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1. Introduction. Wind turbine blade technology trends

2. Erosion issues associated with the leading edge of wind turbine blades
...
q The renewable energy sector has to be severely expanded in order to supply 20% of electricity from 

renewable sources to 2020. The EU wind energy capacity should be extended by two orders of 
magnitude. To achieve this goal, it is required the installation of very large wind turbines (10MW and 
higher) standing in wind farms of several hundred MW, in deeper offshore waters (not only on-shore). In 
this case, wind blades of length of 80 m and probably up to 110m in the near future, with increased tip 
speeds from 80 m/s to over 100 m/s will be operating....
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1. Introduction. Wind turbine blade technology trends

2. Erosion issues associated with the leading edge of wind turbine blades
...
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q An average tip speed around and in excess of 80 m/s  are now common in many wind turbine design. 
However the tip speed will also be heavily dependent on turbine operational strategy and control.  

q A typical wind turbine may be expected to operate continuously for approximately 15 years over its 
service life. During these years, the materials of the blade are exposed to a varied environmental 
conditions and fatigue load. The erosion of wind turbine blade leading edges has seen a dramatic 
increase in both the frequency of occurrence, and the rate at which leading edges are eroding. Erosion 
has been seen to be occurring within 2 years in off-shore blades and in 5 year warranty period in 
onshore applications.

q The costs associated with erosion in terms of loss of power performance and repair and downtime 
costs have a large impact on the LCoE (Levelized Cost of Energy) for wind. An erosion solution needs 
to be developed.

2. Motivation. Erosion issues associated with the leading edge of wind turbine blades

3. Blade surface coating. Material and Manufacturing approach in product performance.
…..
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q When considering the impact of rain, hailstones and other particulates on the leading edge, the tip speed 
is a key issue and also the environmental conditions (average precipitation, raindrop size, UV protection, 
moisture, …). 

2. Motivation. Erosion issues associated with the leading edge of wind turbine blades

3. Blade surface coating. Material and Manufacturing approach in product performance.
…..
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3. Blade surface coating. Material and Manufacturing approach in product performance. 

4. Rain Erosion Testing. Evaluation and quantification of erosion damage in surface coatings
....
q The large and ever-growing scale of modern blades has resulted in the widespread implementation of fiber 

reinforced thermosetting plastic composite technologies due to high specific strength and stiffness 
properties and fatigue performance.

q Composites perform poorly under transverse impact (i.e perpendicular to the reinforcement direction) and 
being sensitive to environmental factors such as heat, moisture, salinity, UV.Blade manufacturers employ 
surface coatings to protect the composite structure. 

q Two most common technologies used are In-mould coating (a moulded layer of a similar material of the 
matrix one epoxy/polyester) or a post-Mould application (applied after moulding through open moulding, 
painting or spraying with different material choice)
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3. Blade surface coating. Material and Manufacturing approach in product performance. 

4. Rain Erosion Testing. Evaluation and quantification of erosion damage in surface coatings
....
q The in-mould coating plays a key role in the 

product performance. It is often required an 
optimum interphase adhesion and surface 
finish for mechanical performance or durability 
reasons. A post-mould solution LEP has been
developed by AEROX at TRL5 based on a 
hybrid polyurethane-urea technology.

q Objectives: 
ü 1. Determine the effect of surface coating 

on the process dynamical behavior 
during mold Infusion. Processing window 
requirements for in-mould coatings

ü 2. To match the developed LEP coating 
properties to the blade structure of the 
fabric. Relation with laminate and integral 
solution.

ü 3. Develop an optimised manufacturing 
and coating process for blades into a 
knowledge-based guidance 8
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The material characterization and measurement of fibre 
preform permeability allows predicting the flow behaviour in 
porous media with numerical simulation. A mixed numerical/
experimental technique based on artificial vision is used for 
estimating the induced effect of the surface coating curing in the 
laminate impregnation and the flow front advance during filling. The 
procedure iterates the value of the estimated local material 
parameters M in the simulation until it matches the evolution 
of the experimentally measured flow front data. Computation of 
velocities at flow front can be estimated by means the distance 
and time between consecutive flow fronts. In this work a level set 
approach is employed to compute the vent distance field.!

INTRODUCTION!

ESTIMATION OF MATERIAL PROPERTIES !

EXPERIMENTAL RESULTS  !

