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Introduction (1)

• Offshore: High O&M costs 
(25-30% kWh price)

• Optimisation in all areas                  
required:

• Better accessibility
• Dedicated vessels
• Reliability increase
• Shift to condition                              

based maintenance

Source: http://www.lifetime-reliability.com
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Introduction (2)

• Inspections
• Vibration measurements
• Gearbox oil particle counting
• Load monitoring

• Reliable and robust load measurements
� Fibre Optic Blade Monitoring

• Cost efficient method for monitoring loads 
at ALL turbines

� Flight Leader Concept for Wind Farm   
Load Counting

The ‘condition’ or expected time to failure can be derived from 
different sources of operational data:

Source: http://www.ecotricity.co.uk
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FOBM: Background (1) 

• Classical copper strain gauges
• Cheap but major disadvantages 

for long-term offshore application
• Fibre optic sensing

• Still expensive but potentially 
advantageous

Wavelength division multiplexing (WDM)

Time division multiplexing (TDM)
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FOBM: Background (2) 

• Components are commercially available
• ECN’s experience: Disappointing results

• Different problems related to the sensors, interrogator and 
software

• Approach needed for complete measurement chain!
• Project goals:

• Selection of reliable interrogator which meets requirements 
for in house developments and on site testing

• Development of user friendly sensor assembly, suitable for 
on site installation

• Development of user friendly data processing and interface
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FOBM: Test of interrogator (1) 

• Interface between optical sensor 
and measurement system

• Properties have major influence on 
measurement quality

1. Desk study
2. Laboratory tests

• Accuracy / resolution / long 
term stability

• Thermal sensitivity
• Acceleration / environmental 

conditions
• Stability during operation / 

polarization effects
• Reliability / robustness
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FOBM: Test of interrogator (2) 

• Selection of three interrogators
• Laboratory tests gave interesting results

• One interrogator failed several times � poor 
measurement results

• Two interrogators were very sensitive for 
polarisation � measurement fault

• One interrogator was found to be sensitive to 
environmental temperature

Based on the extensive testing one interrogator was 
selected for executing further experiments!
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FOBM: Sensor development (1) 

Experience:
• Complicated installation

• Skilled personnel / not certified
• Special tools

• Time consuming
• Gluing process
• Curing time and fixation

• Result
• Not robust
• Prone to damage

• Inaccuracies
• Strain
• Temperature
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FOBM: Sensor development (2) 

Requirements:
• Lifetime > 20 years
• Easy installation
• No drift 
• Temperature compensation
• No (re-)calibration
• Easy to replace
• Robust

These requirements are met by the ECN developed sensor!
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FOBM: Software development (1) 

• Purpose
• Fully automatic 
• Very limited data to be stored
• Robust to measurement faults
• Applicable for various platforms
• Applicable for various turbines
• Auto-reporting / warning
• Friendly user inter-face

Detailed specifications drafted � implementation in progress
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Introduction (3)

• Inspections
• Vibration measurements
• Gearbox oil particle counting
• Load monitoring

• Reliable and robust load measurements
� Fibre Optic Blade Monitoring

• Cost efficient method for monitoring loads 
at ALL turbines

� Flight Leader Concept for Wind Farm   
Load Counting

The ‘condition’ or expected time to failure can be derived from 
different sources of operational data:
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Flight Leader concept (1)

Keep track of the (relative) accumulated loading at all 
turbines in an (offshore) wind farm

Possibilities:
• Equip all turbines with mechanical load measurements

• Expensive, time consuming and labour intensive

• Flight Leader concept
• Less expensive, less time consuming and less labour 

intensive!
• BUT: Concept needs to be proven
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Flight Leader concept (2)

• Only few turbines at strategic locations equipped with 
mechanical load measurements

• Relations between load indicators and SCADA parameters
• Combining relations with SCADA data collected at all 

turbines
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Flight Leader software (1)

Software model has been developed in MATLAB®

• Data analysis program
• Includes all aspects of the Flight Leader concept
• Intended for offshore wind farm owners/operators
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Evaluation (1)

• Proving the Flight Leader concept
• It is possible to establish accurate relations between SCADA 

parameters and load indicators
• It is possible to transpose the relations determined at the Flight 

Leader turbines on the other turbines in the farm

• Extensive evaluation using data from ECN’s wind farm EWTW
• 5 multi-MW pitch-controlled variable speed turbines
• 24 months of data
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Evaluation (2)

• Load indicator: 
• 1 Hz equivalent load 

– Tower bottom for-aft bending
– Blade root flapwise bending
– Main shaft bending
– High speed shaft torque

• SCADA parameters:  
• 10-minute statistics (avg, std, skew, kurt)

– Power output
– Generator speed
– Pitch angle (only avg & std)
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Evaluation (3)

• Relation:
• Tower for-aft bending
• Power production & free-stream

• Artificial neural network

• Target: measured value
• Output: model prediction

• Data:
• Training: T6 (blue)

• Validation: T8 (red)

• Results:
• Accurate

• Generalisable!
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Evaluation (4)

• Next:
1. Estimate load indicators all 

five turbines
2. Calculate and compare load 

accumulation

• Results:
• Turbine 3 has accumulated 

most loading
• No large (>> 10%) 

differences observed
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Evaluation (5)

• Breakdown of load accumulation
• Large contribution from 

emergency shutdowns
• Partial wake operation leads to 

significantly higher load 
accumulation

• During winter significantly more 
load accumulation occurs
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Evaluation (6)

• For power production 
accuracy encouraging

• Largest prediction 
error for parked/idling

• Most larger prediction 
errors only marginally 
contribute to total load 
accumulation

Load cases:
1.1 Power production & free-stream

1.2 Power production & partial wake

1.3 Power production & full wake

2.1 Parked/idling

3.1 Start-up
4.1 Normal shutdown

5.1 Emergency shutdown
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Conclusions

• O&M optimisation is necessary for lowering the kWh price of 
offshore wind energy

• Load monitoring could contribute to optimisation
· BUT: Reliable load measurements are required

· BUT: A cheap solution is needed for monitoring the complete farm

• Fibre optic blade monitoring could prove reliable option
· BUT: Approach is needed where the whole measurement chain is considered

· A sensor assembly has been developed which meets the requirements

· User friendly data analysis software is under development

• Flight Leader concept could prove a low-cost solution for 
monitoring the load accumulation at all turbines

· BUT: Concept needs to be proven…

· Results from onshore evaluation are encouraging
· Flight Leader concept also valid for large offshore wind farms
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Future developments

• Fibre Optic Blade Monitoring
• Prototype testing in full scale wind turbine
• Product commercialisation
• Interrogator manufacturers need to improve products!

• Flight Leader Concept for Wind Farm Load Counting
• Online implementation offshore wind farm
• Automated SCADA parameter selection
• Selection of relevant load indicators


