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What is the Importance of Erosion Test to Turbine Correlation?

With the development of digital twins to
structurally monitor blade structures, cables and
drivetrains the wind industry is moving towards
maintenance 4.0. However, due to its complexity,
LEE is still treated reactively based on inspections.
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Figure 1. Maintenance techniques. Offshore wind and LEE’s status




Test to Turbine Evaluation According to Guidelines
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e Time to end of incubation and breakthrough e Lifetime prediction of LEP radially
e Mass loss

e Failure mode — optional

Is this accurate? Is it useful? Has it been validated for a range of different materials/new LEP’s?
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Lifetime Prediction Case Study
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Levenmouth Demonstrator Turbine (LDT) Case Study
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Figure 4. Left: Samples after RET, Right: VN curve ;;‘
UV (not currently -
 The blade erosion test rig (BETR) determines an used) -
LEP's erosion/fatigue properties using velocity vs Pyranometer
no. impacts to incubation curves.
« Additional base material properties including
denslty and acoustic impedance are requlred. Figure 5. 7MW Levenmouth demonstrator turbine
N J

Y
Damage model

“AiRE CﬁTApUlT

Sy,
_'.}:e
S

N\

OFishore Renewnble Emengy



RET Data Analysis T
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* Coating (A) VN data over 6 different tests at
different conditions showed ok consistency and
agreed with the power law N = bV ™™ well. 0
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* Minor pitting was observed in this LEP and is Specific number of mpacts ()
common in coatings. Incubation that occurred T
because of material voids were not considered
in analysis.

50% confidence bands on the 50% tolerance interval

95% confidence bands on the 95% tolerance interval

e Past research has shown that lifetime
predictions can change by a minimum of 18%
depending on the subjectivity of the person and
the definition of incubation/breakthrough.

Figure 6. Coating (A) VN curve and damage behavior on RET sample
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Environmental and Operational Conditions at LDT
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Figure 7. Precipitation intensity probability at Figure 8. Droplet size distribution (DSD) at LDT Figure 9. Wind speed Weibull distribution at LDT
LDT compared to other sites
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Inspection Data Analysis at LDT

Table 1. Incubation datapoint position and time since installation at LDT

Estimated Incubation Time Since LEP Installation
Position (m) (Years)

e LDT |'nspect|on da.ta on c?atlng (A) has shown 71.32 07315
four instances of incubation over 2 % years,

. 81.03 0.7315

mostly at the tip.
81.29 0.7315
* Incubation is difficult to detect from both high 81.3 0.7315

rope access and drone footage. Furthermore,
it does not describe the erosion well.

* Pitting was observed on the wind turbine I‘ ' ‘ ‘
after first inspection, with growing severity :

and frequency over the 2 % years.

Figure 10. Top: Close-up images of incubation datapoints,
bottom: Images of pitting
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LDT Case Study Test to Turbine Results

LDT with coating (A) is predicted to last 5.5
years, in comparison to validation data this is
significantly inaccurate largely due to RET
analysis techniques, poor VN curve fitting,
application errors (pitting) and exclusion of
other external factors such as UV.

However, a physics based model is still useful
to explore parameter sensitivity not on an
absolute level but a relative level

Do O&M want to only know incubation and
breakthrough? Is there another way to
perform lifetime predictions that includes
drone data, resolution and physical data?
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Proposed Concept for Test to Turbine
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