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Abstract

Wind turbine blades are the key components that allow the extraction of energy from the wind; these blades are often sub-
jected to accidental impacts which usually occurs on moving blades with maintenance tools, hail, or flying birds, resulting
in a significant degradation of the structural integrity of the blade. In this paper, a numerical simulation is adopted using
finite element method (FEM) with ABAQUS software to investigate the mechanical behavior of a GRP composite wind
turbine blade under low-velocity impact in operating conditions. On the other hand, damage modeling was formulated based
on Hashin criteria for intra-laminar damage to detect failure modes in large wind turbine blade, the sensitive zones, and
the size of damaged areas. To investigate this situation, a comparative evaluation was carried out considering many impact
scenarios and the main parameters such as the impactor geometry, velocity, and weight. The results are then examined and
analyzed, which show that major damage appeared at the tip of the blade and on trailing edge. Furthermore, the impactor
geometry affects the type of damage, the weight affects the size of the damaged area, while the impact velocity influences
the mechanical response of the composite wind turbine blade.

Keywords Impact - FEM - Mechanical behavior - Impactor shape - Damage - Hashin’s criterion

Abbreviations Yo Transverse compressive strength

HSNFCCRT Hashin criterion for fiber in Sir Longitudinal shear strength
compression Str, Transverse shear strength

HSNFTCRT Hashin criterion for fiber in tensién Gy Gy G,y G, Damage evolution coefficients

HSNMCCRT Hashin criterion for matrix in ALLAE Artificial strain energy ALLIE: Total
compression strain energy

HSNMTCRT Hashin criterion for matrix in tensién ALLSE Recoverable strain energy

E, Longitudinal Young modulus ALLMD Energy dissipated by damage

E, Transversal Young modulus ALLKE Kinetic energy

E, Young modulus along the thickness ETOTAL Energy balance

Vi2s Vi35 Va3 Poisson’s ratio

G, Shear modulus in 1-2 plane

Gj; Shear modulus in 1-3 plane 1 Introduction

Gy Shear modulus in 2-3 plane

X, Longitudinal tensile strength Nowadays, wind energy is the world’s most growing renewa-

X Longitudinal compressive strength ble energy resource [1]. According to the Renewable Energy

Y, Transverse tensile strength Policy Network report, published in 2018 [2, 3], 75% of

global energy demand is covered by fossil energy (oil, natu-
ral gas, and coal), resulting in an increase in greenhouse
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renewable energy resources with 36.9% for Hydropower [3],



31.8% for Windpower [3], 11.6% [3] for Solar power, and
19.7% [3] left for other renewable sources generation power.

Wind turbine blades are the most important components
for wind energy conversion, their structure is designed to
retrieve the kinetic energy from the wind while rotating and
converting it to electrical energy with the help of a generator.
In service, the blades are subjected to different types of loads
such as aerodynamic, centrifugal, and gravity [4-8]. Botasso
et al. [9] described a new aero-elastic model, which allows
the active control of the couple and the pitch. It was used to
perform experiments beyond aerodynamics on a horizontal
axis wind turbine, and its efficiency is proven ; however, the
model is unable to match the Reynolds number, which leads
to a reduction of the power coefficient.

Moreover, Brgndsted et al. on their review [10] presented
the different loads, Gravity, Aerodynamic, and Centrifugal,
acting on the wind turbine during service and their effects on
the rotating blades, and focused their study on the mechani-
cal behavior of composite materials, advantageous perfor-
mance, and damage mechanisms.

One of the most important steps for certification of wind
turbine blades is predicting its durability by evaluating the
damage evolution over the composite structure as well as
its mechanisms. In order to understand the damage evolu-
tion in wind turbine blades under static and cyclic loadings,
Serensen et al. [11] carried a study using a combination of
material and structural modeling. The results show that two
types of damages (compression failure and crack growth)
along adhesive joints, in addition, the effect of porosity on
the strength of adhesive joints, were investigated by devel-
oping an approach for predicting their fracture mechanisms.
On the other hand, Shokrieh and Rafiee estimated the deg-
radation of the composite material properties used on wind
turbine blade under static loads and predicted a lifetime of
18 to 24 years [12].

