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Grinding the surface of wind turbine blades is one of the key production processes before its service. In order to solve the problem
of high labor cost and low precision in manual grinding wheel grinding of wind turbine blades, the sandblasting process for blade
grinding is proposed. The best parameters of sandblasting process applied to wind turbine blades are investigated by simulation. In
this study, the simulation model of sandblasting process is established, and the fluid analysis of blades’ grinding using sandblasting
process is carried out with the variables of blasting pressure, abrasive diameter, and blast distance. Simulation results show that the
best parameters are 0.7 MPa for blasting pressure, 500 mm for spraying distance, and 0.4 mm for abrasive diameter. Finally, the
tensile test is carried out on the samples’ grind by the traditional grinding process and sandblasting process. The results show that
the paint surface grind by sandblasting process can bear a higher load. This study proves the feasibility of the sandblasting process

in the composite materials’ grinding of wind turbine blades.

1. Introduction

The wind turbine blade, as one of the key components of
wind turbines, plays an important role in the stability and
efficiency of wind turbines. A series of production processes
of the wind turbine blade includes laying glass fiber fabric in
the mold, resin dosing, blade demoulding, surface grinding,
and painting [1-4]. Good blade paint quality plays a good
protective role for the blade against the erosion of a bad
working condition [5-7]. Moreover, the blade grinding
process determines the paint adhesion. At present, the bulk
of the blade manufacturers has adopted the traditional
manual grinding method using wheel grinding [8-13]. The
manual grinding process not only consumes labor cost due
to a bigger and bigger size of the wind turbine blade but also
causes paint to drop due to an uneven grinding of the blade
surface [14, 15].

However, the sandblasting process can solve this
problem. In 1870, Tilghman manufactured a high-pressure
jet device. At this time, sandblasting was mostly used for
cleaning building surfaces and rusted metal surfaces. In the
20th century, Kirk and Abyaneh [16] studied the influence of

coverage on the material surface after sandblasting. Suyitno
Arifvianto et al. [17], through microhardness distribution
and tensile test results, considered that sandblasting can
improve the surface roughness of metal materials and
composites. In recent years, in order to study the effect of
sandblasting process on material surface roughness, Singh
et al. [18] provide a basis for the optimal selection and
pressure control of sandblasting technology through test and
X-ray methods. Draganovska et al. [19], based on the
analysis results, proposed a roughness parameter set that can
be used for sandblasting surface evaluation. The above
studies are all toward metal material, which proves that
sandblasting process can be used for composite materials.
The majority evaluation rule of the grinding process is
erosion rate and average roughness [20-23].

The sandblasting effect of wind turbine blades is affected
by many factors, including abrasive characteristics, sand-
blasting distance, temperature and humidity of the work
condition, blade shape, nozzle length, and airflow pressure.
Considering all factors, the research will become complex
and difficult. It is not conducive to studying the sandblasting
mechanism for the main factors and causes the research to
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deviate from the main direction. In the actual sandblasting
process, variables with the highest impact are blasting
pressure, sandblasting distance, and abrasive diameter
[24, 25]. Therefore, this paper mainly studies the influencing
parameters and mechanism of these variables on sand-
blasting process for wind turbine blades.

In this study, the sandblasting process is proposed to
replace the traditional manual grinding wheel for blade
grinding. The impact of particles on the blade surface makes
the blade surface obtain a certain roughness and improves
the painting durability of the blade surface. This paper in-
tends to find the best work parameter of the blasting process
using simulation, including blasting pressure, sandblasting
distance, and abrasive diameter. The hydrodynamic model
of blade surface grinding is established, and the influence of
different parameters on the grinding process is investigated.
Blades’ grinding test was established, and the tensile test was
carried out with the adhesion of paint on the blade surface
after sandblasting as the evaluation standard. Finally, the
micromorphology of the blade after grinding was obtained
by the scanning electron microscope (SEM) to select the
work parameters and study the erosion principle.

2. Test Setup

2.1. Simulation Parameter Setting. Sandblasting belongs to a
supersonic jet. According to its working characteristics, it
belongs to the category of outflow. Therefore, the boundary
of the computational domain needs to be determined
artificially. The flow field of sandblasting process is shown in
Figure 1. In Figure 1, the nozzle length is 100 mm, the di-
ameter of the nozzle is 6 mm, and the boundary is set as a
cylindrical area with a diameter of 800 mm. The nozzle is
connected to the compressed air source. The pressure at the
nozzle is set as the variable, and the boundary of the
computational domain is connected with the atmosphere,
and the atmospheric pressure is set as 1.01 x 10° Pa.

According to the classic manual sandblasting process
and the working parameters of the actual sandblasting
equipment, the pressure (0.5/0.6/0.7/0.8 MPa), abrasive di-
ameter (0.2mm, 0.3mm, 04mm, and 0.5mm), and
spraying distance (300 mm, 400 mm, 500 mm, and 600 mm)
are selected as variables. Classical values are selected for
other parameters in the test, see Table 1 Set the erosion rate
and average roughness as the majority evaluation rule. Then,
the optimal parameters of sandblasting process are selected
by analyzing the erosion of blade surface with different
working parameters.

2.2. Test Setup in the Laboratory. Emery is used as sand-
blasting process medium. The sandblasting equipment is the
STR/P-S201408 mobile sandblasting machine produced by
Zhangjiagang steer painting equipment Co., Ltd. The test
object is the LZ56.8-2.0 blade produced by Lianyungang
ZhongfuLianzhong Composite Material Group Co., Ltd. The
test area is located 3-5m from the suction surface of the
blade. Within this range, the blade shape is a standard ring
shape with a diameter of 2900 mm, which is conducive to the
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FIGURE 1: Test setup of sandblasting process.

TaBLE 1: Other working parameters of sandblasting process in
simulation.

