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Abstract

Due to the high-efficiency, environmental protection, the low-cost, micro sandblasting technology is used in the surface
treatment of the coated tools. The simulation and application of the coated tool micro sandblasting are carried out to reveal
the surface treatment mechanism and analyze the influence of sandblasting parameters on the tool surface integrity. The flow
field erosion simulation model of abrasive water—air three-phase flow is established. Moreover, the cutting experiments are
conducted to verify the effect of micro sandblasting. The results show that the maximum velocity and pressure are obtained
at the center of jet flow. The pressure distribution on the target surface has little correlation with the distance to the nozzle.
The surface morphology of the AlTiN-coated tool changes obviously after micro sandblasting. Moreover, the low surface
roughness R, of the blasted tool can be obtained at the small sandblasting pressure and time. Additionally, the residual
compressive stress on the surface of the AlITiN-coated tool is enhanced after micro sandblasting. The longer cutting time of
the AITiN-coated tool can be obtained at the sandblasting pressure of 0.3 MPa and sandblasting time of 3 s. This work has

practical significance for optimizing micro sandblasting process and improving the surface integrity of coated tools.
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1 Introduction

With the development of the modern manufacturing indus-
try, the demand for reworking metal workpiece is increasing.
Cutting tools play an important role in it, especially in hard
to machine materials. The tool wear is particularly promi-
nent. And the renewal frequency of new tool is increased.
So, the cutting cost is increased [1]. To solve such prob-
lems, most factories use coated tools. The service life of the
coated tool is longer than that of the ordinary tool. And the
machined surface quality is improved effectively. But the
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coated tool with high properties will be more expensive. Due
to the significant performance improvement, high-efficiency,
low cost, and other advantages, the surface treatment tech-
nology is used in the cutting tools. At present, more com-
monly used surface treatment technologies are mechanical
treatment (e.g., sandblasting, grinding, finishing, polish-
ing) and heat treatment (e.g., high energy beam, heat, cryo-
genic) [2-5]. As one of the surface treatment technologies,
the micro sandblasting has been widely used in the surface
treatment of coated tools, because of its advantages of sim-
ple operation, high-efficiency, safety and pollution-free, and
high improvement of cutting performance.

Micro sandblasting is an unconventional subtractive
micro-manufacturing technology, which is developed from
abrasive jet machining. It is reported that the micro sand-
blasting process is suitable for treating of some small size
workpiece [6], especially for the surface treatment of coated
tools. In the wet-type micro sandblasting process, the high-
pressure gas is used to push the mixture of abrasive and
water to hit the coated tool surface. The size of abrasive is
usually measured in microns (5-100 pm). The commonly
used abrasive materials mainly include Al,O5, AlSi, ZrO,,
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Si0,, etc. The sandblasting pressure is 0.1-0.5 MPa, and
the sandblasting time is 1-10 s [7]. The impact strengthen-
ing effect of abrasive material can strengthen the cohesive
strength between coating and substrate.

