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Figure 26. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with increased thickness (shells, tapes). Case 2.

Figure 27. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with increased thickness (shells, tapes). Case 3.

3.4. Influence of Coating Viscoelastic Property Variations

In this section, the strain-stress analysis considers the influence of pondering a variation on the
coating stiffness over the reference case for the testing coupon of Table 1. Three cases of study are
related with variations of the given parameter multiplying its value by 1, 0.5 and 1.5 for Cases 1, 2, and

3, respectively as shown in Table 4.

Table 4. Modelling input data for variation cases in coating modulus (stiffness) and considering

semi-infinite substrates, hg > Zd%.

Impact Velocity
Test In?pact . Modulus E (Pa) Speed of Ijayer Specimen
Comparison_4 Material N Sound C Thickness
. /[Viscosity (Pa s) Vcenter
Case Analysis (m/s) (um)
(m/s)
Case 1 3.48 x 10%/1.59 1733.00 500 121
Coating LEP 0.5 % 3.48 x
Case 2 109/1.59 1733.00 500 121
1.5x3.48 x
Case 3 109/1.59 1733.00 500 121
Cases 1,2,3 Filler 4.90 x 10%/3.183 1941.00 20 x 1000 121
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Figure 28 show the strain in the coating layer due to a variation on the modulus for the three
different cases. It is detected an abrupt variation in the strain-rate values and its corresponding effect
on the strain frequency spectrum, Figures 29 and 30. The dominant working strain frequency range is
increased in the periods of time closer to the impact pulse is increased from 1 MHz, to 3-7 MHz for

Cases 2 and 3.

Strain-Time evolution // TestimpactComp4_res.csv // Layer-Coat-Var-e_50
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Figure 28. Strain-Time evolution for Case 1,2,3 at middle coating layer, 50% thickness, considering the
substrate-filler as semi-infinite with variation in coating modulus.

Spectrogram using Strain short-time Fourier transform // TestimpactComp4_res.csv // Layer-Coat-Var-e_50-Case2

Frequency (MHz)
Strain ¢

4

25 30 35 0 5
Time (us)

-120 E
Power / Frequency (dB/Hz)

Figure 29. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in coating modulus. Case 2.
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Spectrogram using Strain short-time Fourier transform // TestimpactComp4_res.csv_// Layer-Coat-Var-e_50-Case3 .
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Figure 30. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in coating modulus. Case 3.

3.5. Influence of Droplet Size Variations

The strain-stress analysis contemplates in this part the effect of pondering a distinction on the
droplet diameter over the reference case for the testing coupon. Three cases of study are related with

variations of the given parameter multiplying its value by 1,2 and 3 for Case 1, 2, and 3, respectively as
shown in Table 5.

Table 5. Modelling input data for variation cases in droplet diameter and considering semi-infinite
substrates, hg > ng—f.

Layer .
Test Impact Speed of Thickness Impact Yelouty
. . Modulus E (Pa) Specimen
Comparison_4 Material [Viscosity (Pa s) Sound C /Droplet Veenter
Case Analysis y (m/s) Diameter
( (m/s)
pm)
Case 1 2.19 x 10° 1480.00 2000 121
Case 2 Water droplet 2.19% 10° 1480.00 2 % 2000 121
Case 3 2.19 x 10° 1480.00 3 x 2000 121
Cases 1,2,3 Filler 4.90 x 10°/3.183 1941.00 20 x 1000 121

Figure 31 illustrates the strain evolution for the three different cases. It is noticed a delayed
variation in the strain-rate values with longer periods of impact and also the equivalent effect on the
strain frequency spectrum, Figures 32 and 33. The main working strain frequency range is evenly
increased for bigger droplets (4-6 mm. in diameter) in the periods of time closer to the impact and the
reflections with values from 1 MHz, to 3-7 MHz for Cases 2 and 3.
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o Strain-Time evolution // TestimpactComp6_res.csv // Layer-Coat-Var-e_50
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Figure 31. Strain-Time evolution for Cases 1-3 at middle coating layer, 50% thickness, considering the
substrate-filler as semi-infinite with variation in droplet diameter.