Parameter Value
Temperature of compressed air 300K
Temperature of working environment 300K
Density of compressed air 7.058 kg/m’
Atmospheric pressure 1.01 x 10° Pa
Air density 1.225kg/m’
Particle density 2600 kg/m’

parameter control of the sandblasting test process. The
LZ56.8-2.0 blade is the mainstream wind turbine blade in
recent years, and it adopts the standard wind turbine blade
preparation process in production. The size of a single test
area is 600 mm long x 100 mm width x 120 mm spacing.

3. The Simulation Model of Blade
Sandblasting Process

In the model of sandblasting process, the gas is set as the
ideal gas, and the sandblasting abrasive is set as spherical
solids. The essence of sandblasting is a viscous flow station.
The wall of the nozzle adopts the nonslip boundary con-
dition. So, there is no friction and dynamic attenuation
between the abrasive and the nozzle wall:

P-c=R;-T,
P=P,+Pg, (1)
T =t+273.2,

where P represents the absolute pressure, and its value is the
sum of the external ambient air pressure P, during sand
blasting and the apparent pressure Pg of the sand blasting
equipment. ¢ represents the specific volume of the current
gas, and its value is related to the gas density py is reciprocal
to each other. T represents the absolute temperature and ¢
represents the Celsius temperature.

The abrasive of sandblasting is regarded as a single
discrete object without volume. According to the different
behaviors of abrasive on the wall of the nozzle, their
boundary conditions can be divided into reflection
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boundary, capture boundary, escape boundary, and wall jet
boundary. The reflection boundary assumes that abrasive
will reflect the flow field after a collision with the wall. The
escape boundary assumes that abrasive will leave the flow
field after a collision with the wall. The escape boundary is
usually used at the inlet and outlet boundary. According to
the working characteristic of the wind turbine blade sand-
blasting process, the pressure inlet and pressure outlet are set
as escape boundaries, and the wall is set as reflection
boundary.

Based on the above analysis, the following assumptions
are made for the model of wind turbine blades’ sandblasting
process:

(1) The gas used for sandblasting on the surface of wind
turbine blades meets the basic rule of an ideal gas.

(2) The diameter and density distribution of abrasive
meets the law of large numbers, and the abrasive is
smooth and spherical.

(3) The volume of solid abrasive is negligible compared
with that of gas, so the volume of solid abrasive is
ignored. At the same time, only the steady-state
aerodynamic resistance of continuous relative dis-
crete phase is considered, and the force of discrete
relative continuous phase is ignored.

(4) It is assumed that the abrasive is small balls with the
same diameter

(5) Itis assumed that the abrasive bounce elastically after
spraying onto the wall.

(6) Collision between abrasives is not considered.

The model in this study is meshed by Gambit software.
The truncation error of the unstructured mesh is larger than
that of the structural mesh. Therefore, a structural mesh is
used in order to improve the calculation accuracy. For
complex geometry, a structural mesh is used near the wall
where it has a great impact on the flow, and an unstructured
mesh is used in other regions.

The flow described in this study is supersonic flow, and
the coupling effect of pressure field and velocity field is
strong. Therefore, fluent software is used for simulation.
Based on the rule of mass conservation, the mass of the
inflow mesh and outflow mesh should be equal to the in-
crement of the fluid mass. Therefore, it can be concluded that
the density increment is equal to the integral of the density
flux.

The calculation methods of flux include first-order up-
wind scheme, second-order upwind scheme, and other high-
order schemes such as quick scheme. When the first-order
upwind scheme is used, the variable value on the boundary is
taken as the variable value on the control point of the
upstream element. The first-order upwind scheme only
retains the first term of the Taylor expansion series. So, it is
considered that the value of the boundary point of the local
element is equal to the value on the control point of the
upstream element, and its scheme accuracy is the first-order
accuracy. The second-order upwind scheme retains the first
and second terms of the Taylor expansion series. The values

on the local boundary points are interpolated by two ad-
jacent element nodes’ upstream, which has second-order
accuracy. The quick scheme uses the mixed form of
weighting and interpolation to give the values on the
boundary points. This method is proposed for quadrilateral
meshes in two-dimensional and hexahedral meshes in three-
dimensional. Although the high-order scheme can bring
higher calculation accuracy, it often leads to poor calculation
stability and greatly increases the calculation time. There-
fore, it is necessary to select the appropriate discrete scheme
according to the characteristics of flow. Because the flow
described in this study belongs to supersonic flow, the first-
order upwind scheme is selected in simulation. The first-
order upwind scheme can greatly improve the stability of the
calculation with sufficient calculation accuracy.

4. Simulation Results

In order to obtain the optimal working parameters, it is
necessary to simulate and calculate three cases: different
blasting pressures, different spraying distances, and different
abrasive diameters. Then, explore the influence mechanism
of these parameters on the erosion rate and average
roughness.

4.1. Simulation Results of Case 1: Different Blasting Pressures.
Set the blasting pressure as variable; the distance from the
nozzle to the blade surface is 500 mm, and the abrasive
diameter is 0.2 mm. Figure 2 is the simulation results of gas
velocity with the blasting pressure of 0.5MPa, 0.6 MPa,
0.7 MPa, and 0.8 MPa. Take the result of blasting pressure
with 0.5 MPa in Figure 2(a) as an example. It can be seen that
the compressed gas continuously accelerates inside the
nozzle, and the gas reaches the maximum speed outside the
nozzle outlet, about 450 m/s. Then, the gas velocity decreases
rapidly. When it reaches 300 mm from the blade surface, the
velocity has been reduced to only tens. The gas will continue
to accelerate inside the nozzle due to the nozzle effect. When
the high-pressure gas is sprayed out of the nozzle, the gas will
still accelerate for a distance under the action of expansion.
However, at this time, the potential core has been formed,
and the compressed gas begins to interact with the ambient
gas due to velocity slip. With the mutual coupling between
compressed gas and ambient gas, the potential nuclear effect
of compressed gas gradually decreases and finally disap-
pears, so the velocity begins to decrease rapidly. The results
of the blasting pressure with 0.6 MPa, 0.7 MPa, and 0.8 MPa
still show the same trend. However, at the same acceleration
distance, it can be found that the velocity of compressed gas
increases with the increase of pressure.

