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üMotivations

×Enhancing reliability & efficiency of offshore 

wind turbines

üFDI/FTC general structures

üFault models

üWind turbine modelling issues

üBenchmarks

üConcluding remarks, references, open issues

DiscussionTopics
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SustainableControl: Problem
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Sustainable Control: Solutions
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VModel-based & data-driven FDI & FTC are 

proposed as new approaches for ósustainableô 

(high degree of reliability & availability) wind turbine 

control

VManage disturbances (loads, storms, é) & faults 

V NOTE: FTC was developed as aerospace topic, focused 

mainly on NASA projects, motivated by advanced aircraft 

that could be reconfigured by control through a high degree 

of flight surface redundancy
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Motivations
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Exampleé
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VA 5 MW wind turbine stopped will lose 24 MWh per 

day in production if 40% wind capacity is assumed

ÁCombine this with difficult 

accessibility at an offshore wind 

farm, it might take days before a 

fault is cleared 

ÁAdvanced FDI & FTC included in 

the control system could provide 

information on the fault, thus

allowing for correct & faster

repair if required, and/or continued 

energy generation eventually at lower level until 

maintenance service -> sustainability

Cost of energy (15-35%)



9

FDI/FTC
Fundamentals
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Fault

Time

Abrupt

Incipient

Intermittent

VAbruptfault: e.g.failures 

VIncipientfault: i.e.hard to detect, slowly 

developing

VIntermittentfault: e.g.disconnections
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Fault exampleé
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System Requirements
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VSafeguard 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)

VAnalyse system performance to avoid instabilities

VBalancing efficient production with lifetime 

considerations (óhealth aware controlô) 

VEnsure redundant system capabilities to allow 

production until service & maintenance (O&M) 

are possible -> sustainability
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WindTurbine Maintenance



15

VHigh degree of reliability & availability (sustainability) is 

required; at the same, expensive & safety critical 

maintenance work can occur

VSite accessibility, system availability not always ensured, 

severe weather conditions(+ seainstallations)

VFTC & FDI researches are stimulated in this application area 

since important aspects for decreasing wind energy cost & 

increasing electrical grid penetration 

VFTC can enhance specific control actions to prevent plant 

damage and ensure system availability during malfunctions

VMaintenance costs (O&M) & off-time can be significantly 

reduced
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VProvide generic platforms (freely available) 

for designing & testing different FDI/FTC 

solutions

VApply & compare their methods on wind 

turbine realistic installations 

VIf the model is generic, it can be provided to 

the public (e.g. researchers)

VSolutions can finally be verified on accurate 

wind turbine models (confidential)

Wind Turbine  Benchmark s
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Competition Challenges
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VFault diagnosis & fault-tolerant control scheme 

designs

VDesign procedure

ÁModelling

VDescribe the considered system

ÁFault analysis

VIdentify faults to be handled

ÁDetect, isolate (& estimate faults)

ÁFault-tolerant control

VBased on signal correction

VBased on scheduling & reconfiguration of the 

controller
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Modelling Topics
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NREL Design Codes

Vgsso9..vhmc-mqdk-fnu.cdrhfmbncdr

VOneset of models
ÁFAST

ïaeroelasticity

ÁTurbSim
ïturbulentinflow

ÁOthersé e.g.
ADAMS (MSC)

VFreelyavailable

VUsedheavilyin industry, academia& other
governmentalresearchorganizations

VImportantfor control systemdesign

National Renewable Energy Laboratory
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Design CodesExamples

Coupled Aero-Hydro-Servo-Elastic Simulation
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Wind Turbine Components
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üStochastic wind model including tower shadow & wind 

shear

üActuator models

üZero-mean Gaussian distributed measurement noise
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Measurement Sensors


