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Why blade erosion is relevant? 
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The purpose

• The purpose of IEA Wind Task 46 is to 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. 
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• The work plan is delivered 
by 40 organizations from 12 
countries:

• 1 certification body

• 5 wind turbine manufacturers

• 6 wind farm owners

• 8 coating manufacturers

• 20 academic organizations

Participants Country Contracting  Party Participant Organization

Belgium Belgian Ministry of Economy Engie 

Canada Natural Resources Canada WEICan

Denmark Danish Energy Agency DTU , Hempel, Ørsted

Finland Business Finland VTT

Germany
Federal Ministry for Economic 

Affairs and Energy

Fraunhofer IWES, Covestro, Emil Frei 

(Freilacke), Nordex Energy, DNV, 

Mankiewicz, RWE

Ireland
Sustainable Energy Authority 

of Ireland

Institute of Technology Carlow, 

University of Galway, University of 

Limerick

Japan

New Energy and Industrial 

Technology Development 

Organization

AIST, Osaka University, Tokyo Gas Co. 

Asahi Rubber Inc.

Netherlands Netherlands Enterprise Agency TU Delft, Eneco, Suzlon, TNO

Norway
Norwegian Water Resources 

and Energy Directorate
Equinor, University of Bergen

Spain

Centre for Energy, 

Environmental and 

Technological Research

Aerox, CENER, Nordex Energy Spain, 

Siemens Gamesa Renewable Energy, 

Universidad Cardenal Herrera - CEU

UK
Offshore Renewable Energy 

Catapult

ORE Catapult, University of Bristol, 

Lancaster University, Imperial College 

London, Vestas UK. Ilosta

US US Department of Energy
Cornell University, Sandia National 

Laboratories, 3M
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Task 46 Erosion of Wind Turbine Blades
Work Package #3:  Wind turbine operation with erosion

Operation with Erosion, Aerodynamic Benchmarking Updates 
and Next Steps

Public Webinar  - 4 December 2023 

David Maniaci (Sandia National Laboratories)

 dcmania@sandia.gov

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.

SAND2023-14448PE
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WP 3 : Wind turbine operation with erosion David C. Maniaci 

dcmania@sandia.gov

Sandia National Laboratories (U.S.)This work package has three key overarching objectives:

1. Promote collaborative research to mitigate erosion by means of wind turbine control, assessing the viability of erosion 
safe mode.

2. Improve the understanding of droplet impingement in the context of erosion.

3. Improve the understanding of wind turbine performance in the context of erosion, specifically the effect of LEE surface 
roughness on aerodynamics.

Activity WP code

WP3.1: Model to predict annual energy production loss on blade erosion class

Common model of performance loss due to leading edge roughness and erosion standardized classes.

WP3.1

WP3.2: Report on standardization of damage reports based on erosion observations

Erosion classification report released February 2023 (https://iea-wind.org/task46/t46-results/ )

WP3.2

WP3.3: Droplet impingement model for use in fatigue analysis

Develop a standard model for droplet impingement, validated with wind tunnel experimental data.

WP3.3

WP3.4: Potential for erosion safe-mode operation

Report describing potential for leading edge erosion safe mode operation.

WP3.4

WP3.5: Accuracy of LEE performance loss model based on field observations (validation)

Iterative aerodynamic loss benchmarks. Validation of performance loss model using probabilistic analysis of field observations.

WP3.5

Project end: 14 March 2025

Year/År 2021 2022 2023 2024 2025

Work packages 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Running month during project 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

WP3 Wind turbine operation with erosion

WP3.1 Model to predict annual energy D3.1

WP3.2 RP on standardization of damage report D3.2

WP3.3 Droplet impingment model for fatigue D3.3

WP3.4 Potential for erosion safe mode D3.4

WP3.5 LEE performance model validation D3.5

https://iea-wind.org/task46/t46-results/
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Accomplishments in Work Package 3: Erosion Classification System

Structural IntegrityVisual Condition Mass Loss Aerodynamic 

Performance

Power loss is defined in 

Region 2 of the power curve.

Prediction of future erosion 

level progression.
Report contains many 

visual examples of 

categories of blade and 

LEP damage.

Detailed description of 

severity level definitions 

and thresholds.
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WP3: Aerodynamic Benchmark
• Aerodynamic benchmark kicked off in Fall 2022, coordinated by Beatriz Mendez at CENER. 
• Focused on NACA 633-418 and S814 airfoils

• Results from six participants; includes national labs, academia, and OEMs. 