Montesamo et al. [13] developed and tested on a 32.5 m
composite wind turbine blades, a new progressive damage
model, which turned to be very efficient in controlling and
predicting the most sensitive zones to damage and failure
on the composite blade. Moreover, in 2018, they developed
algorithms to assess the influence of plies interactions on
the sliding displacement and on crack surface, and these
expressions were coupled with a multistage damage model
that allows predicting failure on laminates [14].

Yang et al. [15] carried a comparative study to investigate
and evaluate the deformation as well as to identify the sen-
sitive zones to failure on a large full-scale composite blade
under flapwise loading. The results indicate that the damage
began with the delamination of the aerodynamic shell from
the adhesive joints, followed by an increase in the stress
amplitude, which leads to an unstable propagation of dam-
age then the collapse of the structure. In the same context,
Overgaard and Lund [16, 17] conducted a comparative study

on the effect of static flapwise on wind turbine blades and
developed an efficient model to predict the stiffness degrada-
tion and the damage evolution in laminates, which can be
coupled with delamination models that allow assessing the
durability of composite structures.

Wind turbine blades are subjected to different loads which
impose large fatigue stresses on the moving rotor especially
in the transition region of the blade [18] and can also be
subjected to an accidental impact as traveler birds, the hail,
or with a falling maintenance tool, and a small scratch on
the blade can be fatal for the whole wind turbine structure
[19]. Various researchers have studied the optimization
of the layup parameters for a wind turbine blade in order
to increase its aerodynamics and structural performance
[20-26]. Others had studied the impact on composite struc-
tures as on a turbine nozzle [27, 28] and found that the dam-
age evolution depends on the impactor geometry and speed.

On the other hand, Geubelle [29] studied the effect of the
low-velocity impact on the delamination in thin composites
plates using a 2D cohesive/volumetric finite element scheme.
Then, Trousset [30] tested the effect of low-velocity impact
on a laminated composite plate with the organic matrix to
anticipate damage locations. Furthermore, Hamitouche et al.
[31] developed a computational approach to predict mechan-
ical damage in laminated composite structures. Pugh et al.
had tested the effect of the bending stress and salinity on
the erosion mechanisms of composite wind turbine blades
[32, 33]. Ahamed et al. [34] tested the effect of impact angle
on the erosion of composite materials for tidal applications.

Unlike metallic materials, the damage caused on a com-
posite structure during impact is a major issue. They may
have undergone stress, which can change the internal cohe-
sion of the structure, but no visible damage on the surface
[35]. According to Davies [36, 37], during the impact, an
important part of the incident energy is absorbed in the
form of fragmentation of the material, which is an essential
parameter to understand the phenomenon generated during
an impact on a composite structure. It determines the amount
of available energy that can be absorbed by the target in the
form of elastic deformation and damage and shows that at
low velocity the damage is dominated by flexion; however,
at high speed, the damages are more localized, because the
deformation waves do not have enough time to propagate
throughout the structure.

Given the three-dimensional nature of laminated com-
posites, many parameters influence the nature of the dam-
age. However, the major parameters are the initial speed
of the impactor and weight. The response of the target will
then depend on the combination of these parameters, which
will generate different damage [38, 39]. Olsson [38] used a
criterion based on the weight and the shape of the impactor
to determine the nature of the response during an impact
and found that the shape of the impactor affects the rate of



penetration into the structure, the peak strength, the contact
time, and damage threshold. Mitrevski et al. [39] monitored
the mechanical behavior of a composite plate during impact
using four different impactor forms and found that the flat
impactor did not leave a residual mark, but created defects
that are difficult to detect; however, the conical impactor left
the deepest indentation. In this framework, many research-
ers, such as Yamada-Sun [40], Hart-Smith [41], and Hashin
[42], proposed different models to capture varying degrees
of these damage mechanisms. Hashin’s criterion uses more
than one stress component to evaluate the different failure
modes.

This work has been focused on examining the change of
the structural properties and damage generated on large wind
turbine blade under different impact scenarios. The problem
of the design of wind turbine blades has been also treated
using ABAQUS software based on the finite element method
taking into account aerodynamic, centrifugal, and inertial
loads under the conditions of service of the blade. The effect
of the impactor geometry, weight, and impact velocity on
the dynamic response and damage kinetics inducted to the
wind turbine blade in service where they are investigated
to improve the long-term structural integrity of composite
wind turbine blades.