Figure 3 shows the results of the average shear stress
distribution in blade surface when the blasting pressure is
0.5MPa, 0.6 MPa, 0.7 MPa, and 0.8 MPa. Take the result of
shear stress distribution in blade surface with a blasting
pressure of 0.5 MPa in Figure 3(a) as an example. It can be
seen from the result that the shear stress distribution in the
blade surface is circular. This is because of the potential
nucleation, resulting in a relatively high gas velocity in the
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FIGURE 2: Results of gas velocity with different blasting pressures. (a) Results of gas velocity with the blasting pressure of 0.5 MPa. (b) Results
of gas velocity with the blasting pressure of 0.6 MPa. (c) Results of gas velocity with the blasting pressure of 0.7 MPa. (d) Results of gas

velocity with the blasting pressure of 0.8 MPa.

center of the nozzle, and abrasives will be blown vertically to
the blade surface. Therefore, high forward pressure will be
generated in the center of the blade surface, and the tan-
gential force is low. Due to the expansion, the flow outside
the central has a certain inclination with the blade surface,
and the gas has a certain tangential flow. Therefore, the
abrasive will produce a high shear force on the blade surface.

The results of shear stress distribution on the blade
surface with the blasting pressure of 0.6 MPa, 0.7 MPa, and
0.8 MPa are similar to the blasting pressure of 0.5MPa.
When the pressure is less than 0.7 MPa, the shear force on
the blade surface is also distributed in a ring. However, with
the increase of blasting pressure, more high-speed abrasives
arrive at the blade surface. As a result, the proportion of the
high positive pressure region (dark blue area) and the high
tangential force ring (dark red area) in the central area began
to increase. When the pressure is higher than 0.7 MPa, the
strength of the jet increases, and the convergence of the
central gas is stronger, resulting in a lower proportion of the
high positive pressure region (dark blue area). With the
increase of abrasives velocity, the abrasives’ beam is more
concentrated. Therefore, the proportion of the high tan-
gential force ring caused by the expansion of external gas is
also gradually reduced.

Figure 4 shows the results of the gas pressure distribution
along the axis with the blasting pressure of 0.5 MPa, 0.6 MPa,

0.7 MPa, and 0.8 MPa. Take the result of gas pressure dis-
tribution along the axis with a blasting pressure of 0.5 MPa as
an example. It can be seen from the result that the gas
pressure presents a slow decline process at the nozzle outlet.
When the high-pressure gas is ejected from the nozzle for a
certain distance, the pressure decreases rapidly. This result
further explains the development characteristic of the re-
duction of the pressure potential core when it leaves the
nozzle. It can be seen from the trend of the gas pressure
distribution along the axis when the blasting pressure is
0.5MPa, 0.6 MPa, 0.7 MPa, and 0.8 MPa. The higher gas
pressure will drive abrasive to produce a higher sandblasting
speed and a greater erosion on the blade surface.

Figure 5 shows the results of abrasive velocity distri-
bution along the axis with the blasting pressure of 0.5 MPa,
0.6 MPa, 0.7 MPa, and 0.8 MPa. Take the results of abrasive
velocity distribution along the axis with the blasting pressure
of 0.5 MPa as an example. It can be seen that the abrasive
velocity is continuously increased due to the continuous
expansion of compressed gas and then is turned down
rapidly after reaching the peak. Although the gas pressure is
decreasing, the acceleration of the abrasive is still positive in
this process, resulting in an increase in the velocity of the
abrasive. When the potential core of compressed gas de-
creases to a certain extent, the acceleration of the abrasive
decreases below zero and the velocity of the abrasive



Advances in Materials Science and Engineering

contour - 2
Wall Shear Stress

1.24e+00
1.12e+00
9.92e-01
8.68e-01
7.45e-01
6.21e-01
4.93e-01
3.74e-01
2.51e-01
1.27e-01

3.44e-03
[pascal]

contour - 2
Wall Shear Stress

1.24e+00
1.12e+00
9.92e-01
8.68e-01
7.45e-01
6.21e-01
4.93e-01
3.74e-01
2.51e-01
1.27e-01

3.44e-03
[pascal]

(c)

contour - 2
Wall Shear Stress

1.24e+00
1.12e+00
9.92e-01
+ 8.68e-01
7.45e-01
6.21e-01
4.93e-01
3.74e-01
2.51e-01
1.27e-01
3.44e-03

[pascal]

contour - 2
Wall Shear Stress

1.24e+00
1.12e+00

9.92e-01

r 8.68e-01
7.45e-01
6.21e-01
4.93e-01
3.74e-01
2.51e-01
1.27e-01

[pascal]

3.44e-03

(d)

F1GURE 3: The results of shear stress distribution on the blade surface with different blasting pressures. (a) The shear stress distribution with
the blasting pressure of 0.5 MPa. (b) The shear stress distribution with the blasting pressure of 0.6 MPa. (c) The shear stress distribution with
the blasting pressure of 0.7 MPa. (d) The shear stress distribution with the blasting pressure of 0.8 MPa.

decreases rapidly. With the continuous reduction of the gas
pressure, the differential pressure between the gas pressure
and the ambient pressure gradually decreases. Therefore, in
the end, the flow rate of the abrasive decreases rapidly. The
velocity distribution of abrasive along the axis with the
blasting pressure of 0.6 MPa, 0.7 MPa, and 0.8 MPa also has
the same trend. The difference is that, with the increase of
blasting pressure, the maximum velocity increases, and the
velocity when reaching the blade surface also increases. This
proves that increasing the blasting pressure is conducive to
improving the speed of axial abrasives when they reach the
working face. It also increases the kinetic energy of abrasive
and improves the erosion of abrasive on the blade surface.

