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Remarkable results of the UpWind Project,
Introduction and overview

Peter Hjuler Jensen & Jos Beurskens
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General remarks (1)

Upwind has identified many priority topics which now are being
adressed in the TPWind in the working groups WG 3 1, 2, 3 and
4, however:

This is not a duplication but emphasises the importance of the
research topics.

Overall progress is very satisfactory
“Advanced” brganisation works !

Shows the sector has grown up and able to handle large
complex challenges
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General remarks (2)

Upwind S unique features:

Integrates the scientific and technical disciplines to harvest
synergies and to meet

The sector 3 needs for the entire development chain of wind
turbine technology

Integral design methodology
Incorporation of Education aspects

i)
_

UnWind

RRRRRRRRRRRRRRRRRRRRRRR



WP 1A.2 Metrology

= Metrology Database of parameters has been defined
= Contents are being completed

= Before the summer a version is available within Upwind

Ap plications
Table=applications
Al

Indication

Table=indication .
Pararm MNo

1 1 1
State-of-Art-Analysis-Technique State-of-art-technique Parameters
Table= methods Table=technigue
NAID, AlDY

Table=parameters
TiD, Param no PID, AlD, Pararm No
i
1 1
References Problems Parameter-Technique
Table= references

Table= problems
RID, MID PRID, MID

Sensor applications
Table=params_tech

Table=sen sor_appications
TiD, PID PID, SID

Sensors

Table=sensor_types r==
SilD, Param No

Commercial sensors

[

Table=cormmmercial _sensors
Lo =

D, SID, Param No
Vversion 11-171-2008/ksh
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Contrib

WP 1A.2 Metrology

ution to IEC61400-12-1

A new definition of wind speed when including the
wind speed profile

In close cooperation with WP6 (Remote sensing) 1A2

(Metro
conseq

ogy) Is investigating datasets for
uences of new definitions

Existing ©

atasets —in collaboration with WP6 —are

Investigated and the results are shared in the
IEC61400-12-1 working group in May.
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WP 1A.2 Metrology

Example shows

Do rotor-averaged wind speeds reduce uncertainty in
power performance? Results at ECN test site
(masts upto 108m) show no improvements.
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WP1B.1 Innovative rotor blades
Structure and Description of WP

Task ID | Task Name

WP1B1.1 | Aerodynamic Design and Loads Calculation

WP1B1.2 | Materials Selection, Structural Design and Structural Verification

WP1B1.3 | Sensors and Monitoring Technologies

WP1B1.4 | Blade Joints Design

WP1B1.5 | Sub-component Testing >
WP1B1.6 | Manufacturing and Assembly Processes prey. pad
rif:::’f"”j:,--] m— 6{5“ -
WP1B1.7 | Specimen Prototypes Manufacturing ] NS — "
. . Bolted joint test IF// A Bolted joint test
WP1B1.8 | Specimen Testing fiting spacimen
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WP 1.B.2 Transmission and conversion.

i <Mechanical Transmission
=Tools for detailed analysis of turbine & drive train loads

Generators

=Comparison of different generator configurations

=E|ectromagnetic optimization
=(Qptimization of the mechanical structure

Power Electronics
(¥ =Converter topologies
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WP 1.B.2 Transmission and conversion.

Short summary
Development and validation of analysis tool with emphasis on
Drive Train loads —— =

= Detailed gear and bearing loads
= Matches well with measurements

So far:
@ Enhanced methods did not reveal effect of bearing clearance
hidden threads for gearboxes. é o @a B
@ State of the art methods seem notto & J M UL J \ ~ Rexroth
underestimate loads — we are on the & > _
. o ST BN
save side. T %

@ But: safety margin is unclear, there is
potential for cost reduction.

See: “Matching experimental and Numerical Data of Dynamic Wind

Turbine Loads by Modelling of Defects”. EWEC 2009 - Session CT2.4 l —_ |
(Andreas Heege, SAMTECH lIberica; Jan Hemmelmann, GE Global Research)
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WP 1.B.2 Transmission and conversion.

