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Content

• Motivation
• Scope
• Participants
• Task 46 coordination
• Timeline
• Scientific work and results

Source: Weather Guard
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Elevator pitch

• Eroded blades need repair
• Eroded blades cause AEP loss
• Tip speed and rain climates are drivers

Which questions does the Task seek to answer?
• Understanding materials, aerodynamics and meteorology based on 

meteorological measurements, testing in material labs, rain erosion 
testing, wind tunnels, turbine blade data, and modelling.
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Energy Crisis

Erosion of blades affects wind farm project profitability:
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Leading-edge erosion collaboration, brief history

• DTU started research 10 years ago

• Some European offshore wind farms had to do major repairs after few years
in operation

• Blade erosion involves several scientific disciplines (cross-cutting)

• DTU held the 1st International Symposium on Blade Erosion in 2020

• IEA Wind Topical Expert Meeting (TEM) on erosion was held at DTU the day
after the 2nd Symposium in 2021

• IEA Task 46 Phase 1 started in March 2022
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7th International Symposium on Blade Erosion, DTU, 3-5 February 2026
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Purpose of Task 46 Phase 2

• The purpose of the IEA Wind Task 46 Phase 2 is to further improve 
understanding of the erosion driving factors, develop datasets and model 
tools to enhance prediction of leading-edge erosion likelihood, identify 
damage at the earliest possible stage and advance potential solutions. 

• Results from Phase 1 and Phase 2: https://iea-wind.org/task46/

https://iea-wind.org/task46/
https://iea-wind.org/task46/
https://iea-wind.org/task46/
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Task Scope Alignment with Research Priorities by IEA Wind TCP
• Resource and site characterization: Improving the practices in resource 

characterization regarding susceptibility to erosion at wind farm sites.

• Advanced technology: erosion damage models, material properties, 
characterization of erosion resistance; characterization and improvement of 
wind turbine operation with erosion.



9

Participants

The work plan is delivered by 
44 organizations from 12 
countries:

• 1 certification body
• 5 wind farm owners
• 2 consultancy
• 5 wind turbine manufacturers
• 8 coating manufacturers
• 22 academic/R&D 

organizations

Country Contracting  Party Participant Organization

Belgium Belgian Ministry of Economy Engie 

Canada Natural Resources Canada WEICan

Denmark Danish Energy Agency DTU , Hempel, Ørsted, PowerCurve, 
Siemens Gamesa Renewable Energy

Finland Business Finland VTT

Germany Federal Ministry for Economic 
Affairs and Energy

Fraunhofer IWES , Emil Frei (Freilacke), 
Nordex Energy SE, Mankiewicz, RWE, 

Henkel

Ireland Sustainable Energy Authority 
of Ireland

South East Technological University, 
University of Galway, University of 

Limerick

Japan
New Energy and Industrial 
Technology Development 

Organization

AIST, Osaka University, Tokyo Gas Co. 
Asahi Rubber Inc., CRIEPI, Industrial 

Technology Institute Fukushima 
prefectural government, Niigata 

University
Netherlands Netherlands Enterprise Agency TU Delft, TNO, Suzlon

Norway Norwegian Water Resources 
and Energy Directorate University of Bergen, Statkraft

Spain
Centre for Energy, 
Environmental and 

Technological Research

Aerox, CENER, DNV Iberica, Nordex 
Energy Spain,  Universidad Cardenal 

Herrera - CEU

UK Offshore Renewable Energy 
Catapult

ORE Catapult, University of Bristol, 
Lancaster University, Imperial College, 

Vestas UK, Ilosta, Armour Edge

US US Department of Energy Cornell University, Sandia National 
Laboratories, 3M



Work package structure
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Deliverables for each Work Package
# Deliverables Time

2.1 PIRT analysis to identify meteorological parameters Completed
2.2 Recommended report for measurement of LEE drivers On-going
2.3 Modeling capabilities of key atmospheric drivers of LEE Aug 2027
2.4 Roadmap for LEE atlas Dec 2028