Figure 6 shows the erosion results of the blade surface
with the blasting pressure of 0.5 MPa, 0.6 MPa, 0.7 MPa, and
0.8 MPa. Take the erosion results of the blade surface with
the blasting pressure of 0.5 MPa as an example. It can be seen
that erosion occurs in the central ring of the jet. From the
shape of the erosion, it is mainly circular, which is basically
consistent with the shear force distribution. At the same

time, it can be concluded that erosion is mainly caused by
high central forward pressure and high-speed tangential
force. Erosion mainly occurs in the middle and is relatively
evenly distributed, which is conducive to planning and
controlling the sandblasting path.

The distribution of erosion with blasting pressure of
0.6 MPa, 0.7 MPa, and 0.8 MPa is consistent with the results
of 0.5 MPa. It can be seen that when the blasting pressure is
lower than 0.7 MPa, the erosion rate per unit region in-
creases with the increase of pressure and tends to be uni-
form. When the blasting pressure is higher than 0.7 MPa, the
erosion rate per unit area decreases with the increase of
pressure. This phenomenon is consistent with the shear force
distribution in the blade surface. When the blasting pressure
is lower than 0.7 MPa, the velocity of abrasive increases with
the increase of pressure. Then, the kinetic energy of abrasive
increases and more abrasives arrive at the surface in unit
time. When the blasting pressure is higher than 0.7 MPa,
although the flow velocity of abrasive is accelerated and the
kinetic energy of abrasive particles is increased, the central
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FIGURE 4: The results of gas pressure distribution along the axis with different blasting pressures. (a) The gas pressure distribution along the
axis with the blasting pressure of 0.5 MPa. (b) The gas pressure distribution along the axis with the blasting pressure of 0.6 MPa. (c) The gas
pressure distribution along the axis with the blasting pressure of 0.7 MPa. (d) The gas pressure distribution along the axis with the blasting

pressure of 0.8 MPa.

particle beam is more concentrated. This results in the
shrinkage of the proportion of high erosion regions.

Figure 7 shows the trajectory results of the abrasive with
the blasting pressure of 0.5MPa, 0.6 MPa, 0.7 MPa, and
0.8 MPa. Take the abrasive trajectory with the blasting
pressure of 0.5MPa as an example. It can be seen that the
abrasive in the center is perpendicular to the blade surface,
and the peripheral abrasive have a certain included angle
with the blade surface, which provides an explanation for the
generation mechanism of the shear force distribution. When
the blasting pressure is below 0.7 MPa, the erosion region
caused by high forward pressure and high shear force
gradually expands with the increase of pressure, and the
central flow beam of abrasive gradually diffuses. When the
blasting pressure exceeds 0.7 MPa, the central flow beam
converges with the increase of pressure, and the proportion
of erosion region caused by high forward pressure and high
shear force begins to decrease. The above characters are the
same as the generation mechanism of shear stress distri-
bution and erosion results. It can achieve the purpose of
mutual evidence. At the same time, according to Figure 7,
with the change of blasting pressure, the effective erosion
region, average erosion rate, and maximum erosion rate
have changed.

Figure 8 shows the erosion curve of the transverse blade
surface with the blasting pressure of 0.5MPa, 0.6 MPa,

0.7 MPa, and 0.8 MPa. It can be seen from the curve that the
influence of blasting pressure on the erosion region is
limited, but the proportion of the high erosion rate region
changes significantly with the change of blasting pressure.

When the blasting pressure is less than 0.7 MPa, both the
maximum erosion rate and the average erosion rate are
increasing. Moreover, it can be seen from the comparison
that, within this range, the number of erosion rate peaks
decreases, and the change tends to be gentle. This is because,
within a certain blasting pressure, with the increase of
blasting pressure, more and more abrasives have been
accelerated, and more abrasive have reached the blade
surface.

When the blasting pressure is 0.7 MPa, the maximum
erosion rate and average erosion rate reach the maximum.
At this time, the abrasives are fully accelerated and have
higher kinetic energy.

When the blasting pressure is greater than 0.7 MPa, the
maximum erosion rate and average erosion rate decline
significantly. As shown in the trajectory results of abrasive,
the abrasive flow beam converges more with the increase of
blasting pressure, so the regions of high forward pressure
and high shear force decrease.

In order to compare the erosion of abrasive on the blade
surface under different pressures, the average roughness
values of the blade surface under eight pressure points are
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F1GURE 5: The results of abrasive velocity distribution along the axis with different blasting pressures. (a) The abrasive velocity distribution
along the axis with the blasting pressure of 0.5 MPa. (b) The abrasive velocity distribution along the axis with the blasting pressure of
0.6 MPa. (c) The abrasive velocity distribution along the axis with the blasting pressure of 0.7 MPa. (d) The abrasive velocity distribution

along the axis with the blasting pressure of 0.8 MPa.

measured and counted in the simulation software, see
Figure 9.

It can be seen from Figure 9 that the trend is basically
consistent with the macroform analyzed above. When the
blasting pressure is below 0.7 MPa, the higher the blasting
pressure, the higher the jet intensity. Then, the higher the
kinetic energy of abrasive particles when they reach the jet
surface, the higher the average roughness value. However,
when the blasting pressure is above 0.7 MPa, the larger the
blasting pressure is, the smaller the average roughness value
is. This is because the higher the blasting pressure, the higher
the jet intensity and the more compact the flow beam. A
large number of abrasives erode the same region, resulting in
excessive sandblasting time, which is not conducive to the
growth of roughness.

4.2. Simulation Results of Different Spraying Distances.
When the spraying distance changes and other conditions
remain unchanged, the flow field and erosion results with
the spraying distance of 300 mm, 400 mm, 500 mm, and
600 mm are analyzed, respectively. In the simulation, the
blasting pressure is 0.7 MPa and the abrasive diameter is
0.2 mm.