Outlook

Detailed dynamic loads are only the first step

= Enhanced bearing life calculation: “4 whole world to explore””
—example: how to deal with combined loads

? multi-dimensional load duration distributions (LDD)
? statistical treatment

? combining max loads as before
—example: which transient conditions are dangerous?

? how to identify critical dynamic conditions
? methods to prove it under laboratory conditions

—See; DEWEK 2008 “Advanced Drivetrain Simulation —Wind”~

(R. Hambrecht, Repower Systems AG; F.-D. Krull, Eickhoff Antriebstechnik GmbH)
= Component life prediction
—right model fidelity: compromise between CPU time and details
—identify representative (worst-case) load cases out of ~2000 available
= Certification: loads of new data, but what to do with it?
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WP 1.B.2 Transmission and conversion.
Benefit of UpWind program

“WP Transmission & Conversion” hit an open nerve

= Drive train concepts are under investigation everywhere:
—ho clear “Winning technology~ et
—great potential in generator topologies
= The need for more precise dynamic loads is felt in whole industry:

—industry is taking initiative to develop methods and tools
—will become a standard method in future
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WP 3 Rotor Structure and Materials

WP 3 Is subdivided into three Tasks:

Task 3.1: Applied (phenomenological) material model
(based on experiments)

Task 3.2: Micro-mechanics based material model
(RIS@) (based on fibre/ply modelling)

Task 3.3: Damage tolerant design concept (Based on
FEM with properties damaged materials)
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WP 3 Rotor Structure and Materials

Coherence of work within WP3

Analytical Research

Blade

Experimental Research

-

design tools/
standards

Probabilistic
approaches

Phenomenological
Maodels

Layer-damage models

Unit cell approach
Micro-modelling

Sub
component
testing

Coupon
testing

Fibre-testing
SEM-R&D
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Cost reduction through
integrated design & design methods
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Cost reduction through

weight reduction & standards

Cost reduction through
site-insensitivity & series
production




WP 4 Foundations and support structures

WP 4.1 Integration of support structure and turbine design

Integrated design and WT control for mitigation of aerodynamic and
hydrodynamic loading

Compensation of site and structural variability

WP 4.2 Concepts for deep water sites

Innovative bottom-mounted structures e.g. truss-type

Very soft structures: monopile-type or braced-type
Floating structures

WP 4.3 Enhancement of design methods and standards
e.g. non-linear sea states, multi-member support structures,
large number of similar designs, floating designs
Support 15t revision of IEC 61400-3
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WP 4 Foundations and support structures

NREL

Benchmark of design tools (IEA Wind Annex 23)
Design tool for floating turbines (3 & 4™ year)
Design of floating wind turbines (5t year)

Centre for Wind Energy & Marine
Technology (CWMT)

Sub-structuring of joints Iin
braced support structures
=> UpWind reference
design (4t year)
Adaptive design of large
number of support .
structures at varying site Casted joint
conditions (5t year)
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WP 7 Condition monitoring

Subtasks: 7.1 Next Generation CMS for use in
multi MW turbines

7.2 Flight Leader Turbine concept for cost optimised
O&M on offshore wind farm WTs

7.3 Fault statistics to identify fault critical
components of WTs

7.4 Integration of WP7 results into international
standards and technical guidelines
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WP7 Results Subtask WP7.1, Compression Fatigue Test
Coupons

Before
test

After
test

Embed
ded
sensor.