Micro sandblasting has an important influence on the sur-
face properties, cutting performance, and wear resistance
of coated tools. The influences of abrasive particles (Al,O;
and ZnO,) on the hardness and brittleness of coated carbide
inserts, tool geometry, and tool life are investigated [8]. They
found that micro sandblasting can improve the cutting per-
formance of coated tools. Additionally, micro sandblasting
could increase the compressive stress of the coating surface
[9]. At the same time, the hardness and brittleness of coat-
ing are improved. It is proposed that the micro sandblast-
ing could not only improve the cutting performance, but
also improve the tribological performance and adhesion of
the coating [10]. During high-speed milling of AISI 4140
(42CrMo4) steel with treated carbide tool, the micro sand-
blasting can improve the fracture resistance of the carbide
tool [11]. While the surface integrity of TiAIN coating is
improved after reasonable surface micro sandblasting, the
wear resistance of the treated tool is also greatly enhanced
when dry turning of Ti6Al4V at high speed [12]. The micro
sandblasting is used to treat the CrN-coated samples [13]. It
is found that the micro sandblasting process does not have
a negative effect on the hardness, adhesion strength, and
fatigue resistance of the coated samples. The effect of dry
micro sandblasting on the fracture resistance of the PVD-
AlTiN-coated carbide cutting tools is also studied [14]. The
results show that micro sandblasting can prevent the coating
lamination and improve the wear resistance. Other research-
ers also found that micro sandblasting can improve the life
of coated tools [15]. Compared with the commercial tools
on the market today, the tool life of the treated tool is three
times longer [16]. Compared with the coated tool without
any treatment, the hardness of the AITiN coating is increased
after micro sandblasting [7]. According to the appropriate
wet micro sandblasting process parameters, CVD-coated
tools with good wear resistance can be prepared [16]. The
effect of sandblasting on the tribological properties of TiN/
MT-TiCN/AL,O;/TiCNO coating is investigated [17]. The
micro sandblasting can improve the adhesion of the coating
and reduce the appearance of microcracks on the coating
surface. It is pointed that the micro sandblasting plays an
important role in improving the wear resistance of coat-
ing [17]. It is also addressed that micro sandblasting can
improve the wear resistance of TiN coating [18]. Addition-
ally, the micro sandblasting can improve the residual com-
pressive stress, reduce the production of microcracks, and
increase the fatigue life of the tool [19-21].

The micro sandblasting process is a complex process that
the mixture of abrasive and water reaches the tool surface
through an air medium [22]. It is difficult to observe the
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distribution state of the jet in the flow field and analyze the
stress change of the treated surface effectively. With the
development of computational fluid dynamics, the complex
motion of incompressible fluid can be simulated by using
technical software [23]. In this work, FLUENT simulation
software is used to simulate the process of high-pressure jet
impinging on the tool surface. At the same time, the simu-
lation process is verified by micro sandblasting test. The
changes in surface morphology and physical properties of
the blasted coated tool are studied. The cutting life of the
treated tools is also investigated. This research is helpful
to set the parameters of tool surface treatment and improve
machining efficiency. It can provide some technical refer-
ence and guidance for tool post-processing.

2 Material and methods
2.1 Jet structure model
Figure 1a shows the schematic diagram of micro-abrasive

water jet. The high-pressure gas pushes the mixture of
abrasive and water through the venturi into the nozzle.

basic
stage |

initial
stage |

dissipation
stage |

a mixture of
abrasive and water

jet exit water mist area

@

external field area

target surface
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(b)

Fig. 1 Schematic diagram of a micro-abrasive water jet and b flow
field simulation grid division
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And then, the micro-abrasive water jet enters the flow
field from the nozzle to reach the target surface. This
process is divided into three stages: initial stage, basic
stage, and dissipative stage.

In the initial stage, the jet leaves the nozzle and enters
the flow field area. The jet formed by abrasive and water
have exchange energy with the air medium. The jet flow
at the nozzle is in a tight convergence state. At this point,
the maximum of the velocity and pressure is obtained
at the center of jet flow. With the increase of axial dis-
tance (away from the nozzle), the pressure and velocity
show a downward trend. In the basic stage, the jet kinetic
energy is further consumed. The radial section pressure
of jet decreases gradually from the center to the outside.
With the increase of axial distance, the velocity and radial
pressure continue to show a downward trend, which is
like hyperbola. In the dissipation stage, a large amount of
air is mixed in the jet and distributed as mist. Currently,
the jet pressure and velocity are minimal. The energy
exchange between the jet and the environment reaches a
balanced state.

2.2 3D model of flow field

As shown in Fig. 1b, the pre-processing software ICEM
under ANSYS is used. The three-dimensional model of
simulated flow field is established and meshed. After
the boundary condition encryption, 942,213 grids are
divided. The grid quality is above 0.355. The high-quality
grid can meet the requirements of flow field simulation
operation.

