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AWl | LFETIME MANAGEMENT: SHM IS RELEVANT

Insight in IEC-TS-61400-28 ,Through Life Management and Life Extension of Wind Farms”

- Guideline applicable in every phase of the lifecycle of a wind turbine:

New Operation Continuous End of Continuous
WITG Start Check/Acquired Design Life Check/Potential
Pre-owned WTG 2nd Extension
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_—— | BY APPLYING IEC 61400-28 WIND TURBINES CAN BE OPERATED
Worel | OPTIMALLY

Application of technical
specification

b
»

Level of confidence

Asset at starting point Asset after process

Figure 1: An illustration of how the level of confidence can be improved by applying
this technical specification (for instance, relating to the estimated remaining useful
life)

The current and future level of knowledge of a WTG determines its total lifetime.
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~ortel | MONITORING OF PRIMARY LOAD PATH WILL BE CRUCIAL

SHM  |qde

DLM rotor blade bolt

SHM = Lifetime of the structural components

main frame

tower

tower bolts

IEC61400-28: Basis is the evaluation and
assurance of the structural integrity of all
components in the "primary load path”.

A general perspective on SHM:

SHM
foundation

« Lifetime extension 20+ (beyond design life)

* Reliable ice detection to protect
equipment and environment

« Early detection of fatal structural damage

« Safe continued operation (after damages
occurred)

» Rotor imbalance detection and correction
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e | STRUCTURAL HEALTH MONITORING SYSTEMS (SHMS) WILL REDUCE
Woliel | | EVELIZED COST OF ENERGY (LCOE)

REDUCTION OF YOUR LEVELIZED COST OF ENERGY (LCOE) DUE TO SHMS

By moving the black dots you can calculate the reduction of your individual Levelized Cost of Energy (LCOE)
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www.woelfel.de/en/wind-energy/shm.html
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ortel | VIBRATION-BASED SYSTEMS FOR ICE & DAMAGE

lllustrative field experiences with ice accretion and structural damages

- Monitoring of rotor blade vibrations gives us the full picture!

Source: Wind Energy Journal 2019, Wei et al., A review on ice Source: https://www.windpowerengineering.com/wp- Source: https://nawindpower.com/wp-content/
detection technology [...] for wind turbines, DOI: 10.1002/we.2427 content/uploads/2011/07 /Ice-on-Turbine-Blades.jpg uploads/2016/01/12970_the_elgin_review_1.jpg
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~Wortel | VIBRATION-BASED SYSTEMS FOR ICE & DAMAGE

Safe & sound ice detection involves ...

 reliable sensors
« advanced algorithms

* dynamics expertise

Reliability is reached by ...

* robust & mature technology

* Holistic state monitoring

« Sensors in a safe environment

* Expected lifetime 20+
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~Weltel | VIBRATION-BASED SYSTEMS FOR ICE & DAMAGE

Vibration-based detection is not limited to ice...

... compensation of imbalances & early damage detection.
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~“Waliel | HIGH PREDICTION ACCURACY THROUGH Al MODEL

Ice accretion & structural damages affect the blade properties
« Continuous learning from past events
« Continuous learning of new behaviour

* Independency from the wind turbine type

« Generate value from fleet monitoring
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~Welel | HIGH PREDICTION ACCURACY THROUGH Al MODEL

Clustering the rotor blade model using artificial intelligence (Al

—> Adaptive & automated model referencing

A

Uncertainty
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Aweirel | MINIMUM RISK AND INCREASED YIELD

Keys to safe and economical ice detection

« Structural Health Monitoring Systems will
reduce LCOE

» Customized model reference for each
wind turbine for increased accuracy

« Sophisticated algorithms to generate
more value beyond ice

- Tackle the ice throw risks and maximize the
energy yield in safe operation by automatic
restart
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