Figure 10 shows the average shear stress distribution of
the blade surface with the spraying distance of 300 mm,

400 mm, 500 mm, and 600 mm. Take the shear force dis-
tribution result with a spraying distance of 300 mm as an
example. It can be seen that the shear force distribution is
circular. This is due to the existence of a potential core,
resulting in relatively high gas velocity in the center of the
nozzle. High gas velocity will blow the abrasive vertically to
the blade surface, resulting in large positive pressure on the
abrasive in the center of the blade surface. However, the
tangential force (shear force) is low. Similarly, due to the
expansion of the flow outside the central airflow, the gas
produces a certain tangential slip, resulting in a certain
inclination of the outer abrasive acting on the blade surface.
Therefore, the blade surface will suffer a high shear force, but
low forward pressure.

For the shear force distribution at the blade surface with
spraying distances of 400 mm, 500 mm, and 600 mm, the
shear force on the blade surface is also distributed in a ring.
However, in the range of 300-500 mm, due to the increase of
spraying distance, the gas can fully expand and accelerate,
and more high-speed abrasive particles reach the blade
surface. At the same time, with the increase of distance, the
total erosion area increases because the jet is horn-shaped.
The above two reasons lead to the expansion of the area
proportion of central high forward pressure region and high
tangential force region. At 500 mm-600 mm, under the same
pressure, the abrasive will be fully accelerated if the spraying
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FIGURE 6: The erosion results of the blade surface with different blasting pressures. (a) The erosion of the blade surface with the blasting
pressure of 0.5 MPa. (b) The erosion of the blade surface with the blasting pressure of 0.6 MPa. (c) The erosion of the blade surface with the
blasting pressure of 0.7 MPa. (d) The erosion of the blade surface with the blasting pressure of 0.8 MPa.

distance is appropriately lengthened. However, if the blasting
distance is too long, the airflow pressure will decrease, and the
abrasive will decelerate under the action of external gas.
Abrasive deceleration reduces the number of abrasive on the
central axis and outer ring reaching the blade surface.
Figure 11 shows the erosion of the blade surface after the
same sandblasting time with the spraying distance of
300 mm, 400 mm, 500 mm, and 600 mm. Take the erosion of
the blade surface at the jet distance of 300 mm as an example.
It can be seen that erosion mainly occurs in the central ring
of the jet. From the shape of the erosion results, it is mainly
circular, which is basically consistent with the law of shear
force distribution at different spraying distances. At the same
time, it can be seen that erosion is mainly caused by for-
warding pressure and high-speed tangential force. Erosion
mainly occurs in the middle and is relatively evenly

distributed, which is conducive to realizing the uniform
position of sandblasting coverage.

The development law of the erosion results of the blade
surface is consistent with the above analysis when the
spraying distance is 400 mm, 500 mm, and 600 mm. It can be
seen that when the spraying distance is less than 500 mm, the
erosion rate per unit area increases with the extension of the
distance. However, it is accompanied by an obvious cir-
cumferential saw tooth edge with an ultra-low erosion rate.
The generation mechanism of ultra-low erosion rate circular
saw tooth edge is that the spraying distance is short, and the
abrasive in the outer layer cannot fully accelerate and ex-
pand. This results in small kinetic energy, so this phe-
nomenon occurs.

When the spraying distance is 500 mm, the erosion rate
is the maximum, the abrasive has been fully expanded and
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FIGURE 7: The trajectory results of the abrasive with different blasting pressure. (a) The trajectory of the abrasive with the blasting pressure of
0.5 MPa. (b) The trajectory of the abrasive with the blasting pressure of 0.6 MPa. (c) The trajectory of the abrasive with the blasting pressure
of 0.7 MPa. (d) The trajectory of the abrasive with the blasting pressure of 0.8 MPa.

accelerated, and the circumferential saw tooth edge of the
ultra-low erosion rate almost disappears.

However, when the sandblasting distance exceeds
500 mm, the erosion rate per unit area decreases with the
extension of the distance. This phenomenon is consistent
with the shear force distribution in the blade surface. It is,
due to the increase of blasting distance, the acceleration of
abrasive becomes negative, and the flow velocity of abrasive
decreases due to the resistance of external gas. At the same
time, the number of abrasives reaching the blade surface is
also greatly reduced with the increase of distance, especially
the abrasive in contact with the environment in the outer
layer. All the particles that can reach the blade surface are
low-speed abrasive. Therefore, the outer layer has a cir-
cumferential saw tooth edge with an ultra-low erosion rate.

Figure 12 shows the erosion curve of the blade surface
with the spraying distance of 300 mm, 400 mm, 500 mm, and
600 mm. It can be seen that both the maximum erosion rate
and the average erosion rate are increasing in the range of
spraying distance of 300-500 mm. Moreover, it can be seen

from the comparison of curves that, within this range, the area
of the ultra-low erosion region decreases, and the change
tends to be gentle. This is because, within a certain spraying
distance, with the increase of spraying distance, more abra-
sives have been accelerated, and more abrasive have reached
the blade surface. When the spraying distance is 500 mm, it
reaches the maximum value, and the maximum erosion rate
and average erosion rate reach the maximum value. At this
time, the abrasive is fully accelerated and has higher kinetic
energy. However, the maximum erosion rate and average
erosion rate decreased significantly at 500 mm-600 mm. As
shown in the shear force distribution and jet distance, with
the increase of jet distance, the gas is fully expanded, which
leads to the higher kinetic energy of abrasive. However, after
the gas reaches the maximum velocity under this pressure, the
gas potential core disappears and the velocity will decrease
significantly. Finally, the erosion rate of abrasive particles on
the working face decreases significantly.

In order to compare the erosion of abrasive on the blade
surface more intuitively under different spraying distances,
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F1GURre 8: The erosion curve of the transverse blade surface with different blasting pressures. (a) The erosion curve of the transverse blade
surface with the blasting pressure of 0.5 MPa. (b) The erosion curve of the transverse blade surface with the blasting pressure of 0.6 MPa.
(c) The erosion curve of the transverse blade surface with the blasting pressure of 0.7 MPa. (d) The erosion curve of the transverse blade

surface with the blasting pressure of 0.8 MPa.
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FIGURE 9: Average roughness curve of the blade surface with different blasting pressures.

the average roughness corresponding to eight injection
distances is measured and counted in the simulation soft-
ware. Finally, the curve is generated, see Figure 13.