3.1 Updated erosion classification system with report On-going
3.2 Aerodynamic benchmarking and simulations On-going
3.3 AEP loss and reference erosion turbines models Dec 2026
3.4 Design of an experiment to assess the accuracy of LEE performance loss Jun 2027
3.5 Development of methods for erosion-safe mode operation Jun 2028
3.6 Lifetime erosion modeling and O&M decision making On-going
3.7 Improved droplet impingement model for use in fatigue analysis Feb 2027
3.8 System integration and uncertainty analysis Dec 2028

4.1 Large-scale comparison and round robin of RET testers On-going
4.2 RET under different climatic conditions Feb 2027
4.3 Impact of microplastics emissions from erosion Oct 2027
4.4 Incorporation of weathering into RET protocol Jun 2028
4.5 Design of specimens with predefined defects Dec 2028
4.6 Durability testing and material property On-going
4.7 Failure modes and mechanisms of soft materials Nov 2027
4.8 Material failure in the real blade erosion Dec 2028



12

WP 2 Climatic conditions driving blade erosion
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2.1 Phenomena Identification and Ranking Table (PIRT) outcomes

First-tier priorities:
• None

Second-tier priorities focused on improved measurement and modelling technologies are:
• Hydrometeor size distribution and phase as functions of prevailing meteorological conditions
• Impinged water as function of hydrometeor diameter and phase and prevailing flow conditions
• Hub-height wind speeds during precipitation events of different meteorological causes

Climatic conditions



       

2.2 Recommended report for measurement of LEE drivers
Efforts underway to:
• Collect publicly available data sets on droplet size distribution

and phase from disdrometer, microradar etc.

2.3 Assessment of modelling capabilities to represent key atmospheric 
drivers of LEE

• Seeking others to conduct similar simulations elsewhere

Influence of measurement technology 
(disdrometer type) on Accumulated 

Distance to Failure (from Springer). Ref: 
Letson & Pryor (2023): Energies

1
4
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WP 3 Wind turbine operation with erosion

Sandia National Laboratories is a multimission laboratory managed and operated by 
National Technology & Engineering Solutions of Sandia, LLC, a wholly owned 
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s 

National Nuclear Security Administration under contract DE-NA0003525.
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2.1 Phenomena Identification and Ranking Table (PIRT) outcomes

First-tier priorities:
• Operational decision factors

Second-tier priorities focused on improved measurement and modelling technologies are:
• Material loss through different operating conditions

Operation with erosion
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Visual condition Mass loss Aerodynamic 
performance 

categorization

Mass loss model has the potential to improve its 
prediction of future erosion level progression 
through its incorporation of inspection data.

Visual examples of 
categories of blade and 

LEP damage.

Erosion 
Category  

Mean Wind Speed (m/s) 

4 6 7.5 8.5 10 

0 0.0% 0.0% 0.0% 0.0% 0.0% 

2  -1.0% -0.9% -0.7% -0.6% -0.4% 

3 -1.9% -1.6% -1.3% -1.1% -0.8% 

4 -3.0% -2.6% -2.2% -1.9% -1.6%  
 

Erosion classification system and aerodynamic performance

Source: WP3.2 Maniaci, D.C., MacDonald, H., Paquette, J., Clarke, R. (2023). Leading
Edge Erosion Classification System. IEA Wind Task 46-Erosion Classification System

WP3

https://iea-wind.org/wp-content/uploads/2023/02/IEA-Wind-Task-46-Erosion-Classification-System-report.pdf
https://iea-wind.org/wp-content/uploads/2023/02/IEA-Wind-Task-46-Erosion-Classification-System-report.pdf
https://iea-wind.org/wp-content/uploads/2023/02/IEA-Wind-Task-46-Erosion-Classification-System-report.pdf
https://iea-wind.org/wp-content/uploads/2023/02/IEA-Wind-Task-46-Erosion-Classification-System-report.pdf
https://iea-wind.org/wp-content/uploads/2023/02/IEA-Wind-Task-46-Erosion-Classification-System-report.pdf
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WP3: Updated Erosion Classification System
• An openly available scheme for categorising blade leading edge roughness/erosion related aerodynamic and 

noise performance losses
• Reference to a clean wind tunnel model.  The initial blade surface is more similar to Category A.
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WP3: Phase 1 Aerodynamic 
Benchmark
• 2 wind tunnel measurement campaigns
• 9 airfoil analysis codes
• AEP loss analyses based on 5 MW turbine
• Preparing for publication of results

AEP losses of the NACA633-418 airfoils from model predictions: (a) onshore TI and (b) offshore TI.