Figure 2: Estimation of Material Properties M!

Figure 5  Material Properties Estimation during filling (blue), 1D Flow 
front position (red) and Flow front Velocity (green)!

The described proposal has been applied to both simulating and 
real mold filling. The experiments have been conducted by 
filling a 2D rectangular mold using 2 different curing 
conditions for the gel coat in order to generate differences in 
the impregnation and flow advancement of the resin in the 
dry preform during filling. Coat 1 and coat 2 are characterized 
previously by performing a measure of the degree of conversion 
of the polymerization reaction of the polymer matrix.!
!

Figure 3: Coat reaction entalphy measured with DSC.!

!

Resin Infusion (RI) is increasingly used in aeolian energy 
systems where low weight and high mechanical performance 
materials are demanded. It can be operated in low cost open 
molds with vacuum bags due to its low-pressure conditions. 
Moreover, in many applications like wind turbine blade 
manufacturing the in-mould coating plays a key role in the 
product performance. It is often required an optimum interphase 
adhesion and surface finish for mechanical performance or 
durability reasons. Since the coating is usually painted or sprayed 
onto the mould tool before the dry preform is laminated, it is also 
necessary to address measurement of part quality in terms of 
different reasons such are: completed filling, proper resin 
impregnation, and also, interphase coat-laminate mechanical 
characterization. Distinctive testing are shown in order to assess 
the macroscopic flow behavior of the resin laminates and its 
relation with the coating and the manufacturing conditions.!

Figure 1: A Mixed numerical/experimental technique (MNET) based on 
A.V. for the dynamical behaviour characterization during filling!
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Test 1: Unidirectional flow with an abrupt discontinuity in 
the curing degree of the gel coat: the coatings have been 
applied on the mold surface in 2 consecutive areas as outlined !
!
!
!
!
!
!
!
!
!
The textile was preplaced in the whole domain with a constant 
isotropic permeability. The material properties are computed 
locally during filling using the above exposed!
 methodology stated previously as!
!
The value of M is estimated for each flow front position so it 
can be observed an abrupt change on it when the coating also 
changes. This alteration on the coat curing yields a related 
change on the flow front velocity that the system identifies!

M =
K
φ ⋅µ

Coat 1 ! Coat 2 !  

  

  

  

  

  

Figure 4: Experimental setup for 1D Material Properties estimation !

Test 2: Bidirectional flow with an abrupt discontinuity in the 
curing degree of the gel coat!
!
!
!
!
!
!
!
!
!
!
!
!
!
In this case, the 2D velocity field during filling is computed in a 
triangular mesh. The Material Properties estimation M is outlined 
in Figure 7. It can be observed that the curing degree 
discontinuity of the coating areas can be identified by 
means of a deep change on the flow front velocity and 
hence M can be characterized.  
 
A deeper research is being done in order to establish the effect 
on the materials parameters separately (permeability, 
compaction, porosity, etc). !

Coat 2  

Coat 1  

Figure 7  Estimation of Velocity field in 
elements (left) and !

Material Properties (right)!

Figure 6 Experimental setup with two 
different coat areas (left) and 

intermediate AV image flow front (right) !

 V.García, E.Cortés, L.Domenech, F.Sánchez*, and F.Chinesta 

2. Compute the pressure gradient and the velocity field from Darcy´s law  
3. Update the element volume fraction, I, integrating the equation (5) 

 
In our proposal, the meshing algorithm is developed in order to include all the control volumes that 

are completely filled, so that I=1. That information is obtained directly from the artificial vision as 
stated before. So in the method proposed, the updating of the volume fraction is not calculated with 
equation (5). This equation, and hence step 3, is only used in terms on the numerical evaluation of the 
proposed method. 

 
Figure 2. Fixed triangular mesh with control volumes in elements and computation of numerical 

flow velocities in elements.  

2.2  Obtaining the Velocity field by means Artificial Vision and a Level Set Technique 

Computation of velocities at flow front can be estimated by means the distance and time between 
consecutive flow fronts. In this work a level set approach described in [15] is employed to compute the 
vent distance field of a given composite part. An easy and fast way to compute a distance field, 
expressed as an implicit function φ(x,t), is to employ a Fast Marching technique that provides very fast 
results at a minimum computational cost. 