When the spraying distance is less than 500 mm, the
larger the spraying distance is, the higher the average
roughness value is. This is because, with the larger spraying
distance, the airflow can fully expand and fully accelerate the

abrasive. When the abrasive reaches the jet surface, the
greater the kinetic energy they have.

When the spraying distance is more than 500 mm, the
larger the spraying distance is, the average roughness value
decreases slowly. Although the airflow has fully accelerated
the abrasive, in the later stage of the abrasive movement, the
pressure of the compressed gas gradually decreases. The
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FiGUure 10: The results of the shear force distribution with different spraying distances. (a) The shear force distribution with spraying
distances of 300 mm. (b) The shear force distribution with spraying distances of 400 mm. (c) The shear force distribution with spraying
distances of 500 mm. (d) The shear force distribution with spraying distances of 600 mm.

speed of the abrasive decreases rapidly, and the kinetic
energy of the abrasive decreases, resulting in the simulta-
neous reduction of erosion rate and roughness.

4.3. Simulation Results of Different Abrasive Diameters.
When the abrasive diameter changes and other conditions
remain unchanged, the flow field and erosion results are
calculated, respectively, when the abrasive diameter is
0.2 mm, 0.3 mm, 0.4 mm, and 0.5 mm, in which the distance
from the nozzle to the blade surface is 500mm and the
blasting pressure is 0.7 MPa.

Figure 14 shows the results of the average shear force
distribution of the blade surface when the abrasive diameter
is 0.2mm, 0.3mm, 0.4mm, and 0.5mm. Take the cloud
diagram of shear force distribution of the blade surface with
an abrasive diameter of 0.2 mm as an example. It can be seen
that the shear force distribution is circular. Due to the ex-
istence of a potential core, the air velocity in the center of the
nozzle is relatively high. The abrasive will be blown vertically
to the blade surface, resulting in large positive pressure on
the center of the blade surface, and the tangential force

(shear force) is very small. Similarly, due to the expansion of
the flow outside the central airflow, the gas produces a
certain tangential slip, resulting in a certain inclination of the
outer abrasive acting on the blade surface. Therefore, a high
shear force will be generated on the blade surface, and the
forward pressure is low.

Figure 14 shows the results of shear force distribution on
the blade surface with the abrasive diameter of 0.3 mm,
0.4mm, and 0.5 mm; the shear force on the blade surface is
also distributed in a ring. In the range of 0.2-0.4 mm, the
proportion of positive pressure and high shear force in-
creases in the shear force distribution of the blade surface.
Due to the increase of abrasive diameter and the increase of
the upwind force region of the unit particle, abrasive will
receive a higher driving force, resulting in greater kinetic
energy when the unit particle reaches the working face.
However, the proportion of positive pressure and high shear
force decreases when the abrasive diameter exceeds 0.4 mm.
With the increase of abrasive diameter, the airflow force
increases. However, the mass of abrasives also increases, and
the number of abrasives reaching the working face per unit
time decreases, resulting in the reduction of erosion rate.
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F1GURE 11: The erosion of the blade surface with different spraying distances. (a) The erosion of the blade surface with the spraying distance
of 300 mm. (b) The erosion of the blade surface with the spraying distance of 400 mm. (c) The erosion of the blade surface with the spraying
distance of 500 mm. (d) The erosion of the blade surface with the spraying distance of 600 mm.

Figure 15 shows the erosion results of the blade surface
with the abrasive diameter of 0.2 mm, 0.3 mm, 0.4 mm, and
0.5mm. Take the erosion with an abrasive diameter of
0.2mm as an example. It can be seen that erosion mainly
occurs in the central ring of the jet. From the shape of the
erosion, it is mainly circular, which is basically consistent
with the law of shear force distribution of different abrasive
diameters analyzed above. At the same time, it can be seen
that erosion is mainly caused by forwarding pressure and
high-speed tangential force. Erosion mainly occurs in the
middle and is relatively evenly distributed, which is con-
ducive to planning and controlling the sandblasting path and
realizing the uniform position of sandblasting coverage.

When the abrasive diameter is 0.3 mm, 0.4mm, and
0.5mm, the development law of the erosion of the blade

surface is consistent with the above analysis. However, it can
be seen that when the abrasive diameter is less than 0.4 mm,
the erosion rate per unit area increases with the increase of
the abrasive diameter, which is similar to the principle of the
erosion of the blade surface. Due to the increase of abrasive
diameter, abrasives have higher kinetic energy and cause
greater erosion to the blade surface.

When the abrasive diameter is 0.4 mm, the erosion rate is
the maximum. The abrasive obtains the maximum erosion
rate under the dual action of the gas driving force and self-
gravity.

However, when the abrasive diameter exceeds 0.4 mm,
the erosion rate per unit area decreases with the extension of
the abrasive diameter. Due to the increase of abrasive di-
ameter, its own weight has a greater impact on the gas
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FiGure 12: The erosion curve of the blade surface with different spraying distances. (a) The erosion curve of the blade surface with the
spraying distance of 300 mm. (b) The erosion curve of the blade surface with the spraying distance of 400 mm. (c) The erosion curve of the
blade surface with the spraying distance of 500 mm. (d) The erosion curve of the blade surface with the spraying distance of 600 mm.
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FIGURE 13: Average roughness curve with different spraying distances.

driving force. The decrease of driving force leads to the
decrease of the velocity of abrasive and the weakening of the
erosion effect of abrasive on the blade surface. At the same
time, the number of abrasives reaching the blade surface per
unit time decreases due to the increase of abrasive diameter.
Based on the above factors, the erosion rate decreases when
the abrasive diameter exceeds 0.4 mm.

