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General remarks (1)

Many issues which are identified as priority topics in TPWind 3
WG 31, 2, 3 and 4 are being addressed in UpWind, however:

Many UpWind S activities are initial phase actions (metrology,
distributed aerodynamic rotor control,) or

Continuation of high priority research with specific deliverables
but not being the final phase (rotor structure and materials,
conditioning monitoring)

Overall progress is very satisfactory
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General remarks (2)

Upwind S unique features:
Metrology (See website for most critical parameters)

Integrates the scientific and technical disciplines, the sector
needs for the entire development chain of wind turbine
technology

Integral design methodology
Incorporation of Education aspects
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WG 2 Foundations and support structures
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WG 2 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

i)

SIXTH FRAMEWORK PROGRAMME

n\Wind

(






Score

Current
designs
(<20 m): |
Monopile

SIXTH FRAMEWORK PROGRAMME

Monopilg ..... Jacket..... Floatl ng spar
“_ : L

45 a0
Water depth [m]
Current
design:
1st Jacket

120

o Cravity base
st SLICHON ELICKEL
e (DTN TR
= Holing: Barge
= Foating: TLP
e FoGEING: Spar



WG 2 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 (4" year)
Adaptive design of large
number of support =
structures at varying site Casted joint
conditions (5t year)
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Cost reduction through

Cost reduction through
integrated design & design methods

weight reduction & standards
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site-insensitivity & series
production
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WG 6 Remote sensing

RISO
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WG 6 Remote sensing

WP 4.1 Cheaper faster dynamic measurements of wind velocity
Vertical profiles
Offshore
Complex terain chracterisation
Wind field of large rotors
Flow in wind farms
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Beam 3

Beam 1
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WG 6 Remote sensing

Lidar08 116m: (—0.0322053 + 0.096397x)
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High degree of correlation.

Lidar-Cup slope (dry weather data)
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WG 6 Remote sensing

Experimental research more difficult to manage than desk work !

Teething problems for the lidars and the sodars.

CENER lidar defect needed to be returned, measurements
expected resumed soon.

CRES sodar destroyed, measurements expected resumed
soon.

Annoying but NOT (yet) CRITICAL DELAYS
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WG 6 Remote sensing

UpWind accelerated development of LIDAR
More manufacturers

Measurements create confedence in this novel technique
New applications came into reach (e.g. rotor control)
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WG 7 Condition monitoring

Participants:  ISET (D),
ECN (NL),
Risg-DTU (DK)
SmartFibres (GB)
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Subtasks:
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WG 7 Condition monitoring

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

UnWind
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WG 7 Condition monitoring

CMS for use in multi MW turbines; material properties
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FBG load and temp
sensors in blades

FBG accelerometer(s)
in blade(s)

Possible shaft displacement

CMS for use in multi MW turbines; operational verification

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

transducer
W-LAN enabled
FBG Interrogator
in hub v U
j‘*

W-LAN from
hub to PC

FBG load and temp
sensors in tower

— |

W-LAN from
hub to PC — ]

FBG interrogator X ;
remote URL

in tower base
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WG 7 Condition monitoring

Flight Leader concept

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

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

= Distance between g @2 ¢3 ¢4 @5
turbines is 7 Dg

= Main wind direction Is
roughly SW & ¢ & & o0
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WG 7 Condition monitoring

Flight Leader concept

Simulation results:

=Thereis a
significant
difference in the
load exposure to
WTs in wind farm
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WG 7 Condition monitoring

Flight Leader concept

Higher loads when turbine 2 is in

. ® Vv, = 75mis
wake of other turbines ® Vw=100m/s
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Fault statistics to identify fault critical components of WT's

WMEP

operator reports
measured data
co-operations &

3rd-party contacts

250 MW Wind
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WG 7 Condition monitoring

Fault statistics to identify fault critical components of WT's

0,4
W Stall Control Mech. Brake
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Higher rates for stall »n 0,3
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© 0,2 | []
Pitch control allows )
aerodynamic brake ‘E:
operation, i. e. reduced =
wear on mechanical € (0.1 -
brakes
0,0 O I I I I I I I I I I

1 2 3 4 5 6 7 8 9 10 11 12 13
Operational Year

)

» \A /i d
I\J p vy i n
SIXTH FRAMEWORK PROGRAMME



WG 8 Electrical grid

Risg-DTU DK
Aalborg University DK
Energy research Centre of the Netherlands ECN NL
National Technical University of Athens GR
ISET/Universitat Kassel e.V. D
DONG Energy (WP leader) DK
GE Global Research D
Garrad Hassan GB
NEV Vattenfall A/S Generation Nordic DK
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WG 8 Electrical grid

Expected results

Improved reliability assessment
Better integration in power system

Electrical design requirements for future wind
turbines
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WG 8 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)
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WG 8 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 30m 60 m

Distance to shore 25 km 100 km

Area Square Square / double square
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Cost modelling; grid connection architecture

Simplifications: 1
 AC only

HV PCC
VjDHV XLPE submarine cable
° Standard Iayout HV XLPE submarine cable
T

e Present design 7
principles

275 MVA Transformer 275 MVA Transformer

L

Arrays to wind turbines Arrays to wind turbines

)
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Cost modelling; comparison different configurations

Comparison of grid connection costs
66 kV & 220 kV

kEUR / MW

A 100x5 MW Co25x20 MW B: 200x5 MW

W Arraycables W Offshore substation W Connectortoshore M Lifetime losses
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WG 8 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.
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WG 11 Dissemination of knowledge
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WG 11 Dissemination of knowledge

Challenge

Research
activities

Results and
expectations

Contact data

Participants of
WG
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THE RESEARCH ACTVITIES

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 cOMMuNCAtion of The
glesigh parameters snd design deveh
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

design;

« Development of standards in general
&na for the epplication of the integral
lecigh spprosch, including defintons.
o interfaces between models, includ-
ing Gata heeds, Specifostions end
protoccls;

+ 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 decicsted ot facktating
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 to dete. Input
deta will be provided from the other work
peckages. The dala Wil be mede easily
secassibie to all partners in the project.

Externalconltins
— ek wina tursne
sesign datz iy perfarmance
WPL
canversion comversian
PROJECT INTERNET SITE
other Work Packages
R analysis R
cesign ootz e perrmance

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 eutomete e multi
disciplinery processes. This sutometion is
ot intended to replace the desgn tesm,
but rather to repla iities and

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
of

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

developed in this
tack, &5 these represent the imerfaces
between the model generstor snd the
ansiysis tools. The reference wrbing wil
be used 85 & case sStudy.

Integration and Seientific work packages

WP Hunber .ﬁy

Work Peckage
Aerumarics & aomslsst

3 ko stroture and matorisl
4 Foundations & upport strctares I
5 Cantrl sptems

& Femole samirg I

7 Condition monitring

' I

B Bectrical grid

10 Mesaoment !

Soiartifi itegraion

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 integeal 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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