The evolution of an implicit function under an external velocity field can be written as 
 

!! + ! ∙ ∇! = 0 (6) ) 

where sub-index indicates a partial derivative with respect to that variable. If we assume that the 
velocity field at the flow front is normal to the implicit function φ itself,  with constant. We 
can rewrite (6) as 

!! + !! ∙ |∇!| = 0 (7) ) 

See [17] for details on the discretization and integration of this equation. We can define some 
geometric concepts that will be used in Resin Infusion modeling by computing the distance function 
φ(x,y) in the whole domain. In order to clarify its computation, in next figures are shown the results of 
an experiment carried out in a rectangular rigid mold with a constant pressure injection line on the left. 
The objective was to obtain the value of  from equation (7). Then the flow is assumed to be normal 
and scaled outwards from previous image, see Figure 3. 

 
The values of  are then calculated from equation equation (7) using an upwind technique with 

the level set functions obtained directly from the images: 
 

!!,! =
!! − !!!!
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 Normal velocity values are computed for each mold location on each time instant during filling 
and give us information in real time of the velocity field during filling. This experiment will be 
discussed in this paper. 

 

 
Figure 3. Artificial Vision flow front image (left) and the computed consecutive flow fronts 

during filling with the same gap, elapsed time (right)  

 

Figure 4. Level set φ function for consecutive flow fronts computed in triangular mesh elements 

 

3  ESTIMATION OF MATERIAL PROPERTIES 

In this section the methodology for estimating the local Material Properties based on Artificial 
Vision is described. Darcy’s law describes the behavior of fluid in a porous medium. However, if the 

porous medium is isotropic, tensor 

� 

K  can be replaced by a number since 

� 

Kxx = Kxy = K  so that, 
equation (1) can be expressed as 

 
V =M ⋅ ∇P  (9)  

Where M =
K
φ ⋅µ

 represents the Material Properties (MP), and the tensorial dimension has been 

removed since both vectors are collinear. So that M  can be computed as follows 
 

M =
VAV
∇P

 (10)  

   
Where VAV  is the velocity obtained by means Artificial Vision, and ∇P  is the gradient of pressure, 
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systems where low weight and high mechanical performance 
materials are demanded. It can be operated in low cost open 
molds with vacuum bags due to its low-pressure conditions. 
Moreover, in many applications like wind turbine blade 
manufacturing the in-mould coating plays a key role in the 
product performance. It is often required an optimum interphase 
adhesion and surface finish for mechanical performance or 
durability reasons. Since the coating is usually painted or sprayed 
onto the mould tool before the dry preform is laminated, it is also 
necessary to address measurement of part quality in terms of 
different reasons such are: completed filling, proper resin 
impregnation, and also, interphase coat-laminate mechanical 
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Figure 4: Experimental setup for 1D Material Properties estimation !

Test 2: Bidirectional flow with an abrupt discontinuity in the 
curing degree of the gel coat!
!
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!
In this case, the 2D velocity field during filling is computed in a 
triangular mesh. The Material Properties estimation M is outlined 
in Figure 7. It can be observed that the curing degree 
discontinuity of the coating areas can be identified by 
means of a deep change on the flow front velocity and 
hence M can be characterized.  
 
A deeper research is being done in order to establish the effect 
on the materials parameters separately (permeability, 
compaction, porosity, etc). !
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Coat 1  

Figure 7  Estimation of Velocity field in 
elements (left) and !

Material Properties (right)!

Figure 6 Experimental setup with two 
different coat areas (left) and 

intermediate AV image flow front (right) !
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 Normal velocity values are computed for each mold location on each time instant during filling 
and give us information in real time of the velocity field during filling. This experiment will be 
discussed in this paper. 

 

 
Figure 3. Artificial Vision flow front image (left) and the computed consecutive flow fronts 

during filling with the same gap, elapsed time (right)  

 

Figure 4. Level set φ function for consecutive flow fronts computed in triangular mesh elements 
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interphase coat-laminate mechanical characterization [3][4]. In this work, distinctive testing are shown 
in order to assess the macroscopic flow behavior of the resin laminates and its relation with the coating 
and the manufacturing conditions. 

