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Discuissiors Topics Nc S
# Motivations
% Enhancing reliability & efficiency of offshore

wind turbines
i FDI/FTC general structures
- Fault models
i Wind turbine modelling issues
i Benchmarks
i Concluding remarks, references, open issues
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Sustainable ICanttrol xPerolalém

Aim .
Increase multi MWatt offshore wind turbine reliability (=10MW)

N

Exusting problem

Trade-ofl the annual power production with lifetime & cost

Solutions
—_ .

Supervision & monitorng systems using : | , .
R . r _ Fault tolerant control techniques
increased state information and measurements o




Sustamalsle Contirdl SSolubtions

Supervision & monitormg systems using

: Fault tolerant control technigues
increased state information and measurements 9

$ Predictive mamntenance &
\ sustainable control

g e Sy
i - .
( Increase lifetime &
~ - decrease cost

Reliable multi MWatt wind turbine =
with larger rotor & lighter structures




v Model-based & data-driven FDI & FTC are
proposedas mew appreachessfor ‘sustaipable’a a b
(high degree of reliability & availability) wind turbine
control

vV Manage disturbances (ldads,storms, ... 58 faultsm

v NOTE: FTC was developed as aerospace topic, focused
mainly on NASA projects, mofivated by advanced aircraft
that could be reconfigured by control through a high degree
of fliight surface redundancy
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v A 5 MW wind turbine stopped will lose 24 MWh per
day in production if 40% wind capacity is assumed

A Combine this with difficult FC" P — (153%':)} g
accessibility at an offshore wind |

farm, it might take days before a
fault is cleared

A Advanced FDI & FTC included in
the control system could provide
information on the fault, thus
allowing for correct & faster

repair if required, and/or continued

Unplanned
maintenance

Planned
maintenance

20%

energy generation eventually at lower level until
maintenance service -> sustainability



FDRI/FTFC
Fundamentals




Fault
A

Abrupt
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" Inciplent
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Time |

v Altruptifpalty @.¢t taibutes ur e s

v Incipientofaakt: vle.thaadrtoddetécty slodly t e
developingo pi n g

v Infermittent fatilt: e.g. discennections
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Fault éexampleac a mp |
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System Requirementsi r e
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v Safeguard w.r.t. all the different types of loads that
inflict a wind turbine & regulate accordingly

i. Loads from the environment (e.g. storms, waves, wind
shear and wakes),

ii. Loads from the wind turbine itself (e.g. blades
aerodynamic imbalances, yaw misalignments),

iii. Loads from the system (start/stop & turbine failures)
v Analyse system performance to avoid instabilities

v Balancing efficient production with lifetime
considerations (‘health aware controli)a r e

vV Ensure redundant system capabilities to allow
production until service & maintenance (O&M)
are possible -> sustainabili
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Wind Turbine Mamtenarce a
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v Higlgdegre® efgeliability & availalsility (sustainability) is &
required; at thelsames éxpensive & safety eriticak x p e n
maintenancemork camocogwrr Kk can occur

v Site taccessiliilitye syssem Bviailability pot adwiayls ensured, i t
seveveaweatherwanditions e+sea mstallationsd) | a h B o n s

vV FTC@& FI3 reseBrthesrame stienalated in this application arda i
since important aspects foraerieasing veinde ipsgyvéost ié
increasingakedtrical gried penetration c al gr i d p

v FTIC@an erthancesspecifie contrel actignete prelventplant o n
damage gnd ensure gystenm availabitity deiring nhaunctionss a

v Maintenaneercasits { ORM)\8)off-limecan be significastly g n
redutedc e d
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Windl Turbnee Bendihmaarks

vV Provide generic platforms (freely available)
for designing & testing different FDI/FTC
solutions

v Apply & compare their methods on wind
turbine realistic installations

v If the model is generic, it can be provided to
the public (e.g. researchers)

v Solutions can finally be verified on accurate
wind turbine models (confidential)
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vV Fault diggnosis & fguit-botefast comtnol scliemé t
designs g N s

vV Design ptoceduper oced ur e
A Moddlimg | | ng

v Desailberthie coasidéredgysteno n s 1 der e d
A Faultiandlysisa nal ysi s

vV ldentfynfaultsftope Hardléed t s t o be ha
A Detecteisolate (& estinafe fadlte) ( & est i mat
A Faultstbleranécordrolt cont r ol

vV Based erdsigmahcoredatiann al corr ect |

v Based erdscheduling &récenfigurhtiomofthe& e
controlter ol | er
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NREL Design(Codes
National Renewlable EErergy Labolatory Ener gy Lab
V Btxp:0¢ Avind \hbel.goviidesiyncddess . cdr hf mb

V O n 6 e t m m d e lNWTC:eslgn Codes (Simulators) - Microsoft Internet Explorer

Fie Edt Vew Favoeites Took Hep

A, F A S T Qus - © W @ @ POseven oracrm: @rca @ -5 B -
i &) bty /fwind real.gov designcodes simulatrsf v B)eo

Taeroel astici

A T u r b S I m Contents Simulation Software
|. t ur b lIJ In é lh D w “1—"—“"" S ADAMS2AD (v12.17, 30-September-2004)
e XX

ADAMS2AD Is a set of routines used to Interface MSC ADAMS® and Acrolvn.
Ve 7
AOt héres ¢
ADAMS ( MSC]

VFreaval | a __*

vVUs eh:leavunlnydUat:ayJ e&mtaher
gover nmermsteamlr glani zati ons

VI mporftoarntcoyd tdeers | g n

NWTC Design Codes

AeroDyn (v12.57, 29-September-2004)
AeroDyn is an aerodynamics software library for use by designers of
horizontal-axis wind turbines. It is written to be interfaced with structural-
dynamics simulators ( MSC ADAMS®, FAST/, YawDvn/, and SymDyn/)

FAST (v5.10, 30-September-2004, using AeroDyn v12.57)

FAST Is a medium-complexity code for aeroelasitc an aI sis of horizontal-axis
wind turbines. It can also be used to generate M3 .'A."-':' S® models.
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Design Codes Exampies| ¢

Applied
Loads
Control System
, Aero- Rotor Drivetrain Power
Wind-Inflow ; . : :
dynamics Dynamics Dynamics Generation
BN X
N Nacelle Dynamics
Tower Dynamics
NAVER:c Hydros Substructure Dynamics
Currents dynamics
Soil Sell-aimef. Foundation Dynamics A
Interaction o

Coupled Aero-Hydro-Servo-Elastic Simulation
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Wit Turbm € dopspenents

Schematic overview of wind
turbine components.

Wind
direction

~

Yaw motor |
/ | High-s&ed shaft ' m
Tower
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—» Wind model ) Aerodynamics w () Drive train w (1) ) Generator

W Stochastic wisdtmiodel includingitower shiadow & wimdc |
shear a r
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