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Abstract- The rapid development of modern wind turbine tedtgy has led to increase demand for improving syste
reliability and practical concern for robust famionitoring scheme. This paper presents the inwvat#tig of a 5SMW Dynamic
Wind Turbine Energy System that was designed tdasusondition monitoring and fault diagnosis witie goal of
improving the reliability operations of universatptical control systems. A hybrid stochastic tégha is proposed based
on an augmented observer combined with eigensteietssignment for the parameterisation and thetigesigorithm (GA)
optimisation to address the attenuation of unaatainostly generated by disturbances. Scenariosebase employed to
explore sensor and actuator faults that have dimedtindirect impacts on modern wind turbine systeased on monitoring
components that are prone to malfunction. The aislg aimed to determine the effect of concernenllated faults from
uncertainty in respect to environmental disturbano®stly challenged in real-world operations. Tliciency of the
proposed approach will improve the reliability meriance of wind turbine system states and diagonosertain faults
simultaneously. The simulation outcomes illustritte robustness of the dynamic turbine systems witHiagnostic
performance to advance the practical solutionénfiproving reliable systems.
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1. INTRODUCTION

The increasing advancement in modern wind powdrm@ogies as alternative source of power formation
expands the concerns of component maintenanceairepdtraults diagnosis is significant for relialslentinuous
operations and maintenance of turbines chiefly lom temote access [1]. The unexpected changes in the
monitored-system parameters could degrade the rpaafice efficiency or decrease the availability wbines
that could increase the unhealthy system stateehlyecausing unplanned downtime period [2] or cause
intermittent interruption during normal operatiohsodern industrial wind turbine (WT) systems aredrming
sophisticated and complexity in nature due to iaseel automation processes and technological advemts.
Healthy condition monitoring and fault diagnosie aif great importance to WT operative systems lief to
sustain faults prediction maintenance. Furthermtire,idea of fault diagnosis is to detect and deiee faults
location as well as the extent in the systems. Hewethe faults estimation or reconstruction extexig
provides advanced information about faults thabiifies the intensity of the behavior. The turbirfaslts can
occur in various components, like the sensors twadars parts of monitored parameters subject tonab
operations. Early detection of unexpected changaa the standard working operations could savetuhgne
from unforeseen hazards thus improving the perfan@d3] and [4] is significant to the system. Thetaonable
information from condition monitoring can allow pentive maintenance to spontaneously help in tediption
of machine faults occurrence for the satisfactegponse.

Therefore, an immense demand exists to improvenentiondition monitoring to allow prompt fault
diagnosis, increase systems reliability and sabgtgration, reduce unscheduled downtime and maintenar
repair costs as well as to increase the systentadildy. Robust fault diagnosis has been a critmancern in
fault community over the last few decades. Howewsrstem uncertainty is practically inevitable and
continuously increases the chances of false alacoarring. Based on this concern, there should baigue
approach, in distinguishing between faults andudistnces ascertain on a robust modelling solubamprove
overall systems performance. The need to chall¢ingesystem robustness is to design an advancedtioond
monitoring and fault diagnosis to certainly monitbe behaviour of WT in the presence of disturbandée
practical applicability of fault diagnosis is quithallenging due to the presence of inevitable remmental
disturbances and noises that activate the contueguest to attenuate the systems effects. Sognédkas
suggest to completely get rid of uncertainty e8ddte disturbances on the fault indicator i.esidaals and
several methods were also, proposed to challenigeptioblem [4]. Furthermore, as pointed out in work
regarding robust fault diagnosis suggestions wadena partially decouple uncertainty with the gofateducing
operations/maintenance costs and practically tadmgthe robustness of the observed systems.

It is vital to recognise that uncertainty could dete the diagnostic performance of an ordinarytfaul
diagnosis. The expense of wind turbine diagnosessrapairs costs can be lessened by emerging rddulst
diagnosis systems [S5p improve systems. Observation is crucial in thedel-based robust fault diagnosis
approach, involving system input and output infdaiiora to monitor the relationship between the estada
output signal and the real output system, themtdyae the outcomes. Hence, the purpose of the tuitnihe
robust fault monitoring yields an event of unexpecabnormality changes from the normal state adidces the
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