The nozzle adopts pressure inlet boundary condition.
The pressure of outlet is one standard atmosphere. The
Eulerian model is selected for the multiphase flow model.
The solver selection is based on the pressure solver. The
SIMPLE pressure velocity coupling method is adopted.
The simulation phase is provided with three phases,
namely gas, liquid, and solid. The solid phase is Al,O,
or ZrO, with average grain size of about 26 um. Water
is the main phase. The weight ratio of spray to water is
1:5. The diameter of the nozzle is 10 mm, and the length
of the nozzle is 60 mm. The nozzle contraction angle a
is 25°, and the aspect ratio L/D is 6. The initial flow rate
is changed with the jet pressure. The turbulence model is
standard K-Epsilon. The target surface is 300 mm away
from the nozzle exit.

The basic process of simulation is as follows. The
high-pressure jet, which is formed by solid particles and
water, enters the flow field through the nozzle. Then, the
jet impinges on the target surface through the air medium
through the flow field. The impact of the abrasive material
on the tool surface during micro sandblasting is simulated.

2.3 Micro sandblasting

A wet-type micro sandblasting machine is used in the test.
The type of micro sandblasting is 9080-2 W-ZSK (China).
The experimental design of wet micro sandblasting pro-
cess is shown in Fig. 2. The micro sandblasting machine
is mainly composed of a sandblasting room, control panel,
gun assembly, workpiece fixture, pressure regulating system,
and so on. The specific parameters of the abrasive materials
(Al,O5 and ZrO,) are shown in Table 1. The blasting angle
shall be 90° (vertical injection). The sandblasting method is
automatic sandblasting. The installation and clamping mode
of the insert is shown in Fig. 2b. The coated insert with
AITiN coating is used for micro sandblasting treatment.

=W pressure tank

= visible window —*

power switch

operating position

(b)

Fig.2 Experimental design of wet micro sandblasting process. a
Equipment and b fixture
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Table 1 Specific parameters of the abrasive materials

Table 3 Mechanical properties of GH2132

Parameter ALO4 Zr0,
Particle size 26 pm 26 pm
Geometrical shape Polygonal Globular
Vickers hardness (HV) 2400 1300
Density (g.cm™) 3.6 5.89
Elastic modulus (GPa) 420 300
Yield strength (GPa) 4.8 4
Ultimate strength (GPa) 7 6

Single factor method is adopted to carry out the test.
Three test factors are selected with the following param-
eters: abrasive type of Al,O; and ZrO,; sandblasting pres-
sure p=0, 0.1, 0.3, and 0.5 MPa; and sandblasting time =0,
1,3,5,and 7 s.

2.4 Cutting experiment

The carbide-coated inserts are produced by Kennametal
Company. The coating material is AITiN, and the brand is
KC522M. The tool model of KC522M is EDCT10T304P-
DER. The hardness of coating is about 1250 HV. The test
results show that the geometric parameters of the insert
basically do not change before and after the sandblasting.
Therefore, the influence of tool geometric parameters is
not considered in the work. The geometric parameters of
the insert are shown in Table 2. The indexable end milling
cutter produced by Kenner Company was used in the cut-
ting test. The tool rod diameter is 20 mm, and the model is
20A03R028A20ED10. The workpiece material is an iron
base superalloy GH2132. Table 3 shows the mechanical
properties of GH2132.

2.5 Test methods
After micro sandblasting, a variety of instruments are used

to detect the treated tool. Firstly, ultrasonic cleaning instru-
ment is used to clean the treated tool. Then, Quanta250

Table 2 Geometric parameters of the insert KC522M

Model EDCTI10T-
304PDER

Rake angle y, (°) 8°

Clearance angle «a, (°) 15°

Inclination angle 4, (°) 15°

Insert length L (mm) 12.05

Insert thickness S (mm) 3.75

Insert width W (mm) 6.75

Corner radius r, (mm) 0.40
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Heat Tensile Yield Elongation Hardness

treatment strength strength 6 (%) HRC

mode o, (MPa) o, (MPa)

Solid solution 930 590 15 361
treatment

scanning electron microscope (SEM) is used to observe the
surface morphology of the treated tool. An optical profiler
(model: WYKO NT9300, Germany) is used to measure the
surface roughness R,. In this work, the surface roughness R,
is taken as the average value of five measurements. In addi-
tion, X-ray stress analyzer (model: X-3000, Finland) is used
to detect the tool surface residual stress. The measured aver-
age value of residual stress is selected in the work. The tool
failure standard set to the average flank wear VB =0.3 mm.
The flank wear band width was measured by an USB200
tool microscope.