Figure 16 shows the erosion curve of the blade surface
when the abrasive diameter is 0.2 mm, 0.3 mm, 0.4 mm, and

0.5 mm. It can be seen that erosion also mainly occurs at the
center of the jet. With the increase of abrasive diameter, the
maximum erosion rate and effective erosion area are in an
increasing state when the abrasive particle size is
0.2-0.4 mm. The maximum value is reached at 0.4 mm, the
maximum erosion rate is 0.458 x 10 >kg/m?® and the ef-
fective action area is 28.5 mm?. However, there was a decline
at 0.4-0.5 mm. Due to the increase of abrasive diameter, the
kinetic energy per unit abrasive increases, which can cause
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F1GURE 14: The shear force distribution on the blade surface with different abrasive diameters. (a) The shear force distribution on the blade
surface with the abrasive diameter of 0.2 mm. (b) The shear force distribution on the blade surface with the abrasive diameter of 0.3 mm.
(c) The shear force distribution on the blade surface with the abrasive diameter of 0.4 mm. (d) The shear force distribution on the blade

surface with the abrasive diameter of 0.5 mm.

greater erosion to the blade surface. However, the contin-
uous increase of abrasive diameter will increase the weight of
abrasive and reduce the number of abrasives acting on the
blade surface per unit time. At the same time, when the
airflow pressure is constant, the compressed gas does not
have enough pressure to increase its kinetic energy.

In order to compare the erosion of abrasives on the
blade surface more intuitively under different abrasive
diameters, the average roughness values corresponding to
eight abrasive diameters are measured and counted in the
simulation software. Finally, the curve is generated, see
Figure 17.

When the abrasive diameter is less than 0.4 mm, the
larger the abrasive diameter is, the higher the average
roughness value is. The larger the abrasive diameter is, the
more thrust the airflow can exert on the abrasives. Greater
thrust can fully accelerate the abrasive. When the abrasives
reach the jet surface, they have the highest kinetic energy.

When the abrasive diameter is more than 0.4 mm, with
the larger abrasive diameter, the average roughness value
decreases slowly. The average roughness value decreases
slowly. With a large abrasive diameter, although the airflow
has fully accelerated the abrasive, its own gravity reduces its
acceleration value in the later stage. The velocity of abrasive
decreases rapidly, and the kinetic energy of abrasive de-
creases, resulting in the reduction of erosion rate and
roughness at the same time.

5. Laboratory Test

In order to verify whether the optimal parameters of the
sandblasting process obtained from the simulation analysis
are accurate, a laboratory test is carried out. Finally, the
advantages of the optimal parameters compared with the
empirical process parameters currently used are explored
from the macro- and microperspectives. The measurement
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F1GURE 15: The erosion of the blade surface with different abrasive diameters. (a) The erosion of the blade surface with the abrasive diameter
of 0.2 mm. (b) The erosion of the blade surface with the abrasive diameter of 0.3 mm. (c) The erosion of the blade surface with the abrasive
diameter of 0.4 mm. (d) The erosion of the blade surface with the abrasive diameter of 0.5 mm.

division of the field test area is shown in Figure 18. The
working parameters of the sandblasting machine are shown
in Table 2. Observe the micromorphology of the specimens
after grinding. Then, spray paint and pull-out test are carried
out to compare the difference between sandblasting process
and manual grinding.

During the process of sandblasting, the spray gun is 90°
to the blade surface, and the sandblasting gun moves left and
right within 10cm at a speed of 0.1 m/s. The standard fol-
lowed is GB/T 1720-1979 determination of film adhesion.
After sandblasting, conduct a standard paint spraying op-
eration on the test region. Then, the adhesion of the paint
shall be verified and accurately recorded through the
standard tensile test.

After the sandblasting operation, the surface morphol-
ogy can be observed from the surface that the untreated wind
turbine blades are relatively smooth and have many smooth

mold marks left by post-curing. In contrast, the surface of
wind turbine blades after sandblasting is obviously rough,
and there are a large number of rough matte surfaces due to
sandblasting. The surface drawings of wind turbine blades
before and after sandblasting are shown in Figures 19(a) and
19(b), respectively.

In order to analyze the influence mechanism and impact
features of the grinding process on the blade surface in
detail, the treated blade surface of the specimens is observed
by the electron microscope, see Figure 20. Figure 20(a)
shows the specimen after manual grinding. Only resin
particles passing through the felt layer of the wind turbine
blade can be observed on the blade surface. It can be seen
that the degree of grinding in this area is low, which will lead
to a lower roughness. Figure 20(b) shows the specimen after
the sandblasting process. The fiber layer of the wind turbine
blade can be clearly seen on the blade surface, indicating that



16

0.5 -

0.4 -

0.3 4

0.2 4

DPM Erosion Rate (Oka)
(102 kg/m2)

0.1 4

0.0 ¥ T
-0.4

T T ' 1

-0.1 0.0 0.1 0.4

Position (m)

()
0.5-

0.4
0.34
0.2+

0.1+

DPM Erosion Rate (Oka)
(102 kg/m2)

0.0
-0.4

T T
-0.1 0.0 0.1 0.4
Position (m)

(c)

T T
-0.3  -0.2

0.5+

0.4 4

0.34

0.2+

DPM Erosion Rate (Oka)
(102 kg/m2)

0.14

0.0

Advances in Materials Science and Engineering

-0.4

0.5

0.4

0.34

0.2+

0.1

DPM Erosion Rate (Oka)
(102 kg/m2)

-0.1 0.0 0.1

Position (m)

(®)

-0.2 0.4

0.0

T T
-0.1 0.0 0.1 0.4

Position (m)

(d)

T
-0.2

F1GURE 16: The erosion curve of the blade surface with different abrasive diameters. (a) The erosion curve of the blade surface with the
abrasive diameter of 0.2 mm. (b) The erosion curve of the blade surface with the abrasive diameter of 0.3 mm. (c) The erosion curve of the
blade surface with the abrasive diameter of 0.4 mm. (d) The erosion curve of the blade surface with the abrasive diameter of 0.5 mm.