Comparison of measured data and computed results of the rough NACA63s418 airfoil of 
the Texas A&M experiment.
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WP3: Phase 2 Aerodynamic Benchmark
Aero Benchmark Phase2  - LERCat (coordinated 
by DTU)
• Benchmark codes on simulating FFA-W3-211 

(21%) with roughness and erosion 
• All cases are from LERCat and available online 

Roughness is modelled, whereas erosion is 
resolved 

• Participants: AIST, CENER, DTU, IWES, TNO, 
Vestas, Lancaster University
 

Eroded leading edge models from 
DTU LERCat project. 

DTU

Benchmark cases exhibiting leading edge erosion
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WP 4 Laboratory testing of erosion and material blade integration
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2.1 Phenomena Identification and Ranking Table (PIRT) outcomes

First-tier priorities:
• Materials properties that dictate damage initiation and progress

Second-tier priorities focused on improved measurement and modelling technologies are:
• Repeatability and variability of RET experiments
• Influence of material defects in RET
• Post-incubation damage growth

Material sciences
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4.1 Large scale round robin

• Testing of 1 coating system 
• Samples Donated by Mankiewicz 

• Testing must be done at minimum 2 different speeds

• We can include up to 7 R&D style testers 
• Currently 

• DTU, ORE, Mankiewicz, AIST, Akzo Nobel

• Other testers are welcome if we can reasonable manufacture the samples
• Fraunhoffer IWES is checking comparability 
• NPL, is checking if the coupon single row RET can fit the samples
• Niigata university wants to include their pulsed jet

• Testing to begin in March



4.6-4.8 Erosion from material science perspective

4.6 Bridging the gap 
between several 
durability testing and 
material properties

4.7 Analysis on failure 
modes and mechanisms of 
various soft materials to 
integrate into modelling

4.8 Material failure 
in the real blade 
erosion 

The discussion will also include the materials science perspectives necessary to achieve this 
objective. One of the objectives of this work package is to accumulate knowledge on the 
relationship between fatigue properties and material properties, various factors affecting them, 
and testing methods for evaluation for various soft materials through computer-aided 
engineering (CAE) and experiments, and to share this knowledge widely in the industry in 
order to develop materials that will sufficiently endure for the life of wind turbines, or materials 
and application methods that minimize uncertainties in life-time prediction.

- focusing on erosion progress
- understand elementary 
process on soft materials

- focusing on erosion initiation 
- understand the difference 
among testing

- focusing on erosion in field
- understand realistic erosion 
from the knowledge of 4.6 & 4.7 



RET(DNV-RP-0171)

Material Property

RET(Other)

Difference? 
Correlation

?

A
B
C

Durability

A B C  ???

A
B
C

<Objective>
-Investigate correlations between RET and 
other durability tests, focusing on the order 
of durability between materials. 
-Try to understand the cause of this 
correlation in terms of material properties.
-Gather case studies from participants’ 
experience. 

<Expectation for participants>
-Provision of test materials 
-Conducting various tests
-CAE analysis
-Sharing of relevant knowledge 

4.6 Bridging the gap between several durability testing and material properties

Order of 
durability

Analytic investigation

VN for Initiation
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Charlotte Hasager (OA) cbha@dtu.dk

Christian Bak (Co-OA)   chba@dtu.dk
IEA Task 46 workshop, February 2025, Roskilde

Thank you!

Travel costs for Charlotte Hasager were covered by GINP WINNOO KazeVind Grant 4323-00009B

mailto:cbha@dtu.dk
mailto:chba@dtu.dk
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