3 Results and discussion
3.1 Flow field erosion simulation analysis
3.1.1 Pressure and velocity of flow field

Figure 3 shows the pressure cloud map and velocity cloud
diagram of the flow field at pressure of 0.3 MPa with Al,O;
solid phase. As can be seen in Fig. 3a, the water flow enters
the flow field from the pressure inlet. When the jet enters the
nozzle, the pressure increases sharply, due to the contrac-
tion of the inner diameter of the pipe. At the nozzle, outlet
pressure reaches the maximum value and tends to be stable.
When the jet enters the external flow field (standard atmos-
pheric pressure), the maximum jet pressure is presented in
the axial direction. And the pressure distribution spreads out
in a “trumpet” shape. As can be seen in Fig. 3b, the veloc-
ity reaches its maximum at the jet axis, and the jet velocity
presents a scattering state. When the jet enters the external
field, the kinetic energy of the jet is gradually affected by
air resistance. So, the velocity distribution decreases in the
axial and radial direction. When the efflux reaches the tar-
get surface through the external flow field, the jet has been
blocked by the target surface. So, the minimum of velocity
is in the direction of axial and diameter.

Figure 4 shows the variation of pressure and velocity
along x axial coordinate, from which can be seen that the
same drop law of the jet in the flow field is displayed at
different pressures. With the increase of axial distance, the
pressure presents a trend of decrease (Fig. 4a). When the
jet enters the flow field, it will exchange energy and poten-
tial energy with air. The conversion time between potential
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Fig.3 a Pressure and b velocity
cloud map of the flow field at
pressure of 0.3 MPa with Al,O;
solid phase

2.28e+05
2.23e+05
1.74e+05
1.24¢+05

7.45¢+04

4.97e+04

2.48¢+04
pressure: Pa

2.16e+01
1.95¢+01
1.51e+01
1.08e+01

6.49e+00

4.33e+00

2.16¢+00

velocity: m/s

energy is longer with the distance from the nozzle, which
leads to the lower pressure at the axis. At any position in the
flow field, however, the jet pressure at the axis always keeps
at the maximum value of the radial interface (Fig. 3a). As
can be seen in Fig. 4b, the velocity at the nozzle is 26 m/s,
23 m/s, and 12.5 m/s when the jet pressure is 0.5 MPa,
0.3 MPa, and 0.1 MPa, respectively. With the increase of
x axial distance, the velocity tends to decrease. With the
contact between the jet and the target surface, the velocity
decreases sharply. As the jet enters the flow field area, the
velocity reaches its maximum. With the increase of x axial
distance, the kinetic energy gradually exchanges energy
with air. And the velocity gradually decreases. The kinetic
energy is converted into potential energy, when the mixture
of abrasive and water hits the target surface. Thus, the veloc-
ity decreases sharply.

To sum up, with the increase of the distance from the
nozzle, the jet pressure and velocity all show a downward

(@)

(b)

trend. However, the high pressure of the jet does not indi-
cate the enhancement of the tool surface performance. So,
the specific parameter setting needs to be adjusted flexibly
according to the actual situation.

3.1.2 Pressure and stress of target surface

Figure 5 shows the pressure cloud map of target surface
(x=300 mm). The closer to the center of the target surface
is, the greater the pressure is. The pressure away from the
center gradually decreases until it disappears. The pressure
cloud map presents a symmetric distribution of the center.
Although sandblasting pressures are different, the same
distribution is presented on the target surface. By contrast,
the higher the sandblasting pressure is, the more concen-
trated the jets are. Because of the scattering of the jet beam,
the area of the center circle is larger when the jet impinges
on the target surface. Therefore, the pressure on the target
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Fig.4 Variation of a pressure and b velocity along x axial coordinate
(y=0, z=0, solid phase is Al,O3)

surface decreases with the reduce of sandblasting pressure.
The jet beam scatters, and the target pressure decrease from
the center to the edge until it disappears.

