed for significant cost savings on LCOE
(Levelized Cost of Energy

Wind turbines are currently the largest rotating machines ever built

Design - Production - Operation
issues are extremely challenging and yield still large potential for savings

Full scale Validation is of great importance to assure industrial implementation
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