)
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WP 7 Condition monitoring

FBG sensor
field test installation

FBG load and temp

sensors in blades =)

FBG accelerometer(s)

Possible shaft displacement

Possible fibreoptic rotary
joint from hub to nacelle
(removes need for 2nd interrogator in tower)

transducer
W-LAN enabled
FBG Interrogator
in hub y =
>
W-LAN from |
hub to PC

FBG load and temp
sensors in tower

W-LAN from
hubto PC — ]

FBG interrogator
in tower base

SIXTH FRAMEWORK PROGRAMME

—+— FBG accelerometer(s)

in tower

PC in tower base
(alternatively nacelle)
Datalink to
remote URL
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WP 7 Condition monitoring

Model Wind Farm Layout

& &2 &3 &4 &2
Model wind farm:

= Djistance between rows
s 8.3 D, @b 7 @8 @9 &0

= Distance between @ @2 ¢3 P
turbines is 7 Dg

= Main wind direction is

roughly SW &
/ @oad re?ere

'
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WP 7 Condition monitoring

Relative Loads in the wind farm

Simulation results:

= There is a significant difference
In the load exposure to WTs in £
wind farms

= The more turbines have been
passed before, the higher is the
loading 2

fatigue damagea relative 1o turbine 1
[

)
1*J
=
=
o
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WP 7 Condition monitoring

Flight Leader Turbine Field Tests
Turbine 5

Turbine 4

Turbine 3

Turhine 2
N

UnWind

ECN 3 test field in Wieringermeer, NL: 5 Nordex N-80 turbines with 2 MW each

W
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ISET S Data Base Description

WMEP

s1oe1u09 Aued-pig

sdiysiaunec
% suolelado-09

elep painsesw

suodal Jojelado

250 MW Wind
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WP 8: Flow

Status

Wind farms becoming large (multi-row). Wake losses predicted 5-8%
but can be (much) larger

In large offshore wind farms, models over-predicting power output I.e.
under-predicting wakes. Not evaluated for large wind farms on land.

In complex terrain, problem to predict both wind resource and wake
losses

Need new models/measurements to reduce uncertainty and provide
accurate power output prediction

Bridge gap between CFD and wind farm models

N
)
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WP 8: Flow

Scientific Issues

Current wind farm models appear to be missing a process which causes wake recovery
to be slower in large wind farms than expected

= Feedback between turbines and boundary layer?

= Multiple wake combinations?

= Atmospheric stability?

= Need more data and evaluation of model parameterisations and CFD
In complex terrain there is large uncertainty in resource and wake prediction

= CFD is seen as a way forward

= Needs evaluation (a complicated task in itself)

= Need more data sets

For multiple wind farms in close proximity (within 20 km) tools are needed to calculate
downstream losses

= New models have been developed and need to be moved into the evaluation
phase

Ultimately the wind industry expects to have a tool which combines wake impacts on
power and loads so the optimal layouts can be determined

'“|||IH \
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WP 8: Flow

Structure of the EU funded UPwind project

Data

Complex terrain Offshore Array )htegration

Gaussian Entsirrtl_ble Model Wake

Hill StaliSes developmen reduction

Horns Rev

/ 5 turbines / / EQZEQS: / / Model / / Lifetime /

flat (ECN '

( ) Nysted evaluation loads

Complex Time
terrain WF series
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WP 8: Flow

Complex terrain - Research farm

Examining multiple wakes in b
complex terrain:

Five research turbines (2.5 -
MW) with one 108m high
meteorological mast (mm3)

Normalised power
o
oo
I

220 240 260 280 300 320
Direction (°©)

Results courtesy ECN
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WP 8: Flow

Complex Terrain —Wind farm data

5 alignments NE-_SW In moderate ;\“//'VTLRE/')ASTS
complex terrain FONIND
Wind farm data: CASE 3
43 WTs x 700 kW
Met masts WS & WD +

WT Nacelle Power
WT Nacelle WS & WD
Three cases: 44+

” >
Case 1: 325°+5°, 13D spacing
Case 2: 247.5°+5°, 1.5D spacing
Case 3: 67.5°+5°, 1.5D spacing Data courtesy CENER

'“|||IH \
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WP 8: Flow

Horns Rev - Ensemble statistics

Averages 6154000 —
. . ,
Iden_tlc_al conditions (ws,wd) < Case 2
Maximise number of O —
observations |
Discrete in time

