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üGeneral considerations 

üAdvanced control (ósustainableô) - 

motivations 

üFDI/FTC general structures 

üFault models 

üWind turbine modelling issues 

üBenchmarks 

üConcluding remarks 

Discussion Topics  
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The Story Begins  (1)  
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The Story Begins  (2)  
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Energy & Control Issues  
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VControl systems have high influence on the total 

cost of energy 

VFocus on óadvancedô control solutions 

ÁCondition monitoring 

ÁFault diagnosis & fault tolerant control 

VThe design is enhanced by the development of 

high-fidelity benchmark models  prototypes 

ÁModelling issues 

VSolutions characterised by quality, reliability & 

proven technology 
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óAdvancedô Control 
Solutions  

 
ñSustainable ò 
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Sustainable  Control (1)  
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Sustainable  Control (2)  
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Safety -Critical Systems  
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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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VHarsh environment asks for the system to be 

well protected  

üOffshore wind turbines are stand-alone 

power plants in inadequate service & 

maintenance attendance (O&M) 

VSafety-related control systems to help avert 

major incidents resulting from lightning, 

storms, gusts, other periodic incidents & faults 

that affect the electricity production  

Motivations  (contôd) 
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Example é 
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VA 5 MW wind turbine stopped will loose 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%) 
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FDI/FTC  
Fundamentals  



17 

V PFTC: Robust fixed structure controller 

ÁNo fault information provided  

V AFTC: Controller reconfiguration, fault compensation 

ÁFault reconstruction (real time) 
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General Fault 
Modes  
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Fault

Time

Abrupt

Incipient

Intermittent

VAbrupt fault: e.g. failures  

VIncipient fault: i.e. hard to detect, slowly 

developing 

VIntermittent fault: 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  

VEnsure redundant system capabilities to allow 

production until service & maintenance (O&M) 

are possible 
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Wind Turbine  Maintenance  
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V High degree of reliability & availability (sustainability) is 

required; at the same, expensive & safety critical 

maintenance work can occur 

V Site accessibility, system availability not always ensured, 

severe weather conditions (+ sea installations) 

V FTC & FDI researches are stimulated in this application area 

since important aspects for decreasing wind energy cost & 

increasing electrical grid penetration  

V FTC can enhance specific control actions to prevent plant 

damage and ensure system availability during malfunctions 

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

reduced 
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International Challenge  
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Vkk-electronic (Denmark) together with MathWorks 

launched a number of benchmark models for fault 

detection & accommodation, which allows turbine 

owners & researchers to find the best schemes to 

handle different faults 

VBased on these models, a series of competitions & 

challenges were launched (2009 ï 2015) 

ÁSimple Wind Turbine FDI/FTC benchmark model 

ÁAdvanced WT FDI / FTC benchmark model 

ÁWind farm FDI/FTC benchmark model 

 