Figure 6 shows the shear stress cloud map of target sur-
face (x=300 mm). The shear stress around the center area
is greater than that at the center point. The farther it is from
the center of the target plane, the shear stress decreases and
disappears. In the actual sandblasting process, the micro-
abrasive jet generates shear stress on the target surface. It
can not only remove impurity particles on the tool surface,
but also improve the surface roughness.

Figure 7 shows the variation of pressure and shear stress
along y axial coordinate. The highest pressure is obtained at
the center of target surface (Fig. 7a). The pressure at the edge
of the target is the lowest and approaches zero. The pressure
of jet impinging on the target surface is similar at different
sandblasting pressures. The pressure is distributed sym-
metrically from the center to the edge of the target surface.
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Fig.5 Pressure cloud map of target surface (x=300 mm) at a
p=0.1 MPa, b p=0.3 MPa, and ¢ p=0.5 MPa

And the pressure curve presents Gaussian normal distribu-
tion curve. With the increase of sandblasting pressure, the
pressure on the center of the target surface is higher. So, it
is suggested that the coated tool should be put in the center
of the jet to avoid uneven pressure when jet impinges on tool
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Fig.6 Shear stress cloud map of target surface (x=300 mm) at a
p=0.1 MPa, b p=0.3 MPa, and ¢ p=0.5 MPa

surface in the sandblasting process. As can be seen from
Fig. 7b, the similar shear stress distribution is presented at
different sandblasting pressure, showing a similar “hump”
downward trend. The maximum shear stress is not located
at the center of the target plane. In a small area around the
center of the target plane, the shear stress roughly presents
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Fig. 7 Variation of a pressure and b shear stress along y axial coordi-
nate (x=300, z=0, solid phase is Al,O5)

the distribution of the high edge bottom of the center, which
is different from the distribution of the stress on the target
plane. During the simulation, the target surface is set as an
ideal smooth surface with zero initial stress. Therefore, the
pressure or shear stress of target surface is low (< 0.5 MPa)
in Figs. 4,5, 6, and 7.

Figure 8 shows the spray distribution cloud map at
x=100 mm and x =300 mm. It can be observed that the
distribution state of the spray near the nozzle is also sym-
metrical in the center at x=100 mm (Fig. 8a). Because the
jets are relatively concentrated, the injected material is not
completely distributed at x=100 mm. The area near the
center produces a partial cavity, which results from the fast-
injected material in the central area and mixed with some
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Fig.8 Spray distribution cloud map at a x=100 mm and b
x=300 mm

air. As can be seen from Fig. 8b, the spraying material cov-
ers the entire target surface at x =300 mm. When the spray
material reaches the target surface, the abrasives exchange
energy with air. The kinetic energy of the spraying mate-
rial is reduced. And the spraying material impacts the target
surface in the form of fog. The high area of spray on the
target surface is obtained away from the nozzle. The distri-
bution area of the spray decreases with the increase of radial
distance. It is suggested that the blasting distance should
be controlled reasonably. If it is too close to the nozzle, it
causes uneven sandblasting on the tool surface. On the other
hand, there is no sandblasting effect at the edge of the tool.
If it is too far from the nozzle, the pressure of the injection
material on the tool surface will be too small. This is not be
able to get the effect of micro sandblasting.

According to the simulation analysis of the pressure
and velocity flow field, the flow field erosion model can
indirectly simulate the impact of jet on the tool surface.
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Fig.9 Effect of abrasive on surface morphology of coated tool at
t=5sand p=0.3 MPa. a ZrO, and b Al,0;

Reasonable prediction and analysis are made on the influ-
ence of the tool surface. It can provide a reference for the
parameter design of micro sandblasting.