11 213141516171 8101

UTM (m)

6150000 —
: .. Case 1l

Small wake widths=limited | W
ObS' 6148000 —

Fir -

St Se.t Case 3

Direct down or across rows 6146000 ‘ ‘
D|fferent Wake W|dths /124000 428089I'M o 432000 436000
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WP 8: Flow

Measurements at Horns Rev

Measurements directly down the row
Case 1 (7D)
Normalised power
U at first turbine 8.0£0.5 m/s

-
|

o
©
|

Normalised
power
o
(@)
|

o
\]
|

o
o))

Wind turbine number Data courtesy DTU
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WP 8: Flow

Array effects - Results

Tuning of Tl (or via roughness) - good agreement with measurements
Wind speed within the wind farm drops < 80% of freestream
Recovery to ~ 90% occurs within ~5km of wind farm end

Further recovery over ~20 km

More: Frandsen et el. EWEA 2008/Risg-R-1615

240 deg, 9m/s
ﬂ W. Schlez,
o | Mgvpuuees s : : : : —_ Garrad Hassan & Partners
= Y e ¢ . . . . . . .
S 08 segsege
oo fenetd® , ’ s 3 D J
b=t MIif} .’“.0 [ » [ »
2 0.6 bl ¥ [T L0 seos® u.“
E
04
5
=02
o
o
0 ‘
1 1 21 3l 41 51 61 71 81 91
turbine number
¢ SCADA data s WF EV with IBL model =~ WF EV without IBL model

o> UnWind
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WP 8: Flow

Summary

= UpWind project
Provides platform for undertaking model evaluation
Provides platform for data sharing

Combined activity is most effective
= Progress made

Data sets collated and analysed
Model evaluation complete/underway
Areas for model development illustrated

4 deliverables available at www.upwind.euy (made public)
= Future

Minimise power losses due to wakes
Integration of loads and power to give optimal layouts

U\
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http://www.upwind.eu/

WP 9 Electrical grid

Expected results

Improved reliability assessment
Better integration in power system

Electrical design requirements for future wind
turbines

Cost analysis

i)
_
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WP 9 Electrical grid

Status of work
Survey of wind farm reliability (completed)
Reliability database (complete)

Investigation on power system requirements for high wind
penetration (completed)

Study of wind farm design (nearly completed)
Evaluation of extreme wind and control (pending)
Work on cost function (just started)

i)
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WP 9 Electrical grid

Cost modelling; reference turbines and wind farms

Wind turbine electrical power: 5MW 20MW

Rotor diameter D 126m 252m

Tip speed 80 m/s 80 m/s

Hub height H 90m 153m

Reference wind farm 500 MW 1000 MW

Water depth 30 m 60 m

Distance to shore 25 km 100 km

Area Square Square / double square

'“|||IH \
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Cost modelling; grid connection architecture

Simplifications: l
* AC only v pee

:;DHVXLPE bmarine cabl
® Standard Iayout HV XLPE submarine cable y
» Present design 7 7
principles

275 MVA Transformer 275 MVA Transformer

MV

Arrays to wind turbines Arrays to wind turbines

i
B
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Cost modelling; comparison different configurations

kEUR / MW

1000

so0

800

700

600

500

400

300

200

100

Comparison of grid connection costs
66 kV & 220 kV

A 100x5 MW Co25x20 MW B: 200x5 MW

W Arraycables W Offshore substation W Connectortoshore M Lifetime losses

D:50x 20 MW

'|!||I>‘ \
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WP 9 Electrical grid

Cost modelling; Conclusions

Increase of voltage level of internal network is
Important

Increase of voltage of connector to shore
220 KV technical limit for AC. DC to be considered

Costs mainly depending on distance to shore
Costs are less depending on wind turbine size.

i)
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WP1A.3 Education and training

Development of a number of training modules for
International courses and the necessary supporting
education/training material.