• There is a wide spread in the results for some cases, so comparing model parameters
• Also comparing coordinates of the airfoils for the different wind tunnel tests
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Next Steps in Work Package 3
• Aerodynamic benchmarks, publication of phase 1 results and phase 2 to commence in spring 2024

• 3.1 AEP loss model.  Work will progress through the aero. benchmarking group for detailed modeling.

o Will also pursue simpler model, likely based on DTU or SNL simple performance models

o Develop detailed turbine models for performance loss, onshore and offshore (1.5MW-22MW)

• 3.3 Impingement model:  via aerodynamic benchmark group

o WP3:  Model the aero. impact of the geom. Change (lwift/drag curves, then used for power and 
AEP change).  WP5: Damage progression modeling of the eroded shape, quantify damage evolution 

• 3.4 Erosion Safe Mode:  demonstrated by able participants on the reference turbine model(s)

• 3.5 Validation with field data:  ongoing work by multiple participants

o Goal is to align with reference turbine models

Project end: 14 March 2025

Year/År 2021 2022 2023 2024 2025

Work packages 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

Running month during project 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

WP3 Wind turbine operation with erosion

WP3.1 Model to predict annual energy D3.1

WP3.2 RP on standardization of damage report D3.2

WP3.3 Droplet impingment model for fatigue D3.3

WP3.4 Potential for erosion safe mode D3.4

WP3.5 LEE performance model validation D3.5
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WP4 – Laboratory testing of erosion 

- D4.2 – Johansen, N. F.-J., Erosion failure modes in leading edge systems (06/2023)

Classification system to better indetify incubation damages. And seperate RET failure modes
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WP 4 Devlivery 4.3

• Python-Jupityr notebook implementation of DNV-GL 0573

• Improved regression analysis

• High Impact on predicted lifetimes 

• N-dependent V-dependent 
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4.3 Plan for 2024

1. Objective Overview

1. Test the Beta version of the code published on the sharpoint using the shared dataset from WP 4 participants.

2. Incorporate uncertainty budget from the RET, focusing on variables such as drop size and fall velocity, into the lifetime calculation.

2. Key Tasks

1. Propagate known uncertainties (e.g., drop size, fall velocity) forward to enhance the accuracy of lifetime calculations.

2. Engage WP4 participants in testing the Beta version of the code to validate its functionality and effectiveness.

3. Implementation of New Models

1. Integrate the impingement lifetime model based on the study by Bech et al. (2022), which investigates the impact of drop size on rain erosion 
tests and lifetime prediction of wind turbine blades.

4. Collaborative Testing and Feedback

1. Have WP4 participants actively test out the code, ensuring it meets project requirements and gathers comprehensive feedback for 
improvements.

5. Research and Publication

1. Collect and analyze results from the implementation and testing phases.

2. Prepare a paper summarizing findings, methodologies, and implications erosion predicition

References

1. Bech, J. I., Johansen, N. F-J., Madsen, M. B., Hannesdóttir, Á., & Hasager, C. B. (2022). Experimental study on the effect of drop size in rain 
erosion test and on lifetime prediction of wind turbine blades. Renewable Energy, 197, 776-789. https://doi.org/10.1016/j.renene.2022.06.127

https://doi.org/10.1016/j.renene.2022.06.127
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WP5 Erosion 
Mechanics & 

material properties

WP5.1 Damage models based on 
fundamental material properties

WP5.2 Multilayer systems and 
interphase damage

WP5.3 Compile Test Data 
for models' validation

WP5 Aim & Scope: Appropriate modelling techniques and material properties 
characterization methods will be defined and used to understand erosion mechanics 
for LEP system technologies and to quantify the influence on the performance.

Input parameters 
for the modelling

Validation data for damage 
progression analysis

*Fernando Sánchez, CEU, fernando.sanchez@uchceu.es
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RESULTS: Specific Technical Activitity. WP5.1 Damage models based on fundamental material 
properties & WP5.3 Compile Test Data for models' validation

.
✓ Test Data for UV Degradation combined weathering and RET; Different chemistry comparison 

✓ Damage progression analysis based on 1) images V-N curves, 2) intermediate mass loss measurements  and 
3) micro CT and 3D scanner for damage progression based on intermediate geometry evolution (with WP3)

RET 

U.Limerick RET 

Aeronordic
RET 

TU.DELFT
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RESULTS: Specific Technical Activities WP5.1 Damage models based on fundamental material 
properties & WP5.3 Compile Test Data for models' validation

✓ Development of a modelling web-based platform for 
remote lifetime performance analysis based on DNV-

GL RP 0573. ON GOING: Under validation within 
WP5 members with shared data.

✓ On the development of a physics- based & 

experimental data-driven modelling for wind 

turbine blade damage progression estimation 
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Operating Agent

Charlotte Bay Hasager (cbha@dtu.dk )

IEA TEM on LEE

mailto:cbha@dtu.dk
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