Fig. 1 Experimental Bench

2 Experimental Tests and Numerical Model
Validation

2.1 Experimental Tests

To study the mechanical behavior of the composite wind
turbine blade shown in Figs. 1 and 2, under impact with
birds, or hail, as well as to validate the developed VUMAT
subroutine which gives the damage occurred on the wind
turbine blade, numerical simulations and experimental tests
are performed on a composite tubular specimen made by
STRAGLEN co.

Impact tests were performed using IFREMER experimen-
tal bench on the composite tubular specimen, which has a
surface much larger than that of the impactor. The tubular
specimen with the dimensions are grouped in Table 1, and
placed in a cradle as shown in Fig. 2. Furthermore, the speci-
men was made of glass fiber-reinforced polymer matrix com-
posites with the mechanical properties of an E glass/epoxy
fold presented in Table 2.

The assembly schematized in Fig. 1a consists of a tower
from which a hemispherical projectile was dropped. The
projectile has 50 mm diameter, 200 mm length, and 1.6 kg
weight with a density p equal to 7800 kg/m>. The Young
modulus (E) is equal to 210 MPa and Poisson coefficient (v)
is equal to 0.3. Furthermore, a piezoelectric accelerometer
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Two Photoelectric
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Fig.2 The geometry of the cylinder and impactor

Table 1 Tube characteristic

Internal diameter Thickness Length Winding
D (mm) T (mm) L (mm)
55 6 200 [+£55];

ENDEVCO 2255B-1 is housed inside the hemispherical tip
(about 10 mm from the point of contact with the tubular
specimen). The experimental bench is also equipped with
an anti-rebound device consisting of a self-triggering elec-
tromagnetic clamp, which prevents a second shock Fig. 1b.

The tube is placed in a cradle of 104 mm diameter, which
is held rigidly to the frame, and the impact occurs at mid-
length of the tubular specimen with normal incidence. Two
photodiode sensors are placed few centimeters in front of the
impact point, which allows the measurement of the incident
velocity of the projectile.

When the projectile passes between the diodes and the
light source, a breaking of the light beam is detected, which
allows recording the impact velocity as well as defining
the energy restored by the tube to the projectile; hence its
rebound.

Some tubular specimen are equipped with two strain
gauges disposed on the inner surface of the cylinder, axi-
ally and circumferentially under the impact point, which
allows to measure strain rate during the tests. A fast camera

Two gauges on the inner surface of
the cylinder, under the impact point:

- Diameter: 50 mm
- Mass: 1.6 Kg
- piezoelectric accelerometer

(b)

(FASTCAM APX) with a maximum acquisition rate of
120,000 frames per second was used to record the interac-
tion between the projectile and the tubular specimen during
the impact, as well as measuring of the projectile velocity
and materials displacement.

NICOLET data acquisition unit was used to record the
measurement, which is subsequently processed and analyzed
using MAPLE and MATLAB software.

Figure 2a shows the impactor geometry, (b) represents
the experimental bench, (c) real picture of the tube, and (d)
represents the main parameters of the tubular specimen and
are summarized in Table 1.

2.2 Numerical Simulation of Impact on Wind
Turbine Blades

This study aims to evaluate the change of the structural prop-
erties, the type of damages, and the size of the damaged zone
of a wind turbine blade in service under accidental impacts.
For that effect, an impact study with different impact sce-
narios on the most vulnerable spots on the blade has been
conducted using different impactor geometries (conical hem-
ispheric), different weights, and different initial velocities.

A 48 m wind turbine blade, with box-shaped spars, was
modeled as a deformable structure, while the impactor was
modeled as a rigid body. The general specifications of the
studied blade model are presented in Table 3.



Table 2 Mechanical properties of the E glass/epoxy fold
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0.3

1900
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Table 3 Blade properties

Length (m) 48

Weight (tons) 13.95
Airfoil type NACA 4424
Max chord (m) 3932

The maximum thickness of the profile as a percentage 24
of the cord (%)

Position of the maximum thickness in cord percentage 30

(%)

Angle of attack for maximum lift (deg) 7
Maximum coefficient of lift 1.08
Coefficient of drag at angle of attack of 7° 0.01

Figure 3 shows the wind turbine blade with various chord
lengths and different twist angles.

The properties of the composite material used in the
numerical simulation are listed in Table 1.

