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IEA Wind TCP
Agenda

• General walkthrough of WP4 program 
• Deep dive on WP4.1

• Basis from round robin in phase 1
• Scope of work in phase 2
• Question to the audience 
• Live Demo calculations – practical reflections on tesing

• Closing and next steps WP4.6
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IEA Wind TCP
The objective of these subtasks is to facilitate the convergence of laboratory erosion testing practices to 
achieve a high-fidelity test setup representative of the erosion phenomena observed in the field and reduced 
uncertainty associated to the preparation of the samples and the testing process and the data analysis. The 
tasks focus on enhancing the understanding and methodologies surrounding Rain Erosion Testing (RET) for 
wind turbine blades. These tasks aim to address gaps in current testing standards, considering varying climatic 
conditions, the environmental impact of microplastics, and the acceleration of testing protocols. 

4.1 Large-scale comparison and round robin using same 
type of specimen in several Rain Erosion Test (RET) 
facilities

4.2 RETs under different climatic conditions and effect of 
droplet size and impact rate on coating lifetime

4.3 Impact of microplastics emissions from erosion

4.4 Incorporation of weathering into RET protocol

4.5 Design of specimens with predefined defects

- test with a material more representative of actual LEP
- challenge : agreeing on a standardised base material

- influenced by temperature, drop size, and intensity 
to reduce uncertainty, identify new accelerated testing

- collected microplastic particles during RET testing
- broader understanding of environmental impacts 

- how weathering can realistically be incorporated in RET. -
reviewing current practices and proposing strategies.

- robust, standardised methods to induce damage or defects in 
specimens 
- coupling this with a fracture-mechanics-based damage approach 

4.1-4.5 Laboratory testing of erosion 

WP 4 public webinar 20265/12/2026 3



IEA Wind TCP
4.1 Large-scale comparison and round robin using same type of 
specimen in several Rain Erosion Test (RET) facilities

• <Objective>
Conduct a large-scale comparison and round robin using the same type of 
specimen in multiple Rain Erosion Test (RET) facilities to improve comparability 
of results.

• <Research Items>
Test with a material more representative of actual Leading Edge Protection (LEP) 
while addressing the challenge of agreeing on a standardized base material.

• <Expectation for participants>
• Sharing test results from RET facilities
• Contributing to the selection of a standardized base material
• Providing feedback on representativeness of chosen LEP materia
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4.2 RETs under different climatic conditions and effect of droplet 
size and impact rate on coating lifetime

<Objective>

Evaluate the effect of different climatic conditions, droplet sizes, and impact 
rates on coating lifetime in Rain Erosion Tests (RETs).

<Research Items>

Assess how temperature, droplet size, and rain intensity influence erosion 
performance, and identify new accelerated testing methods to reduce 
uncertainty in lifetime prediction.

<Expectation for participants>

Sharing RET data under varying climatic conditions

Providing information on droplet size and impact rate effects

Contributing ideas and experiences for accelerated testing approaches
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4.3 Impact of microplastics emissions from erosion

<Objective>

Assess the environmental impact of microplastic emissions 
generated from erosion of Leading Edge Protection (LEP) 
materials.

<Research Items>

Collect and analyze microplastic particles released during RET 
testing to develop a broader understanding of their 
environmental implications.

<Expectation for participants>

Sharing data on microplastic collection and analysis methods

Providing case studies or research on environmental impact

Contributing ideas for mitigation or reduction of microplastic 
emissions
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4.4 Incorporation of weathering into RET protocol

<Objective>Determine how realistic weathering can 
be incorporated into the RET protocol to better 
replicate in-field aging effects.

<Research Items>Review current practices for 
weathering in erosion testing and propose strategies 
for integrating weathering steps into RET, considering 
feasibility and relevance to field conditions.

<Expectation for participants>

Sharing existing weathering procedures and results

Providing input on facility capabilities for weathering 
integration

Contributing to strategy development for weathering-
inclusive RET protocols
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4.5 Design of specimens with predefined defects

<Objective>

Develop robust, standardized methods for creating specimens 
with predefined defects to enable controlled evaluation of 
erosion performance.

<Research Items>

Establish repeatable techniques to induce specific damage or 
defects in specimens and couple these with a fracture-
mechanics-based approach for damage analysis.

<Expectation for participants>

Sharing methods and experiences for introducing controlled 
defects

Providing input on relevant defect types and sizes

Contributing to validation of fracture-mechanics-based analysis 
approaches
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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 

4.6-4.8 Erosion from material science perspective
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IEA Wind TCPRET(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. 