3.2 Surface integrity of the coated tool
3.2.1 Surface morphology

Figure 9 shows the effect of abrasive on surface morphology
of coated tool at t=5 s and p=0.3 MPa. The jet is com-
posed of ZrO, abrasive and water impinges on the coated
tool surface under the push of high-pressure gas (Fig. 9a).
The shear stress generated by the jet can remove impurity
particles from the coating surface. The white areas are tiny
pits left by the impact of the ZrO, abrasive (Fig. 9a). As
shown in Fig. 9b, the area of white area and the pits on the
tool surface are increased, which is caused by the difference
in the shape of the Al,O; abrasive. ZrO, injection material
is spherical structure, while Al,O; is irregular polygonal.
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When an irregular prism strikes the surface of the coating,
the shape of the abrasive itself will break again, which pro-
duce more sharp abrasive. Thus, the sandblasting effect on
the coating surface is enhanced. It also leads to an increase
in surface roughness. Therefore, Al,O; is more erosive to
coatings, which also contributes to a higher removal rate of
the coating.

Figure 10 shows the effect of sandblasting pressure and
time on surface morphology of coated tool with abrasive of
Al,O5. At t=3 s, the tiny pits (white areas) appear on the
coating surface (Fig. 10b). This is the mark left by the abra-
sive material hitting the coating surface. At t=35 s, the coat-
ing coverage of the tool base layer decreases obviously, and
parts of the tool substrate are exposed (Fig. 10c), compared
with the untreated coating surface (Fig. 10a). At t>7 s, the
blasting particles impact the coating for a long time. The

Fig. 10 Effect of sandblasting
pressure and time on surface
morphology of coated tool with
abrasive of Al,0;

untreated

coating disappears completely, and parts of the tool sub-
strate are exposed (Fig. 10d). Therefore, the extension of
sandblasting blasting time can cause part of the tool coating
to fall off. Then, the tool performance will degrade. At the
same time, the thermal protection performance of the coated
tool also disappears. During cutting process, the abrasion
degree of the tool increases, and the tool life decreases.
Additionally, at p=0.1 MPa, the particle morphology
of the coated tool surface significantly disappears and the
surface becomes smoother (Fig. 10e), compared with the
untreated coating surface (Fig. 10a). When the sandblast-
ing pressure increases to 0.5 MPa (Fig. 10f), the impact of
abrasive increases the shedding area of coating. Some parts
of the tool substrate leak out. The thermal barrier function
of the coating is destroyed, and coating surface defects are
correspondingly increased. Just as the simulation results,
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the higher sandblasting pressure can give a strong impact
pressure on the tool surface (Figs. 5 and 7). And the shear
stress on the tool surface by jet flow is also large (Figs. 6
and 7). If the sandblasting pressure is too low, the impurity
particles on the tool surface cannot be removed. It will not
have any effect on the tool surface. However, the excessive
sandblasting pressure can lead to a strong jet flow, which can
produce a large shear stress. It not only affects the cutting
performance of the tool, but also reduces its service life.
Therefore, the even surface morphology of the treated
coated tool can be obtained at sandblasting pressure
p=0.1~0.3 MPa and sandblasting time r=3~5s.

3.2.2 Surface roughness

Figure 11 shows the effect of sandblasting parameters on
surface roughness R,. Under the same micro sandblasting
condition, the surface roughness R, of the coated tool after
sandblasting by Al,O abrasive is 0.423 pm (Fig. 11a),
which is higher than that of the untreated tool (R,=0.246).
On the other hand, after ZrO, micro sandblasting, the sur-
face roughness R, is 0.187 pm, which is lower than that
of the untreated tool (R,=0.246). ZrO, spray has spherical
structure, while Al,O5 spray has irregular prismatic struc-
ture. The surface roughness R, of the tool treated by Al,O;
is higher than that treated by ZrO,. Al,O; spray has sharp
edges and corners. When irregular edges hit the coating sur-
face, the spray will break again and create more edges. This
results in increased roughness of the tool surface. It is veri-
fied that Al,O; abrasive has a stronger impact on the coating.

As can be seen from Fig. 11b, with the increase of sand-
blasting pressure, the surface roughness R, presents a rising
trend. As the sandblast pressure increases, the impact force
of the abrasive against the tool surface is improved. When
the abrasive hits the tool surface, the solid impurities will
be removed from the tool surface. However, the sharp edges
and corners of Al,Oj; itself can damage the coating surface.
Part of the coating is detached from the tool substrate. This
results in a larger value of the surface roughness R,. The
surface roughness R, is 0.528 pm at p =0.5 MPa. The reason
for the increase of surface roughness R, is the coating fall-
ing off. Therefore, a suitable pressure range can avoid the
erosion of coating.