Average roughness (¢m)

10

0 T T T T T T T T
0.15 020 025 030 035 040 045 0.50 0.55 0.60

Abrasive diameters (mm)

FIGURE 17: Average roughness curve under different abrasive
diameters.

this part has a heavy sandblasting treatment, which will lead
to a higher roughness.

Conduct tensile tests on the specimens under the same

force level until the paint falls off. Then, collected test date
and paint failure details are shown in Figure 21.

The tensile strength of the manual ground wind turbine

blade surface is 7.68 MPa. The tensile strength of the wind
turbine blade surface after sandblasting process is 8.36 MPa.

FIGURE 18: Division of test region.

TaBLE 2: Main working parameters of sandblasting machine.
Name Value
Air volume 50 m*/min
Sand absorption capacity 3-8T/H
Maximum vacuum —-0.0667 Mpa
Sand loading 4000 kg
Working pressure 0.4-1.2 Mpa
Compressed air consumption >6m?®/min
Work efficiency >15m?/h
Spraying distance <24m
Abrasive diameter <0.8 mm




Advances in Materials Science and Engineering

17

(b)

FIGURE 19: (a). Blade surface before sandblasting. (b). Blade surface after sandblasting.
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F1GURE 20: Electron microscope of the specimens after grinding. (a) Electron microscope of the specimen after the manual grinding process.

(b) Electron microscope of the specimen after sandblasting process.

The sandblasting process can effectively improve the ad-
hesion of the coating. Stronger paint coating adhesion can
improve the ability of wind turbines to deal with severe
environmental erosion such as wind sand and seawater.

6. Discussion

The surface properties of the material ground through the
sandblasting process have been improved. And the sand-
blasting process will not affect the mechanical properties of
the sample itself. This conclusion is the same as that in
[17, 18]. More conclusions on blade grinding working pa-
rameters are as follows.

6.1. Optimum Blasting Pressure. In the range of 0.5-0.8 MPa,
the speed of airflow and the speed of abrasive reaching the
blade surface will increase with the increase of pressure. The
increase of abrasive velocity will change the action region of

forwarding pressure and tangential force of abrasive on the
blade surface. At the same time, the simulation shows that
the erosion effect of abrasive on the blade surface is mainly
caused by forwarding pressure and high-speed tangential
force. However, it can be seen from the erosion of the blade
surface that when it is lower than 0.7 MPa, the erosion rate
and average roughness value increase with the increase of
abrasive velocity. When the blasting pressure exceeds
0.7 MPa, the erosion rate and average roughness value begin
to decline with the increase of pressure.

In a certain range, the abrasive has higher kinetic energy
and the erosion effect is strengthened with the increase of
blasting pressure. When a certain pressure is exceeded, the flow
of compressed gas will affect the flow beam shape of abrasive,
which will lead to the convergence of flow beams and the
decline of erosion rate and average roughness. Through the
above analysis, it can be determined that 0.7 MPa is the best
blasting pressure in the pressure range of 0.5-0.8 MPa.
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F1GURE 21: The paint of the specimens after tensile tests. (a) The paint of the specimen after the manual grinding process. (b) The paint of the

specimen after sandblasting process.

6.2. Optimum Abrasive Diameter. When the abrasive di-
ameter is in the range of 0.2-0.4 mm, the abrasive velocity
continues to increase with the increase of abrasive diameter
under the same pressure and spraying distance, and the
erosion rate and average roughness increase at the same
time. The increase of abrasive diameter leads to the increase
of windward area, and the gas exerts a higher driving force
on the abrasive, making it have higher kinetic energy. In the
range of 0.4-0.5mm, the abrasive erosion speed, erosion
rate, and average roughness decrease with the increase of
abrasive diameter. Although the abrasive obtains a higher
driving force due to the increase of its diameter, the adding
of abrasive diameter increases its weight and reduces the
number of abrasives emitted per unit time. Therefore,
compressed air does not have enough pressure to increase
the kinetic energy of abrasive. Therefore, 0.4 mm is the best
abrasive particle size in the range of abrasive diameter of
0.2-0.5 mm.

6.3. Optimum Spraying Distance. In the range of spraying
distance of 300-600 mm, the gas velocity first increases
and then decreases rapidly with the increase of spraying
distance. From the shear stress distribution cloud dia-
gram, the region of the effective erosion rate increases
with the increase of spraying distance, and the maximum
value appears at 500 mm. However, the area of the ef-
fective erosion rate decreases in the process of
500-600 mm. Due to expansion, the compressed gas will
continue to accelerate within a certain distance from the
nozzle. However, the velocity of gas will decrease sig-
nificantly after accelerating to a certain distance with the
disappearance of the potential nucleus. The change of

compressed air velocity also leads to the change of
abrasive velocity. Finally, due to the decrease of abrasive
kinetic energy, the erosion effect of abrasive on the blade
surface decreases. Therefore, 500 mm is the best spraying
distance in the range of 30-600 mm.

7. Conclusion

In this study, blasting pressure, abrasive diameter, and
sandblasting distance are simulated with erosion rate and
average roughness as the main evaluation indexes. The
sandblasting erosion mechanism of the wind turbine blade
surface is analyzed and some conclusions can be drawn.

In the range of sandblasting pressure of 0.5-0.8 MPa,
spraying distance of 300-600 mm, and abrasive diameter of
0.2-0.5mm, the best combination of sandblasting param-
eters is sandblasting pressure of 0.7 MPa, the abrasive di-
ameter of 0.4 mm, and spraying distance of 500 mm.

The surface roughness of blades affects the reliability of
paint. Under appropriate working parameters, the reliability
of composite paint polished by sandblasting process is better
than that polished by manual.
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