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https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2022/08/IEA_Wind_Task_46_WP2 Deliverable1_5Nov2021_approved.pdf

@® WP2.1+WP2.2 Pryor, S.C., Barthelmie, R.J., Cadance, J., Dyer, K., Hasager, C., Herring,
R., Kral, S.T., Prieto, R., Reuder, J., Rodgers, M., Veraat, M. (2022). Atmospheric drivers of
wind turbine blade leading edge erosion: Hydrometeors.
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https://iea—wind.org/wp—content/uploads/2023/04/D2-3-Ancillary—variables—data.pdf

@® WP2.3+WP2.4+WP2.5 Pryor, S.C., Barthelmie, R.J., Campobasse, S., Dellwik, E.,
Hannesdottir, A., Hasager, C., Kral, S.T., Reuder, J., Rodgers, M., Veraat, M. (2023).
Atmospheric drivers of wind turbine blade leading edge erosion: Ancillary variables.
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Variable Importance (# of positive | Described variable | Narrative
responses from the 3 WPs)
Wind speed | Essential to closing velocity | Weibull  distribution
between hydrometeor and | parameters at/close
blade (3) to wind turbine hub-
height
Freezing 1 Frequency and | Challenging to measure and not
rain & icing duration included in WP5 modelling.
Solar Very important (3) Annual total | Included in WP5 in terms of
radiation downwelling polymer chemistry linked with
shortwave radiation | erosion performance.
Temperature | Very important (3) Diurnal amplitude | Included in WP5 in terms of
variability and seasonal | viscoelasticity relation  with
amplitude erosion mechanics.
Aerosols 1 pH/salinity and size | Possible pH/salinity may be
distribution important from chemical

corrosion perspective and/or
mechanical erosion due to sand
blasting on a local scale in some
environments. But due to a lack
of consistent measurements
this is not a priority.
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Location Site Seasonal Seasonal Mean Total SW
label used Difference: Month Difference: Month DTR radiation (Jm?
here with highest Tmax | with highest Tmin per year)

minus month with minus month with
lowest Tmax lowest Tmin
Us SGP DoE ARM, 245 23.9 12.9 6.02x10° (from
Lamont, SGP, observations)
USA
Canada WEICan, 27.5 26.6 57 5.1x10° (from
coastal Canada ERAS5)
Coastal Weybourne 11.2 (ERAS) 11.2 (ERAS5) 6.5 4.131x10° (from
UK Atmospheric (ERAS5) ERAS5)
Observatory,
UK
Norway Bergen, Norway 1.7 5.7 6.0 3.27x10° (from
coastal ERAS5)
North Sea Horns Rev, 13.6 (ERAS) 13.7 (ERA5) 2.2 4.131x10° (from
Denmark ERAS5)
Denmark DTU, Denmark 18,4 14.5 59 3.78 x10° (from
inland observations)
UK inland Lancaster, UK 1.9 9.8 5.6 3.35x10° (from
observations)
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EE@M https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA_Wind_Task 46 WP2.6—RoadmapErosionAtlases.pdf
EHiekt.oEFEA5,

@ WP2.6 Pryor, S.C., Barthelmie, R.J., Hannesdéttir, A. (2025). A roadmap for producing
wind turbine blade coating leading edge erosion atlases: Preliminary results.
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Egﬁﬂ https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA_Wind_Task 46 WP2.7-Precipitation-measurement—1.pdf
EHiekt.oEFEA5,

@® WP2.7 Dellwik,E. Pryor,S.C., Hasager,C.B., Hannesdottir,A., Barthelmie,R.J., Reuder, J.,
Rodgers,M., Sanderson,R., Norton,H., Tanaka,M., Ushio,T.(2025). Report on measurements
of LEE drivers including metrology development and prospects for establishing ‘super sites’
for instrument testing the status of deployed measurement techniques.
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EE’%M https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA Wind Task 46 WP2.8 verification—and—validation—framework.pdf
EHiekt.oEFEA5,

@® WP2.8 Pryor, S.C., Barthelmie, R.B., Zhou, X. (2025). A V&V framework for numerical
simulations of LEE drivers: Preliminary results.
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https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA Wind Task 46 WP3.1_ AEP Loss—1.pdf

@ WP3.1 Maniaci, D.C., Meyer Forsting, A., Barlas, A., Bak, C., Olsen, A.S. (2025) Model
to predict annual energy production loss based on blade erosion class.
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ﬁ I-'—J \ ﬁFﬂ ﬂ& % 1[E J-T‘ZL/T:O Cumulative damage over all turbines

1.Minor non-structural with no influence on structure or

performance

2.Minor structural with potential performance impact. No risk of

fast progression.

3.Minor structural with performance impact. Risk of fast

progression.

4 .Structural defects requiring timely action
5.Major structural defects that requiring immediate action to
avoid catastrophic failure
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https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2023/02/IEA-Wind-Task—46—-Erosion—Classification—System-report.pdf

@ WP3.2 Maniaci, D.C., MacDonald, H., Paquette, J., Clarke, R. (2023) Leading Edge
Erosion Classification System

IO—CaVBBEEHESE

W=WPEZ A IZXHHBRMEHBZR THRR Lz, SRBBHICTHRSNEHINEDLOD,

Evaluation
Criteria

Visual
Condition
(LEP)

Visual
Condition (No
LEP)

Mass-loss

IE9571=8.