As shown in Fig. 11c, the minimum surface roughness
R, is obtained at =1 s with the abrasive material of Al,Os,
while it is obtained at t="7 s with the abrasive material of
ZrO,. The sharp part of Al,O; abrasive causes the impurity
particles on the coating surface to be removed firstatt=1s.
So the surface roughness is reduced. At t=3 s, the Al,0;
abrasive hitting the coating surface will produce large pits,
increasing surface roughness. When the sandblasting time
exceeds 3 s, the coating removal rate and the number of shallow
surface pits are enhanced. Therefore, the surface roughness
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R, is decreased, and the coating surface becomes smoother.
On the other hand, with the extension of sandblasting time,
the surface roughness R, shows a decreasing trend when
ZrO, abrasive is used. Only small pits are induced by ZrO,
abrasive. The deposition particles and defects on the coating
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surface are eliminated. The surface becomes smoother, and
the surface roughness R, is decreased.

Therefore, the high surface roughness R, can be contrib-
uted by Al,O; abrasive at high sandblasting pressure and
long sandblasting time.

3.2.3 Surface residual stress

Figure 12 shows the effect of sandblasting parameters on
residual stress. The initial residual stress on the tool surface
without micro sandblasting is —667 MPa, which is induced
by manufacturing process. In the process of micro sand-
blasting, the jet composed of abrasive and water continu-
ously impinges on the tool surface. The previous simulation
results show that the high-pressure jet will have a strong
impact force on the tool surface. The residual stress level
on the coated tool surface is enhanced accordingly. On the
other hand, the sandblasting process cannot only remove the
impurities on the tool surface, but also enhance the surface
compactness. When the injection time is prolonged or the
sandblasting pressure is increased, the residual stress on the
tool surface is increased again. So, the residual stress of
the tool itself combined with the residual stress after sand-
blasting will result in the final residual stress greater than
300 MPa.

As can be seen in Fig. 12a, the residual stress on the
tool surface treated by Al,O; is—864 MPa, increasing
by about 29.5% compared with that of the untreated tool
(6,=—667 MPa). After ZrO, treatment, the tool surface
residual stress o, is —748 MPa, which is increased by 12.1%.
The residual stress on the tool surface treated by Al,O; is
higher than that treated by ZrO,. This is mainly contributed
by the sharp edges and corners of the Al,O; spray. The sharp
multi-angle edge particles impact the tool surface, which has
a strengthening effect on the coating. Therefore, Al,O5 has
stronger erosion ability on coating than ZrO,. During high-
speed cutting process, the higher residual compressive stress
can inhibit the formation of microcracks on the tool surface.
Thus, the cutting performance of the tool can be improved.

As can be seen in Fig. 12b, with the increase of sand-
blasting pressure, the compressive stress (absolute value)
presents a trend of first increasing and then decreasing. The
impact of jet beam is not only conducive to the removal of
impurity particles on the tool surface, but also can increase
the residual stress on the tool surface. The greater the jet
pressure is, the greater the impact strength on the tool sur-
face will be. So, the highest residual stress (absolute value)
is obtained at p =0.3 MPa. Once the sandblasting pressure
exceeds 0.3 MPa, the strong jet pressure accompanied
by the spray particles can remove part of the tool coating
material. The reduction of coating thickness can cause part
of the coating to fall off from substrate. Thus, the surface
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Fig. 12 Effect of sandblasting parameters on residual stress, a t=5 s
and p=0.3 MPa, b Al,O; and =5 s, and ¢ p=0.3 MPa

residual compressive stress (absolute value) is reduced at
p=0.5 MPa.

As can be seen in Fig. 12¢, with the extension of sand-
blasting time, the residual compressive stress (absolute
value) on the tool surface is enhanced. The abrasive particles
are constantly bumping into the coating surface. The impact
on the tool surface is stronger due to the Al,O; abrasive
with sharp shape. The surface residual compressive stress
(absolute value) is significantly increased.
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According to the above results, the high level of sur-
face integrity (e.g., low surface roughness R,, even surface
morphology and high residual compressive stress (absolute
value)) for the AlTiN-coated tool can result from sand-
blasting pressure p=0.1~0.3 MPa and sandblasting time
t=3-5 s with Al,O; abrasive.