To provide a modular framework for training

i)
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WP1A.3 Education and training

U researchers, post-graduate students — PhD level,

U industrial engineers (in particular those employed in
SMEs), energy planners, project developers and
consultants

U Training content: the state-of-the-art knowledge recently
produced in particular results/outputs of the other WPs of
the UpWind project.

i)
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WP1A.3 Education and training

Stages of wind energy training and education

Level 3
Habili-
tation,
PhD, ...
Level 2
UpWind
Concentrate on training courses

technical UpWind issues

Fundamental WE training courses
at university level, providing the principles
for e.g. wind resources, aerodynamics,

éé Betz limit, WTs design, electric machines,

grid integration, economics, etc. LInWind
SIXTH FRAMEWORK PROGRAMME H




WP1A.3 Education and training
Results

It is integrated in the Renewable Energy Knowledge
Transfer Network - REnKnow.Net (\www.renknow.netf

REnKnow.Net

Renewable Energies Knowledge - Transfer Network

FAQ Help Contact print
i UpWind - WELEN
Home
About REnKnow.Net L /
NAVAIS IERN]

Peer Review Process

Diicbaen g me VYN

gearch Objects The wind Energy Information snd Education Metwark (WETEN) is dedicated to disserminate the late st knowlsdge an

LOBIN wind pawer and provide training material shout wind power to & global cammunity,

LUOE S A number of modules for international courses in the field of Wind Power should be developed including the

necessary supporting education and training material.
Passward

This is done in order to provide latsr a suitable vehicle for the training of researchers, professors, lectures,
students, and industrial engineers {in particular for Small and Medium Size Enterprises), as well of energy
Iogin planners, consultants and project developers on the state-of-the-art knowledge and expertise produced in a
Forgotlogin data? variety of wind energy related topics including the results and outputs of UPWIND project.

REGISTRATION & If yau sre2 & RERKRow.Net rhermber and wauld like ta use the OSKC Graup, plesse uze (23 in 2nd selest OSKC
in user menu and dick on the link creatorto send a message,

« If you are not a member and would like to use the BEKE Group, join REnKnow.Met Seled BSKE in user menu

OBWIND S WEIEN and click on the link crestor to send 3 messags.

Sign up now!

UpWind - wel
pleace cick hare
UpWind-\WEIEM wel

INFO BAR

. UpWin
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WP 11 Dissemination of knowledge
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WP 11 Dissemination of knowledge

Challenge

Research
activities

Results and
expectations

Contact data

Participants of
WG

SIXTH FRAMEWORK PROGRAMME

e mein resesfeh ectivities for me
integrel desigh epprosch and standsrds'
work peckage include:

= Deéning and updsting a reference wind
turbine and & reference technical-eco-
romic cost madel for benehmerking
10 be used for GOMMuNCTIon of Te
gleigh parameters snd design devel
opments and the msin economic snd
Wyemic performance parameters for
il UpWin project activities;

+ Development, spphicstion snd sualu-
&tion of an imegrsl design approach
MEMOCCIOgY i OFFSHOME Wind Turline

desig;
« Development of standards in general
ana for the: apglication of the integral
esign spprosch, including desinstions
o interfaces between models, includ-
ing oata heeds, specicelions end

=

+ Defnitions snd specifications of sxper-
mental dets 10 be condensed into
iNpUT ESIEN ParEMETSIs for e Cesign
mogels or to verify critical design end
performance issues.

In practical terms, the sbove research
Betivities are sub-givided into 4 tasks.

SUBTASK A: REFERENCE WIND TUREINE
AND COST MODEL

The subtask is deciosted ot factat
the integration of te rfferent sotwties in
&l the horizontal {encl vertical) work pack-
sges throughout the project. For this, &
Fefelence wind tuibine Wil be defined 1o
provide & besis for communication end
comperisons. The oesgn parsmeters
and the mein chetacteristios, inchuding
FESUNS Of paremeter Sensithily Studies,
will be defined and kept up o dete. Input
deta will be provided from the other work
peckages. The dala Wil be mede easily
secassibie to all partners in the project.