Measurement and characterization of material properties such as the fibre preform permeability is 
one of the main issues in composites process, since it plays a key role in process design and control. In 
fact, simulation is a valuable tool that allows guaranteeing a suitable design and the success of the 
process, and the permeability is one critical input parameter needed by simulation. That is the reason 
why in industry, it is needed that the simulation and the reality are as close as possible, and so, the 
permeability estimation must be as precise as possible. However, in practice, permeability 
measurement is not a trivial task. In the literature of fibrous media permeability [9][10][11][12][13], 
large variations in permeability values have been reported even in well-controlled 1D or 2D flow 
experiments. It is found that the permeability can vary largely from case to case because of variations 
in preform microstructures and handling conditions, both of which may come from non-uniform raw 
material quality, improper preform preparation/loading, and mold assembling. Moreover, the variation 
of the permeability can be caused not only in different process with similar conditions, but also in the 
same process. That means, the permeability may not be constant in every place of the preform.  

In [5] a promising technique to measure permeability is proposed, called the inverse method. This 
is based on mixed numerical/ experimental technique (MNET), with the aim of matching the empirical 
data with the simulation. For that propose, the method iterates the value of permeability in the 
simulation until it matches the evolution of the experimentally measured flow front. 

On the other hand, in our previous works [6][7][8] the Artificial Vision (AV) has been used as a 
tool to monitor LCM process, since by means a digital camera it is possible to define the pixels as 
nodes and associate them as Finite Elements. This fact allows one using all the FE tools with the mesh 
defined by the camera. With this, mixed numerical/experimental technique (MNET) is proposed to the 
computation of the discretized space observed by the camera as FE domain using a fixed mesh [16]. 
With the camera, it is possible to measure the arrival time at which the flow achieves each node. 
Moreover, it is possible to measure the updating of the volume fraction of each element and also the 
flow front velocity by means of a Level Set numerical technique based on a geometrical distance 
approach. It permits to calculate the velocity field during filling. The pressure of each node cannot be 
measured but can be computed, given our possibilities to develop our MNET. As the measurements 
are “directly” the expected results of the simulation the proposed method is called “direct method”.  

In this work, the method is used with the objective of exploring the induced effect of the surface 
coating curing in the laminate impregnation and hence in the flow front advance during filling. The 
tests are conducted with the same computational method as in [16] but with different coating curing 
degree instead of textile permeability variations. 

 
 

Figure 1. Schematics of the used direct method.  
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hence M can be characterized.  
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Figure 7  Estimation of Velocity field in 
elements (left) and !

Material Properties (right)!

Figure 6 Experimental setup with two 
different coat areas (left) and 

intermediate AV image flow front (right) !

q Previous Results. Material Characterization during filling. A novel mixed numerical/experimental 
technique based on artificial vision for estimating the induced effect of the surface coating curing in the 
laminate impregnation and the flow front advance during filling. Extend technology to open post-mould
processing.

3. Blade surface coating. Material and Manufacturing approach in product performance. 

....
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3. Blade surface coating. Material and Manufacturing approach in product performance. 

q Approach: 
ü Determine mechanical characterization of 

coating-laminate interphase adhesion 
depending on processing (curing) 
conditions. 

ü Minimize coating defect level and maximize 
the level of adhesion
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3. Blade surface coating. Material and Manufacturing approach in product performance. 

q Approach: 
ü Development of coating and optimization 

of coating/blade system. 
ü Polymer characterization through the 

thickness depending on differential adhesion 
during impregnation and curing. 
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4. Rain Erosion Test method. Evaluation and quantification of erosion damage in surface 
coatings. 

q There is no quantifiable measure to determine the level of erosion on a wind turbine blade in operation or 
during coating evaluation testing. In the absence of suitable rain erosion testing standards within the 
wind sector, the industry has instead looked to the aerospace sector. It is typically performed using the 
helicopter type rain erosion test to ASTM G73-10 Liquid impingement Erosion Using Rotating 
Apparatus’. Mass loss has proved inefficient, as it doesn’t distinguish between erosion depth and area 
losses. There is no method currently to correlate between testing and in-service erosion. It has been 
adopted as ‘best fit’ for rain erosion testing and can prove helpful in rating rain erosion resistance 
of materials and characterizing the induced damage.