<Research item>
-Literature survey
-Sharing of test pieces
-Perform various durability and material property 
tests
-Investigation using CAE
-Making report

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

Order of 
durability

Analytic investigation

VN for Initiation

4.6 Bridging the gap between several durability testing and material properties
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Damage Progression of a material

CAE analysis of softmaterial

Estimation of Damage Progression Mechanisms

<Objective>
Explore sophisticated material property testing and new 
computer-aided engineering (CAE) analysis technique in 
soft materials (glassy, crystalline, and rubbery) dealing 
with various damage modes (delamination, and crack 
propagation)

<Research Items>
-Collect micrographs (about 200X) at each subsequent 
damage stage of a material.
-Investigate and define the damage mode progression of 
each material. 
-Propose laboratory property test methods 
corresponding to the damage progress
-Investigate the progress of the damage using CAE

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

4.7 Analysis on failure modes and mechanisms of various soft 
materials to integrate into modelling
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4.1 Large-scale comparison and round robin using same type of 
specimen in several Rain Erosion Test (RET) facilities

• <Objective>
Conduct a large-scale comparison and round robin using the same type of 
specimen in multiple Rain Erosion Test (RET) facilities to improve comparability 
of results.

• <Research Items>
Test with a material more representative of actual Leading Edge Protection (LEP) 
while addressing the challenge of agreeing on a standardized base material.

• <Expectation for participants>
• Sharing test results from RET facilities
• Contributing to the selection of a standardized base material
• Providing feedback on representativeness of chosen LEP materia
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WP 4.1 motivation 

• From phase 1 round robin on Aluminum, we found we differed from the +-
50% region in DNV-GL RP 0171
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WP-4.1 without normalizing 21,6% COV 
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WP-4.1 with normalizing 21,6% COV 
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WP 4.1 status

• Currently 7 R&D style RET 
rigs 
• 1 distributed impact RET 

(IWES)

• 1 whirling arm non 
distributed impact
• Semi chopped stream

• 2 P-Jet tester

• Testing started April 
• Planned to complete in 1-3 

months
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WP 4.1 Materials system 

• Liquid applied coating system
• 2 layers,

• Filler
• Topcoat

• Cast/poured 
• Excellent surface finish

• PU Based
• “Hard” style coating
• Comparable to systems in use

• Supplied By Mankiewicz 
• Know mostly progressive failure
• “Modern Best case”

• The goal to generate as good data as 
we can expect from RET on polymeric 
coating system 
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WP4.1 – how long to test 

• Question?
• How many hours of test in RET for 1 

simulated year?
• How long do you want a coating to 

last?

• Post answer in Chat 
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Initial test of WP 4.1 material system @ 160m/s tip speed
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Demo of considerations that go into RET test design 
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N-dpendent fit Fit: N = 1,38
E+18  * S ^ -8,07

Initial guess From
Manchewicz

Flow rate - P [l/h] 60
Inner radius rain field - ri [m] 0,802

Outer radius rain field - RO [m] 1,192 RPM RET tip sp RET [h] Impingment H[m]
Turbine life 
[Years]

Machine 
days

number 
of 
images 
before 
incubatio
n 

Fall velocity of droplet - vdrop [m/s] 2,38 1282 160 0,3 0,4 0,0 1,0 1,1
flow [m^3/s] 1,66667E-05 1202 150 0,5 0,6 0,0 1,0 1,9

1122 140 0,9 1,1 0,0 1,0 3,5
average annual rain [m] 1 1041 130 1,7 1,9 0,1 1,0 6,9
average rain fall velocity [m/s] 6,2 961 120 3,6 3,7 0,2 1,0 14,3
Power fit: exponent m 8,07 881 110 7,9 7,5 0,4 1,0 31,5
Power fit: Coefficent C 2,22643E+17 801 100 18,7 16,1 1,0 2,0 74,8
Target life 1 721 90 48,6 37,7 2,6 5,0 194,4
Target speed for life cal [m/s] 100 641 80 141,4 97,6 7,6 12,0 565,7
calculated life 1,0 561 70 474,8 286,9 25,4 40,0 1899,2
Inspection interval 15 481 60 1921,9 995,2 102,8 161,0 7687,5
Max posibel exposyre hours per day 12,0

Change this cell to run cal (→) 01/01/1900

Liftime estimation turbine

RET specific paramaters
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WP 4.1 target outcomes

• Improved knowledge of inter-rig comparability on representative base materials.-

• Improved understanding of how to normalise key erosion-driving parameters:  -

• Establish fundamental normalisation relationships between the different rigs 
(R&D, IWES, P-JET and coupon RET).-

• Definition of an initial material system for WP 4.2 to build on:  -

• Free films for WP4.5 DMA, speed-of-sound and other characterisation tests.-

• Extension of the current state of post-incubation damage annotation and 
tracking:  -
• Quantify damage area growth rates using computer vision, including detection of 

breakthrough to different material layers, etc.

• New reference public VN data set for use in lifetime modeling 
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