Economic
wing natine ‘::’: wing turtine
design cats rigy pertarmance
conversion ‘conversian
PROJECT INTERNET SITE
other Work Packages
wina aimhpia wrawarne
oeaign ootz I athar perrarmance

WP

SUBTASK B: INTEGRAL DESIGN
APPROACH METHODOLOGY
Other technology sectors, such as &
trnsport, Nave experienced & deveiop-
ment similsr o wind energy with respect
to increasing complexity and facus on
specialists. FOr 50me of tese teahnalo-
gies *Knowledge Besed Engineering”
(HBE} is investigated a5 & means to
inCrEgse Procuctivity of e design teems
ana 10 r2duce e BOUNENes between
disciplines. KBE tries 1 model not only
Properties of & product, but also the knowl-
edige BLOUT The Fraduct thet oaptures the
engineering intent behind the design. KBE
can be ussd in Design snd Enginesring
Engnes (DEE), 10 sutomgte e multi-
disciplinery processes. This sutometion is
ot intended to replace the desgn tesm,
d

DEE is & [muiti] mode] genenator in which
the parsmetrical description of the prod-
uet resides. It gets input from a conoept
EEnerstor and (fejgenersles the input for
the ansfysis tools: the discipline silos. Typ-
ically, the discipline s3os are commencisl
oFfthe-shelf BhalySis 100%s. The Knowi-
edge Bssed Enginesring ool reside in
the conoept generator

I, e OLjeCcVE of this BCIHTY i 10
assess the feasibility of this approseh for
wind turbine design and to deveip the
knowleage neeged o generste & DEE for
this purpose. It is noted thet the analysis
toals in the discipine silos sre exernsl
100iS &Ndl GrE MOL Part of e deveiopment
undertaken in this sctivily. However, this
activity wil contribute to snd meke use

but rather to repla it

o iMprove effciency o consistency of
information exchange. As & resu, design
tesms Wl have more time for their cree-
ive CORTBUTIONS &ndl s can intresse
their proguctiily. Core element of the

of geveloped in this
task, &5 Mese fepresent the iMerfaces
between the model genersior and the
anaiysis tools. The reference turkine wil
e used 85 8 oase Shudy.

Integration and Seientific work packages

Work Peckage
Aerumarics & aomslsst

3 Rotar strotuns end matorisls

4 Foundations & upport strctares I

5 Cantrl sptems

& Femole samirg I

7 Condition monitring

' I

B Bectrical grid

10 Mesaoment !

Soiartifi itegraion

’f
R,
WP Hunber 'Ayf y‘.

O
N

o . S

B

==

b

SUBTASH C: DEVELOPMENT OF (PRE)
STANDARDS FOR THE ARPLICATION OF
THE INTEGRAL DESIGN AFPROACH

This subtssk is tedicated 1o the develop-
Ment ehd forMmuEtion OF STan0Erts in 6
broad sense, and for the appicstion of
the integrai design spprosch of subtask B
HEnoe e subtask C Gims &t imegrating
the design moosis, experimentsl methods
&nd concepts arising from the horizontal
WOrK packsges.

SUBTASK D: INTEGRATION, REVIEW AND
PLANNING WORKSHOPS

This SuDtask focuses oh ooordinetion end
cross-cutting activi

RESULTS AND EXPECTATIONS

So far cost functions for the components
of the wind turbine, for which the input
oM pareliel Project activities i needed
have been developed.

TIis WP WOTKS if CIoSE D0OPEration with
the WP Upscaling (184).

The final results of the work packsge

inciuge:

«Guidelines for the imegral design
approsch, inclading  guidelines  for
‘esign modets, expenmentsl Metads
&nd concepts enising from e scientific
e

+ Recommendations and pre-stendens
10 be Submitted for IEC/ISO end CEN/
CENELEC for the revision of development
of intemetionsl Standards for design
‘&N TeSts of WinD Energy Systems.
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