12



q Objective: Determine Interphase coating-laminate relation with mass loss in erosion. Determine 
elastic material properties relation with erosion.

q Rain erosion testing has been conducted in a whirling arm rain erosion facility (WARER, University of 
Limerick), which generates a nominal rainfall rate of 25.4 mm/h and a droplet size of 2 mm. The test 
procedure, which is based on ASTM G73-10, evaluated the candidate coatings at impact speeds up 129 
m/s. The evolution of damage has been monitored through mass loss and visual examination of the 
specimen surfaces 

Samples for testing at WARER
• Laminate substrate: 27x1,4 mm (2 layer biaxial epoxy-GF, x700 µm thickness). 
• Gel Coat layer  300µm. In white or Transparent
• Overall dimensions. 27x1.7 mm 

The test procedure is defined to evaluate the candidate coatings:
1. -Coat Epoxy GC E 135 (Cured, Rigid). SAMPLES C1, C2, C3, C4, C5
2. -Coat Epoxy GC E 135 (Semicured, Rigid, tacky surface). SAMPLES S1, S2, S3, S4, S5
3. -Coat LEP (Elastic/Plastic, transparent) SAMPLES B1, B2, B3, B4, B5
4. -LEP commercial product (Elastic, with postCured). SAMPLES A11, A12, A13, A14, A15
5. -LEP commercial product (Elastic without postCured). SAMPLES A21, A22, A23, A24, A25 13

4. Rain Erosion Test method. Evaluation and quantification of erosion damage in surface 
coatings. 



4. Rain Erosion Testing. Evaluation and quantification of erosion damage in surface coatings.

5. On the modelling of rain drop impact in wind turbine blades
…
....q Objective:  Determine elastic material properties relation with erosion.

The test procedure is defined to evaluate the candidate coatings:
1. -Coat Epoxy GC E 135 (Cured, Rigid). SAMPLES C1, C2, C3, C4, C5
2. -Coat Epoxy GC E 135 (Semicured, Rigid, tacky surface). SAMPLES S1, S2, S3, S4, S5
3. -Coat LEP (Elastic/Plastic, transparent) SAMPLES B1, B2, B3, B4, B5
4. -LEP commercial product (Elastic, with postCured). SAMPLES A11, A12, A13, A14, A15
5. -LEP commercial product (Elastic without postCured). SAMPLES A21, A22, A23, A24, A25
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4. Rain Erosion Testing. Evaluation and quantification of erosion damage in surface coatings. ....

q Objective: Determine Interphase coating-laminate relation with mass loss in erosion

The test procedure is defined to evaluate the candidate coatings:
1. -Coat Epoxy GC E 135 (Cured, Rigid). SAMPLES C1, C2, C3, C4, C5
2. -Coat Epoxy GC E 135 (Semicured, Rigid, tacky surface). SAMPLES S1, S2, S3, S4, S5
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4. Rain Erosion Testing. Evaluation and quantification of erosion damage in surface coatings. 
....
q Approach: Determine Interphase coating-laminate relation with mass loss in erosion

q On going approach: Extend to vibroacoustic properties of coating/blade interphase.

The test procedure is defined to evaluate the candidate coatings:
1. -Coat Epoxy GC E 135 (Cured, Rigid). SAMPLES C1, C2, C3, C4, C5
2. -Coat Epoxy GC E 135 (Semicured, Rigid, tacky surface). SAMPLES S1, S2, S3, S4, S5
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5. On the modelling of rain drop impact in wind turbine blades. 
§ Liquid impact phenomena

q Approach: Understanding the physics of failure of the Leading Edge Erosion on turbine blades. 
q Develop/state appropriate numerical models and generate a tool to effective leading edge material design. 

Develop/state a rain erosion prediction model. Determine coating factors which affect erosion 
performance: will be performed on the various effects of the mechanical characterization, coating 
application method and curing, adhesion to substrate, coating film thickness and coating defects on 
the erosion degradation process using both laboratory techniques and rain erosion tests to develop 
optimization guidelines for coatings and blade design.

q The adhesion and erosion is affected by the shock wave caused by the collapsing water droplet on 
impact, and the elastic and viscoelastic responses of the blade structure, surface preparation and 
coating application and the interactions between them. The understanding of these interactions 
through the numerical modelling is limited but thought to be of key significance.