Figure 4a shows the stratification model used for the
blade. (b) The distribution of materials in the zone [c] of
the blade and (c) the distribution of the materials and their
thickness with spars length.

Table 4 regroups the different orientations of different
materials used in this study.

e Fig. 5 illustrates the boundary condition assigned to the
blade using “Encastre” type applied at the root to reduce
the computational requirements. The blade is fixed at one
end to act as a cantilever, while the other end is free. (a)
shows the boundary condition for the numerical model
and (b) for the reel fixation of the wind turbine blades.

e The aerodynamic loads were calculated using the BEM
code shown in Fig. 6, for a wind speed of 20 m/s, and
applied to the structure as shown in Fig. 7, using a DLoad
subroutine implemented in ABAQUS.

e Gravity load is computed by ABAQUS FEA software
using the layup parameter of the blade.

e Fig. 8 shows the centrifugal force which is calculated
using Eq. (1). It depends on the weight and the rotational
velocity of the blade.

F, = %mwzr Q8

where @ is the rotational velocity and r is the distance of the
blade element from the center of rotation. Equation (2) was
used to calculate the centrifugal force on each element along
the blade’s length.

2
F.= % /ms rdr 2)

Figure 9a shows the blade under all loads where the green
arrows are for centrifugal load and the purple ones are for



Fig.3 The structural design of
the blade
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the aerodynamic load. Figure 9b is an enlargement of a sec-
tion of the blade. The general specifications used during the
study are listed in Table 5.

For a good design of the wind turbine blade, and to under-
stand its behavior under dynamic loading, we conducted
impact tests. The blade was exposed to different impactor
geometries such as hemispherical and conical, Table 6. Para-
metric analysis is conducted which deals with the effect of
the velocity, energy, and mass of the impactor.

e The impactor was modeled as a rigid body.

e The impact was occurred in the critical zones of the
blade. Fig. 10a shows a view of the zones where the
impact occurs: (b) the tip of the blade and (d) the trail-
ing edge. Fig. 10c and e represent the layup parameters
of these zones, respectively.

e Two types of impactors were used to compare the effect
of the geometry.

e The effect of impact velocity was tested using different
initial velocities for the impactor.

e The effect of impactor weight was studied using weights
of 5 kg and 10 kg.

3 Results and Discussion

Figure 11 shows the occurrence of the damage on the tube
with different impact energies. It must be noted that, at 3 J,
no damage was observed on both sides of the target but,
after reaching 5 J, a small damaged area with a little hole
appeared on the external surface because of the nature of
the impactor. Moreover, the damaged area was a bit larger
at the inner surface. The increase in damaged area size and
the penetration rate of the impactor became more important
while increasing the impact energy.

Three tests for each impact energy were performed and

Fig. 12 shows the reproducibility of the results. Figure 12a
shows the evolution of impact force with time for all three
tests and Fig. 12b shows the evolution of material displace-
ment or the penetration of the impactor on the target as a
function of time. Figure 13a shows the evolution of impact
force with time and its dependence on the kinetic energy
of the impactor. Moreover, Fig. 13b shows the penetration
rate of the impactor on the composite tube which showed
dependency on the initial energy of the projectile.
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Numerical simulation of impact on the tubular structure
with the same characteristics as shown in Fig. 14 and Table 7
was performed to verify the experimental results.

where C3D8R is Eight-node brick element with reduced
integration.

The numerical simulations results show similarities
with the experimental test in the mechanical behavior of
the tubular specimen under impact, and Fig. 15 shows that
the displacement and Force values found using the numeri-
cal simulation in ABAQUS correlate with the experimental
tests. Furthermore, as for the experimental tests, the visu-
alization of the numerical simulations displayed in Fig. 16
shows larger damaged area in the inner surface, but with less
stress level than the external surface, as well as similarities
in the size of the damaged zone for both sides. Thus, the
VUMAT subroutine developed for impact study is validated.

A numerical simulation of a composite blade wind tur-
bine under low-velocity impact using the VUMAT sub-
routine previously validated was preceded and the damage
evolution on the wind turbine blade was monitored and
quantified.

A mesh convergence study was carried out with different
mesh sizes under the same loading and boundary conditions
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Fig.6 BEM Algorithm for Dload Subroutine

to establish an interval of optimal mesh size, which gives
accurate results with less calculation time, Fig. 17 and
Table 8.

