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• Review and harmonize failure data from manufacturers
and suppliers 

• Harmonize equipment failure rates and failure modes;
• Develop reliability models for Reliability analyses at 

system, subsystem and components level; 
• Perform a Failure Modes, Effects Analysis in order to

identify, evaluate and document component failures 
modes

and potential impact on the system and finally to eliminate
or mitigate unacceptable effects; 

• Identify, design and develop possible fault tolerance
mechanisms, such as redundancy or back-up systems to
ensure that failure propagation is contained at component
level with no impact on the operational turbine availability; 

• Provide reliability and maintainability metrics for 
maintenance optimization.

Design for reliability - a FMEA study

Specific objectives of the Study
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• Define System Hierarchy and Parts for each Assembly
• Create a Reliability Model at System, Subsystem and 

Component level
• Perform a System Reliability Prediction
• Perform a System Availability Analysis using Functional and 

Reliability Block Diagrams
• Perform a FMECA (Failure Mode Effects and Criticality 

Analysis)
• Report the overall Wind Turbine Reliability Characteristics in 

a harmonised form
• Propose new system Design Guidelines and 

recommendations to improve the overall reliability and 
availability

Design for reliability - a FMEA study

The Design for Reliability Approach
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Design for reliability - a FMEA study

General Structure for a 2MW Wind Turbine
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WTG Sub-System Reliability Model integration
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Name

Failure 

Rate % Availability%

Wind Turbine Generator 100 93,96

Rotor Module 26,51 95,31

Power Module 15,25 99,29

Nacelle Module 9,24 99,92

Control & Communication System 4,36 99,94

Structural Module 3,85 99,72

Drive Train Module 3,45 99,90

Wind Farm System 1,66 99,9964

Condition Monitoring System 0,23 99,9996

All auxiliary Equipments 35,44 99,74

Design for reliability - a FMEA study

Predicted failure rates and availabilities for the R80 system



EC Contract number 212 966 - FP7-ENERGY-2007-1-RTD

Design for reliability - a FMEA study

Top Failure Rates for the WTG and main subsystems
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Reliability Block Diagram
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• Complete definition of WTG System at all indenture level 
including identification of internal and external interface 
functions, expected performance and failure definitions.

• Construct Functional Block Diagrams.
• Associate each function to components.
• Identify all potential item and interface failure modes 

including their effects.
• Evaluate each failure mode in terms of local, next and end 

effects with associated Severity Classification.
• Identify corrective action required to eliminate the failure or 

reduce the risk.
• Identify failure detection methods and possible 

compensating provisions for each failure mode.

Design for reliability - a FMEA study

FMECA Procedure
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Design for reliability - a FMEA study
Failure Modes Severity Classification
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WTG FMECA Worksheet
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Design for reliability - a FMEA study
FMECA Results - WTG Criticality Matrix
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Design for reliability - a FMEA study
FMECA Results - WTG Criticality Matrix cnt.

• There are two Extremely Unlikely Catastrophic Failures Modes (Level E)
which are due to a failure of the Nacelle Body Structure causing the Yaw
brake to be unsupported and the Rear Bearing to be locked in the Hub;

• Within the Critical Failure Modes, the 14 Occasional Occurring (Level C)
failures are associated with 13 failures that can induce the WTG to stop
working and one failure that can have a possible adverse effect on safety
and possible WTG collapse due to a loss of over-speed protection. The

Critical Reasonably Probable (Level B) failure Mode is associated with a
complete failure of the Converter, ie Converter inoperable.

• The remaining Marginal (27) and Minor (10) failure modes are mainly in
the Low and Medium Risk areas being characterized by very low severity
and probability of occurrence