Spectrogram using Strain short-time Fourier transform // TestimpactComp6_res.csv_// Layer-Coat-Var-e_50-Case2
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Figure 32. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in droplet diameter. Case 2.

Spectrogram using Strain short-time Fourier transform // TestimpactComp6_res.csv_// Layer-Coat-Var-e_50-Case3
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Figure 33. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in droplet diameter. Case 3.
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3.6. Influence of Droplet Impact Velocity Variations

In this section, the strain-stress analysis intends the consequence of a difference on the droplet
impact velocity over the reference case for the testing coupon. Three cases of study are related with
variations of the given parameter multiplying its value by 1, 0.6 and 1.4 for Cases 1, 2, and 3, respectively
as shown in Table 6. It is important to note that a maximum impact velocity in operational conditions
of wind turbine blades (only in offshore fields) should be defined around 170 m/s.

Table 6. Modelling input data for variation cases in droplet impact velocity and considering semi-infinite
substrates, hg > Zd%.

Test Impact Speed of Droplet Impact Yelouty
. . Modulus E . Specimen
Comparison_4 Material Sound C Diameter
Case Analysis (Pa) (m/s) (um) Vcenter
(m/s)

Case 1 2.19 x 10° 1480.00 2000 121
Case 2 Water droplet 2.19 x 10° 1480.00 2000 0.6 x 121
Case 3 2.19 x 10° 1480.00 2000 14x121

Figure 34 clarifies the direct related variation in the strain-rate values with the impact velocity for
the three different cases. The corresponding influence on the strain frequency spectrum is depicted in
Figures 35 and 36. The principal working strain frequency range is evenly distributed in the periods of
time closer to the impact with values from 1 to 7 MHz for Cases 2 and 3, pointing out an important
influence of the impact velocity with the frequency range during impact event.
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B ey ¥ AT B \

Fo
clad A na %
IR A A N nev AL S
’[*",?'-'M» AT ™ (N 1‘} 1 ‘f'p,‘q’*u‘.'.\‘".,“'.' ARG A ‘-,\',!’ “\}
] A
J

P | | I | |

25 3
Time (s), Impact 10°

Figure 34. Strain-Time evolution for Cases 1-3 at middle coating layer, 50% thickness, considering the
substrate-filler as semi-infinite with variation in droplet velocity.
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Spectrogram using Strain short-time Fourier transform // TestimpactComp7_res.csv_// Layer-Coat-Var-e_50-Case2
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Figure 35. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in droplet velocity. Case 2.
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Figure 36. Spectrogram for strain evolution at the middle coating layer, 50% thickness, considering
substrate-filler as semi-infinite with variation in droplet velocity. Case 3.

4. Conclusions

Numerical and analytical models have been used in this work as a tool to analyze coating LEP
wear surface erosion performance. The modelling description offers a guidance in the analysis based
on the material fundamental properties. It is required for a complete analysis to define criteria for
identifying suitable acoustical matching of LEP coating and composite substrate interfaces.

Complex material models are considered to observe the highly transient material behavior during
waterdrop collisions that require to define the range of frequency of its data set to account for strain
rate dependence. The simplified single droplet impact modelling developed in this work has been
implemented and its capabilities assessed. The simulated analysis pondering different operational and
configuration cases used in industry has been discussed in detail and limits the working frequency
in a range of 0.5-7 MHz. The analysis has been developed assuming constant values of mechanical
properties during the impact event in order to imitate the Springer modelling assumptions. The upper
limit of 5 MHz allows one to consider a conservative constant value for the appropriate measurement
of the material impedance providing a limit on the stiffness variation of the viscoelastic response of the
selected material. Then, a procedure for the measurement of acoustic impedance with a time-of-flight
technique of a thin viscoelastic layer using a planar ultrasonic transducer for the frequency regime
of interest can be developed. Details of such developments are reported by the authors in linked
research [20].
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