In this section, an analysis of the dynamic response and
the damaged area of a wind turbine blade after impact load-
ing with presence of aerodynamic loads is given . Examing

the results shown in Fig. 18, the theory of energy conserva-
tion of the system during impact tests was verified. Figure 18
shows the variation of energies during impact with a 5 kg
hemispheric impactor at 20 m/s. The total energy (ETO-
TAL) was constant throughout the calculation time and cor-
responded to the addition of kinetic energy (ALLKE) and



Fig.7 Distribution of aerody-
namic load

Fig.8 Centrifugal load on the
wind turbine blade

Fig. 9 Wind turbine blades in
service

Table 5 Numerical simulation load parameters

Table 6 Projectile property

Loads and boundary condition ~ Location

Encastre Root of the blade

Aerodynamic The whole structure
Centrifugal (angular velocity) The whole structure
Gravity The whole structure

Magnitude Impactor shape Weight Impact Kinetic Impact
(kg) speed energy loca-
- (m/s) [kJ] tion
20m/s 5 15 0.562 16.0
. .0m
3.14 radfs 10 20 1.00 47.0m
9.81 m/s> 1125
2.00




Fig. 10 Impact locations on the
blade

9J

External surface

Inner surface

Fig. 11 Damage appearance on the inner and external surface

internal energy (ALLIE). The evolution of the deformation
energy (ALLSE) had the same path as the internal energy.
Furthermore, the internal energy correspond to the sum of
the strain energy (ALLAE) and the energy dissipated by
damage (ALLMD). Hence the conservation of energy during
the impact test was verified.

In the previous section, the numerical model developed
showed its efficiency when compared with the experimental
results of the tubular specimen under impact. While this part

10

30J

is focused on the damage appeared on a wind turbine blade
during accidental impact with different impact scenarios, it
should be noted that the damage is controlled by Hashin’s
criteria to estimate the fiber and matrix damage initiation
and propagation.

The impact was performed on the trailing edge as well as
at the tip of the blade because after the preliminary study it
was found that these zones are the most sensitive to damage
due to the absence of spars and to their thickness.
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Fig. 14 Impact model for numerical simulation

Figure 19 shows a decrease in the velocity of the projec-
tile with the time during the impact. The general appear-
ance of these curves describes two phases of speed variation
during impact. In the first phase, the impactor is severely
hampered by the wind turbine blade and loses much of its
kinetic energy which is converted into deformation energy,
which explains the rapid decrease observed in the speed of
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Table 7 Tube characteristics Diameter (mm) 55
Thickness (mm) 6
Length (mm) 200
Winding [£55];
Structure type Solid
Mesh type C3D8R
Mesh size (mm) 6

Number of elements 2079

the impactor to zero velocity corresponding to the start of
the phase of elastic return. The second phase begins with
the rebound the of the impactor due to the elastic properties
of the structure.

Figure 20 shows the force—time curves versus impact
velocity for different impact scenarios. The effects of impac-
tor shape, weight, and velocity are noticeable. The maximum
force corresponding to the Hemispherical projectile is 100
kN at the tip of the blade and 89 kN at the trailing edge.

Two phases of force variation were noticed; initially,
the evolution was linear till it reaches the peak force
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Fig. 15 Comparison of experimental and numerical results, V=2.55 m/s—5J

(corresponds to 0 m/s) and then became non-linear due to
the damage initiation. In the literature, during impact with-
out damage, the force—time history has a parabolic sym-
metrical curve. Hence, the loading and unloading phases
are identical. During impact with the wind turbine blade, the
force—time curves show no symmetry between loading and
unloading phases, due to damage initiation which is noted
by the intense decline of the force with some oscillations.
Then, the start of the damage evolution of composites until
the complete failure of the structure.

The results show damages in some layers at both zones
for the two impactors. Hashin criterion for matrix in ten-
sion (HSNMTCRT) has been reached. On the other hand,
Hashin criterion for matrix in compression (HSNMCCRT),
for fiber in tension (HSNFTCRT), and for fiber in compres-
sion (HSNFCCRT) condition is not yet verified as shown in
Figs. 21, 22, 23, and 24.

The damage on the wind turbine blade occurred only after
reaching the specific energy threshold which depends on

Fig.16 The appearance of the damaged zone on the tube,
V=255m/s—51]

External surface

AA

12

the mechanical properties of the composite material used as
well as on the boundary conditions applied to the structure.