Initial
[factory
condition

‘Aerodynamic
Performance

Blade
Integrity

2
Lightly wom Notable areas of
extemnal localized damage on
Sna/l EP temnal coatina/LEP
Instances of Individual Instances
reduced LEP of LEP adhesive
adhesion failure.
Erosion barely Localized pitting
visible or pinholes
Coating <10% Coating 10-50%,
Laminate 0% Laminate 0%
Normal surface
IDREES Region 2 Power loss
Region 2 Power
s 1%-2%
0-1%
Initial erosion of Erosion through
topcoat topcoat

Severity Level

3

LEP is largely
compromised over a
large area and no
longer providing
Iprotection to underlying
layers

Widespread or
coherent pits, some
gouges

Coating 50-100%,
Laminate <10%

Region 2 Power Loss
2%-3%
Initial exposure of

immediate laminate
layers

4

Delamination of topcoat
with immediate layer

undemeath clearly visible

and exposed

Coating 100%
Laminate 10-100%

Region 2 Power loss
3-4%
Erosion through

immediate laminate
layers

Notable damage to
substrate

Coating 100%,
Laminate 100%

Region 2 Power loss
>4%
Exposure of

structural laminate
layers

Category 1: Region 2 power loss <1%. The transition point is moved forward toward the leading edge.

IO—23 VAT A

Category 0: Flow not disturbed. Roughness effects are damped by the viscosity of the flow.

Category 2: Region 2 power loss 1%, Moderate loss to L/D and CLmax, (-20% and -5%). The
transition point is moved forward to the leading edge. Incubation length (distance rough element to
transition point) is modified.
Category 3: Noticeable loss to L/D and CLmax (-30% and -5-10%). The flow is fully turbulent
downstream of the roughness elements in eroded regions of the blade span.
Category 4: Significant loss to L/D (> -40%) and CLmax (> -10%). The flow separates in downstream
locations due to the boundary layer weaknesses against adverse pressure gradients given by airfoil

geometry.

Category 5: Severe loss to L/D and CLmax due to flow separation and a lack of laminar flow.
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https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA Wind Task 46 WP3.3-Droplet-impingement—1.pdf

@® WP3.3 Castorrini, A., Campobasso, M.S (2025) Approaches for droplet impingement
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@ WP3.4 Hasager, C. Bech, J.I., Maniaci, D.C. (2025) Potential for erosion safe operation
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@ WP3.5a Maniaci, D.C., Olsen, A.S., Bak, C., Meyer Forsting, A. (2025) Accuracy of LEE
performance loss model based on field observations
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@® WP3.5b Campobasso,M.S., Castorrini,A., Bretos,D., Mendez,B., Maniaci,D.C.,
Theron,J.N., Meyer-Forsting,A.,Sorensen,N.N., Aihara,A., Vimalakanthan,K. (2025)
Validation of the Predictive Capabilities of Computational Aerodynamics Codes to Assess
Eroded Blade Performance:First Aerodynamic Benchmark
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@®WP4.1 Finnegan W., Bech J.1., (Eds.) (2022) Review on available technologies for
laboratory erosion testing.
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@ WP4.2 Johansen, N. F.-J. (2023) Erosion failure modes in leading-edge systems.
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@®WP4.3 Simon, J. E. and Johansen, N. F.-J. (2024) Rain erosion test data analysis, damage
accumulation and VN curves.
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@ WP4.4 Johansen, N. F.-J. and Nash, J. (2025) Pre-evaluation of specimen.
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@ WP4.5 Johansen, N.F.-J., Weinhold, A., Tanaka, M. (2025) Test aluminum data analysis,
damage accumulation and VN curves.
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@® WP4.6 Teuwen, J., Johansen, N.F.-J., Bech, J. 1. (2025) Simple laboratory test.

Mechanical characterization of LEP materials.
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@ WP5.1 Sanchez, F. and Hao, H. (Eds.) (2025) Review and assessment and review of
erosion damage models based on fundamental material properties and DNV-GL-RP0573
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testing rigs.

@ WP5.2 Sanchez, F. (Ed.) (2025) Microstructure and macrostructure material analysis for
the erosion damage progression development based on different accelerated rain erosion
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@Elﬁl‘w https://usercontent.one/wp/iea—wind.org/wp—content/uploads/2025/03/IEA_Wind Task_46_WP5.3 ModellingFromlnspectionData.pdf
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@ WP5.3 Sanchez, F. (Ed.) (2025) Use of in-field turbine blades inspection data for the
modelling of the rain erosion damage initiation.
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4.6-4.8 Erosion from material science perspective

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.

4.6 Bridging the gap 4.7 Analysis on 4.8 Material failure in
between several failure modes and the real blade erosion
durability testing and mechanisms of
material properties various soft materials
T 3 to integrate into
N - g
R modelling

- focusing on erosion initiation
- understand the difference
among testing

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

- understand realistic erosion
from the knowledge of 4.6 & 4.7

@

IEA Wind TCP

Technology Collaboration Programme
by l2d
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Extra optional WP4 meting in Japan Sep 26. (‘

IEA Wind TCP

e 14:00-15:30 Site tour at Hibiki offshore wind farm

e 15:30-17:30 Discussion at office near Kokura sta.

* Please contact Moto for more information

Technology Collaboration Programme
by lI2Q