17
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5. On the modelling of rain drop impact in wind turbine blades. WP1
§ Liquid impact phenomena

q As the water droplet impinges the surfaces at a normal angle, two wave fronts are created with the 
longitudinal wave (with CL speed) preceding the transverse wave (CT ). The impact gives rise to 
another wave, called the Rayleigh wave (CR ) which is confined to the surface of the specimen and is 
responsible for 2/3 of the collision energy.

q The impact of a liquid sphere onto a solid surface can conventionally be divided into two different
progression stages. The first stage is the main one and is governed by compressible effects where a
water-hammer pressure Pi is produced.
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5. On the modelling of rain drop impact in wind turbine blades. 
§ Liquid impact phenomena. Modelling to identify suitable coating and substrate and its interface.

q Analytical model [Springer] used to identify
suitable coating and substrate combinations
and their potential stress reduction on the
interface has the following underlying
assumptions:
§ The coating and substrate are

homogeneous.
§ The substrate extends semi-infinitely with

its thickness
§ The speed of the stress waves into the

coating and the droplet is equal to the
speed of sound.

§ The material is unstressed prior to liquid
impact.

§ The stress wave is one-dimensional and
propagates normal to the specimen.

§ Further, stress waves parallel to the
specimen surface are neglected.
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q This formulation examines the impact of a liquid
droplet with diameter d, onto a two layered
structure with the first layer formed by the
coating and the second layer by the substrate.

q Upon impingement on the coating two different
wave fronts travel into the liquid and coating
respectively. The wave front in the coating
further advances towards the coating-
substrate interface, where a portion of the
stress wave is reflected back into the coating
and the remaining part is transmitted to the
substrate.

q Due to this reflection a new wave is now
advancing in the coating with a different
amplitude depending on the acoustic
impedances of the coating and substrate
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q The magnitude of the traveling waves
propagating upwards the coating-liquid
interface, and traveling waves propagating
downwards the coating-substrate interface, are
expressed with the k number of reflections as:
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Where the Water-hammer Pressure defines the
impact pressure and the stress at the
interface can be approximated as:
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5. On the modelling of rain drop impact in wind turbine blades. 
§ Liquid impact phenomena. Stress Reduction on the Substrate by Usage of a coating layer
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5. On the modelling of rain drop impact in wind turbine blades. 
§ Liquid impact phenomena. Stress Reduction on the Substrate by Usage of a coating layer
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q In order to reduce the stress in the
substrate and determine the
suitability of the candidate
materials for leading edge
applications, the approach can be
used to identify suitable coating
and substrate combinations and
their potential stress reduction
on the substrate interface and
also on the surface.
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5. On the modelling of rain drop impact in wind turbine blades. WP1
§ Liquid impact phenomena
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q In case the substrate is more 
rigid (Glass-reinforced epoxy 
resin composite) delamination 
may occur and coating 
capability of loss/transfer wave 
energy will allow avoid damage. 

q An elastomeric material 
coating with low modulus and 
high resilience will damp the 
stress waves insofar as the 
recovery time of the material is 
rapid. Lowest impedance value

q Brittle/Rigid coating materials 
vs elastomeric
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q Numerical Modelling. 
Stress Von Misses

q Coat Epoxy GC E135 
Cured. Rigid

5. On the modelling of rain drop impact in wind turbine blades
§ Rain droplet impact performance of in-mould coatings + Composite Substrate
…
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q Numerical Modelling. 
Stress V_M

q Coat LEP Elastic/Plastic

5. On the modelling of rain drop impact in wind turbine blades
§ Rain droplet impact performance of in-mould coatings + Composite Substrate
…
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6. Discussion. Further Work

q The mechanical characterization of coat-laminate interphase, depends on processing (curing) conditions

q The rain erosion testing indicated that samples manufactured with a higher degree of cure (as determined 
using DSC), performed worse in regard to erosion compared to those that had a lower degree of cure. 

q Erosion testing results correlate with the peeling tests where the moulded coating had a lower value of the 
force of failure for interface adhesion testing.

q The coating-laminate adhesion and erosion is affected by the repetitive shock wave caused by the 
collapsing water droplet on impact, and the mechanical response of the blade structure and coating application 
and the interactions between them.

28

q The stress waves will be transmitted to the substrate interface. In case the substrate is more rigid (Glass-
reinforced epoxy resin composite) interface delamination may occur and the coating capability of 
loss/transfer wave energy will allow avoid damage. 

q An elastomeric material coating with low modulus and high resilience will damp the stress waves 
insofar as the recovery time of the material is rapid (depending on the dynamic properties and the 
thickness). 

q On Going work: Determine variable properties characterization through the coat thickness and its vibro-
acoustic properties. Develop reflecting interfaces as impact shockwave diminisher
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