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Objective & Background

Objective

The aim of the project is to developpracticalmaintenance
optimizationmodelsfor o�shore wind power systems.

To providethe maintenancemanagerwith tools to optimize
maintenancedecisions.

Focuson quantitativeoptimization:Determinethe optimal
time to perform maintenancetasks.
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Objective & Background

Background

Why o�shore?

I High maintenancecosts(Transportation, expensivevessels
requiredfor large parts)

I Higherdowntime (Accessibility and weatherconstraints))
High correctivemaintenancecostsdue to production losses

Maintenancecostscontribute to 25-30%to the kWh price while
onshore it contributesto 10-15%.
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Maintenance concepts

Maintenanceconcepts
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� Predetermined Maintenance :
Strategyfor ageingcomponents
with CorrectiveMaintenancecost
> PreventiveMaintenancecost

� Condition Based
Maintenance : Conditionof the
component can be measured
(online monitoring or inspection).
In generalfor expensive
components.

6/15



Intro duction State-of-the-art Ongoing work Conclusion

Maintenance today - Opportunities

Maintenancetoday - Opportunities
� Vibration condition basedmaintenancefor the drive train
(interpretation by vibration experts)

� CorrectiveMaintenancefor the small parts (e.g. hydraulic
systems,cooling system)

� Routinemaintenance(e.g. safety inspection, lubrication, oil
sampling,retighteningbolts...)
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Maintenancetoday - Opportunities
� Vibration condition basedmaintenancefor the drive train
(interpretation by vibration experts)

� CorrectiveMaintenancefor the small parts (e.g. hydraulic
systems,cooling system)

� Routinemaintenance(e.g. safety inspection, lubrication, oil
sampling,retighteningbolts...)

Opportunities for reducing maintenance costs:
I Optimizedcondition basedmaintenancedecisionsusing

vibration monitoring
I Preventiveage-basedreplacementof the ageingsmall

components
I Opportunistic maintenance(wind forecasts)

Fran�cois Besnard

Maintenance optimization of O�sho re Wind Power Systems,Vindforsk Conference14 May 2008

7/15



Intro duction State-of-the-art Ongoing work Conclusion

Optimizing condition basedmaintenance

OptimizingConditionBasedMaintenanceDecisions

Failure prognosis,i.e. estimatetime to failure, is necessary for
optimizing vibration basedmaintenancedecisions.
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Optimizing condition basedmaintenance

OptimizingConditionBasedMaintenanceDecisions

Failure prognosis,i.e. estimatetime to failure, is necessary for
optimizing vibration basedmaintenancedecisions.

Prognosismodel for optimization: Proportional Hazards Model
(PHM). Requires:

I Relevantvibration parametersfor eachfailure mode -
Vibration experts, manufacturers?

I Needfailure data for eachfailure mode - Manufacturers?
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Optimizing condition basedmaintenance

OptimizingConditionBasedMaintenanceDecisions

Failure prognosis,i.e. estimatetime to failure, is necessary for
optimizing vibration basedmaintenancedecisions.

Prognosismodel for optimization: Proportional Hazards Model
(PHM). Requires:

I Relevantvibration parametersfor eachfailure mode -
Vibration experts, manufacturers?

I Needfailure data for eachfailure mode - Manufacturers?

Conclusion: Needknowledgeand data from the manufacturersto
be achievable.
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Preventive replacement for small parts

Preventiveage-basedreplacementfor smallparts

Failure and maintenancedata are necessary to build reliability
model and optimize the maintenanceof components.

Failure and maintenancedata havebeenneglectedin the past:
I Yearly averagefailure rate per type of component
I No failure and maintenancehistory of individualcomponents
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Preventive replacement for small parts

Preventiveage-basedreplacementfor smallparts

Failure and maintenancedata are necessary to build reliability
model and optimize the maintenanceof components.

Failure and maintenancedata havebeenneglectedin the past:
I Yearly averagefailure rate per type of component
I No failure and maintenancehistory of individualcomponents

Conclusion:
I No data-drivenpreventivereplacementoptimization model
I Alternatives: Expert estimation(e.g. manufacturer)or use

failure data from similar application
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Opportunistic maintenance optimization

Opportunistic maintenanceoptimization

The objectiveis to perform PM tasks, includingnowadays routine
maintenance,at the lowest cost possible.
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Opportunistic maintenance optimization

Opportunistic maintenanceoptimization

The objectiveis to perform PM tasks, includingnowadays routine
maintenance,at the lowest cost possible.

Opportunistic time ariseswhen:
I Correctivemaintenanceis requiredin a wind turbine
I Low wind speedis forecast

By usingtheseopportunities in the right way, the transportation
costsand electricity lossesfor maintenancecan be reduced.
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Opportunistic maintenance optimization

Opportunistic maintenanceoptimization

The objectiveis to perform PM tasks, includingnowadays routine
maintenance,at the lowest cost possible.

Opportunistic time ariseswhen:
I Correctivemaintenanceis requiredin a wind turbine
I Low wind speedis forecast

By usingtheseopportunities in the right way, the transportation
costsand electricity lossesfor maintenancecan be reduced.

The model is achievablewith todays data.

Fran�cois Besnard

Maintenance optimization of O�sho re Wind Power Systems,Vindforsk Conference14 May 2008

10/15



Intro duction State-of-the-art Ongoing work Conclusion

About the model

About the model

The model is a mixed integer linear programmingmodel.
I 2 monthsrolling horizon (i.e. daily schedulingoptimization)
I Assumespower production forecastsup till 10 days and

monthly power production distribution
I Assumesknown estimatesof time to perform correctiveand

preventivemaintenance
I Canbe usedtoday to optimizetime to do routine maintenance
I Canbe usedto implementpreventivereplacementof ageing

small componentsdeterminedlater
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About the model

About the model

The model is a mixed integer linear programmingmodel.
I 2 monthsrolling horizon (i.e. daily schedulingoptimization)
I Assumespower production forecastsup till 10 days and

monthly power production distribution
I Assumesknown estimatesof time to perform correctiveand

preventivemaintenance
I Canbe usedtoday to optimizetime to do routine maintenance
I Canbe usedto implementpreventivereplacementof ageing

small componentsdeterminedlater

The model providesthe maintenancemanagerwith the optimal
maintenance schedule for the day and expectedschedulefor the
next few days.
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Conclusions

Opportunities for decreasingmaintenancecostsby optimizing
maintenancedecisionshavebeenidenti�ed with their di�culties.

I PreventiveReplacementof the ageingsmall components
I OptimizedConditionBasedMaintenancedecisionsfor the

large components
I Opportunistic maintenance

An optimization model hasbeendeveloped to take advantageof
correctivemaintenanceand expectedlow power production in
order to perform preventivemaintenanceat low costs.
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Future work
Short term:

I Improvementof the opportunistic maintenancemodel (more
realistic,decreasedcomputationaltime)

I Casestudy at Lillgrund in collaboration with Vattenfall
I Article

Longterm:
I PreventiveReplacementof the ageingsmall componentsusing

expert knowledgeand failure data for componentsin similar
application

I Implementationof PreventiveReplacementin the
opportunistic maintenancemodel
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Thankyou for your attention!

Questions?
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Contact info

Fran�coisBesnard

� Teknikringen33, 10044 Stockholm
� +46 8 7906256
� Francois.besnard@ee.kth.se

� http://www.etk.ee.kth.se/personal/fbesnard/
� http://www.ee.kth.se/rcam/
� http://www.comp.ee.kth.se/
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