3.3 Cutting performance of coated tools

The effect of sandblasting parameters on tool life is exhib-
ited in Fig. 13. Compared with the untreated tool life
(10.9 min), the tool life (16.5 min) of coated tool after treat-
ing of p=0.2 MPa and r=2 s is improved by about 50%
at v,= 180 m/min, while the tool life (21.8 min) of coated
tool after treating of p =0.3 MPa and =3 s is improved by
about 100%. On the other hand, at v,= 120 m/min, the tool
life (18.3 min) of coated tool after treating of p=0.2 MPa
and t=2 s is improved by about 22%, while the tool life
(20.1 min) of coated tool after treating of p =0.3 MPa and
t=3 s is improved by about 33% (Fig. 13a), compared with
the untreated tool life (15 min).

With the increase of sandblasting pressure, the tool
life first increases and then decreases (Fig. 13b). At
p=0.1~0.3 MPa, the impurity particles are removed from
the coating surface. The high residual stress (absolute value)
induced by the sandblasting pressure at p=0.1~0.3 MPa
(Fig. 12) leads to the improvement of tool surface perfor-
mance. At p > 0.3 MPa, the excessive sandblasting pressure
can destroy the tool coating, which can result in weakening
the surface integrity and reducing the tool life. So, the suit-
able micro sandblasting treatment can prolong the service
life of the tool. As shown in Fig. 13c, the tool life tends to
decrease with the increase of sandblasting time. The residual
compressive stress introduced by micro sandblasting helps to
reduce the generation of microcracks in the cutting process.
The longtime jet impact can reduce the thickness of the tool
coating. It may even expose the substrate of the coating tool.
So, longtime spray impact is not conducive to tool surface
strengthening and affect tool life.

At the same cutting parameters, the tool life of the blasted
tool is higher than that without sandblasting. When the sand-
blasting parameters are different, the tool life improvement

Fig. 13 Effect of sandblast- 30
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level is different. The higher tool life can be achieved for the
AITiN coated tool at p=0.3 MPa and r=3 s.

The coating thickness, hardness, and adhesive strength
are also important indicators of surface integrity. The
research shows that the film thickness may decrease due
to the abrasion phenomena activated after micro-blasting
process [9]. The flank wear VB decreases with the improve-
ment of dimensionless thickness. However, it becomes a
small constant when the ratio increases to a certain level
[24]. Additionally, the adhesive strength of coating is obvi-
ously enhanced by the sandblasting pretreatment [25]. In
this work, the research on the surface integrity of the coat-
ing focuses on the surface roughness and residual stress.
The influence of coating thickness and adhesive strength
is mainly shown by the cutting test results. In addition, the
hardness of coating is about 1250 HV, which is changed lit-
tle before and after sandblasting. In the future work, we will
focus on the research of coating thickness, adhesive strength,
and hardness.

4 Conclusion

1. When the jet enters the external flow field (standard
atmospheric pressure), the maximum of the velocity
and pressure is obtained at the center of jet flow. The
pressure and the shear stress on the target surface are
decreased from the center to edge until it disappears.
The shear stress around the center area of the target sur-
face is larger than the shear stress at the center point.

2. With the extension of micro sandblasting time, the depo-
sition particles and defects on the coating surface are
eliminated. And the surface roughness R, is reduced.
Under the same sandblasting parameters, the residual
compressive stress on the tool surface is increased to a
higher level when Al,O; abrasive is used.

3. For the AITiN coated tool, the high level of sur-
face integrity can be caused by Al,O; abrasive at
p=0.1~0.3 MPa and t=3-5s.

4. At the same cutting parameters, the tool life of the
blasted tool is higher than that without sandblasting. The
higher tool life can be achieved for the AlTiN-coated
tool at p=0.3 MPaand r=3 s.
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