A close-up view of the impacted areas shows that the size
of the damaged zone depends on the impactor geometry,
weight, as well as on impact location. Impact with hemi-
spherical projectile generates large damaged zone, while a
very localized damage with penetration was observed with
a conical impactor, e.g., as shown in Table 9, for an impact
with 1 kJ at the tip of the blade, the damaged area is 0.34m>
for conical impactor; however, for the hemispherical projec-
tile, it is about 0.497 m?. The same goes for heavier impac-
tors; however, fast impactor generates violent impact force.

For identical impactor parameters, the impact force and
the size of the damaged area registered at the tip of the blade
are higher than the ones recorded at the trailing edge, which
is due to the lamination model and the thickness of the mate-
rials. Furthermore, it was noted that the blade reaction to the
impact at low speed is governed by flexion and a fraction
of the incident energy was absorbed by the wind turbine
blade and restored elastically to the impactor which led to
its rebound, correlating with the results of impact study on
current marine turbine nozzle [21].

4 Conclusion

In this investigation, the numerical simulation of damage
progressive in composite offshore wind turbine blade was
tested. A VUMAT subroutine was developed and validated
using both experimental and numerical simulations on a
tubular specimen. The results show that numerical simula-
tion could be considered as a powerful tool to reproduce the
experimental approach and offers possibilities of predicting



Fig. 17 Study of the blade mesh
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Table 8 Blade mesh study

Structure type Shell deformable
Blade length m 48
Mesh element type S4R
Mesh size mm 300
Number of elements
Blade 5136
Blade with a conical impactor 5216
Blade with a Hemispheric impactor 5236
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Fig. 18 Evolution of impact energies [5 kg—20 m/s]
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(b) Optimal mesh for the blade

failure modes and the mechanical response of a wind turbine
blade under accidental impact by using the Finite Element
Method.

The objective was to evaluate the effect of different
parameters of impactor such as geometry, velocity, weight,
and impact location on the mechanical behavior, type of
damage, and its size on a composite wind turbine blade. Dif-
ferent impactor shapes have been considered for two impact
velocities, and the effect of these parameters is noticeable.
The variation of impact energy was controlled and analyzed
and total energy conservation was satisfied.

The damage was controlled using Hashin’s criteria, and
the main conclusions are given as follows: the damage evo-
lution on the wind turbine blades depends on the stratifica-
tion model. The maximum damaged area is obtained with
a hemispherical impactor, while for the conical impactor
the damage was more localized with indentation. Moreover,
heaviest impactors had very slow elastic rebound. Finally,
when rising the impactor velocity, the mechanical response
of the wind turbine blade was governed by dilatation waves
contrary to when impacted at low speed which was obvi-
ously dominated with an elastic rebound. The study of the
damage phenomenon of wind turbine blades under impact
has all its interest for the designer. Indeed, even a small
scratch can have a considerable effect on the durability of
the structure and will contribute to the rapid degradation of
the structure.
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Fig. 23 Hashin matrix compressive criterion damages for impact at [M =10 kg, V=20 m/s]
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Table 9 Size of the damaged area(m?) with impact location and kinetic energy

Conical
HSNFCCRT HSNFTCRT HSNMCCRT HSNMTCRT Shear
47 m
Energy [kJ]
0.562 0 0 0 0.135 0.135
1.00 0 0 0.0075 0.3425 0.3425
1125 0 0 0.0075 0.3825 0.3825
2.00 0 0 0.0225 0.485 0.485
16 m
Energy [kJ]
0.562 0 0 0 0.0425 0.0425
1.00 0 0 0 0.06 0.06
1125 0 0 0 0.08 0.08
2.00 0 0 0.005 0.21 0.21
Hemispherical
HSNFCCRT HSNFTCRT HSNMCCRT HSNMTCRT Shear
47 m
Energy [kJ]
0.562 0 0 0 0.27 0.27
1.00 0 0 0.0075 0.4975 0.4975
1125 0 0 0.0075 0.575 0.575
2.00 0 0 0.0225 0.83 0.83
16 m
Energy [kJ]
0.562 0 0 0 0.075 0.075
1.00 0 0 0 0.1325 0.1325
1125 0 0 0 0.17 0.17
2.00 0 0 0.015 0.38 0.38
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