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Abstract
In the micro cutting process of SiCp/Al composites, the tool wear is serious due to the existence of
reinforcement phase in the material, which greatly affects the machined surface integrity. In order to
reduce the friction and adhesion at the tool-chip interface, fabricating micro texture on the tool surface
could be a feasible solution. This work focuses on the study of the cutting performance of the textured
cutting tools through micro cutting of SiCp/Al composites. The experiments were carried out using NTK-
KM1CCGW060202H uncoated cemented carbide tools with micro-hole textures developed by pulsed �ber
laser. The results indicate that the micro-textured tools can reduce the wear, sticking and the contact
length between the tool-chip. Also, the surface quality can be improved. It is observed from the chip’s
surface that the micro-textured tool can produce secondary cutting when machining SiCp/Al composite
materials, the smaller the texture spacing, the more obvious the secondary cutting phenomenon.
Furthermore, the cutting forces can be reduced using the micro-textured tool in most cases. However,
when the texture spacing is too small the cutting force does not decrease. Finally, the surface roughness
and surface residual stress of the machined workpiece are investigated. Textured tools have better
results.

1 Introduction
The SiCp/Al composite material is mainly composed of aluminum alloy as the matrix and SiC particles
as the reinforcing phase. Because of the special physical properties of this material, including high
strength-to-weight ratio, high hardness, low thermal expansion coe�cient, high thermal conductivity, and
high corrosion resistance and wear resistance it has been widely used in in aerospace, automotive,
electronics, medical, optical instruments and other �elds[1–6]. The cutting process of SiCp/Al composite is
pretty complicated. Due to the large elastoplasticity of the aluminum matrix and the large hardness of
SiC particles, the tool wear is more quickly. For the better application of the SiCp/Al composite material
under a harsh working condition, the machining problem of this material must be solved[7]. At the high
speed and with large feed rate in the cutting process, large friction between the tool-chip could occurs,
which may increase the wear of the tool. Micro-textured tools can improve the tool’s performance and
reduce the frictional contact state between the workpieces and tools, thereby reducing the cutting force,
the cutting temperature and the tool wear, which are of great signi�cance for improving tool life and the
quality of the machined surface[8–10].

The Deng Jianxin team of Shandong University in China conducted a large number of experiments and
theoretical explorations on the cutting performance of micro-textured tools and the lubrication
performance of the surface of micro-textured tools. Liu et al[11] produced textures with different
parameters on the �ank face of cemented carbide tools, and further studied the wear resistance and
machining surface quality of micro-textured tools. They found that the �ank face of the tool has textures,
the wear resistance and surface machining quality are more excellent. Among them, the tool parameters
with good cutting performance were: the groove width was 75 µm, the texture groove spacing was 100
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µm, and the distance between the texture groove and the main cutting edge was 75 µm. Zhang et al[12]

used laser technology to prepare a sinusoidal groove micro-texture on the surface of cemented carbide,
they performed a linear reciprocating friction and wear test on the surface of the micro-textured cemented
carbide performance research. The results showed that the surface of the sinusoidal micro-textured
sample has the best anti-friction performance under the conditions of high load, high sliding speed at
adding grease. Wu et al[13] used �nite element method to simulate the cutting process of micro-textured
tool cutting Ti-6Al-4V alloy, and carried out experimental veri�cation. The results show that micro-textured
tools can reduce cutting temperature, cutting force, and tool-chip contact length. At the same time, the
micro-textured tool is easier to break the chips. In addition, compared with the rectangular cross-section
groove, the V-shaped cross-section groove can reduce the severity of secondary cutting.

In addition, Zheng et al[14] studied the cutting performance of micro-textured tools for cutting Ti-6Al-4V
Titanium Alloy. They selected YG8 tools and studied the cutting performance of four tools, namely non-
microtexture tools, line texture tools, sinusoidal deformation tools and diamond texture tools. Among
them, the groove width of the micro-textured tool is 159.599 µm and the groove depth is 14.59 µm.
Among them, the sinusoidal deformation tool has the best cutting effect under different cutting
parameters, which can reduce the cutting force and surface roughness, and it also can extend the tool
life.

Feng et al.[15–16] conducted cutting experiments on AISI 1045 steel based on micro-textured tools with
transverse micro-texture morphology. The dimensions of the microtexture are as follows: 0.2 mm from
the main cutting edge, 0.1mm spacing, 0.1 mm width, and 0.1 mm depth. By designing different
positions, spacings and widths of micro-textures, the tool is �nally obtained with the best cutting
performance. They found that the secondary cutting phenomenon is not obvious with the groove width
increasing, and the width of the micro-textured groove and the cutting speed were the key factors that
affect the secondary cutting during the cutting process. They also selected the best parameters of three
texture tools for cutting experiments on AISI1045 steel at different cutting speeds. The cutting force,
cutting temperature, workpiece surface roughness and tool wear were measured. The results show that,
compared with traditional tools, textured tools reduce cutting force, cutting temperature, tool wear
signi�cantly and workpiece roughness have been improved. Vasumathy et al.[17] studied the friction of
the tool-chip interface and the adhesion of the chip of AISI316 austenitic stainless steel during the cutting
process, and they found that the micro-textured tool can reduce the adhesion and cutting force of the
tool-chip. And this type of tool can minimize the friction between the tool and the chip interface. In order
to study the effect of surface texture on Si3N4/TiC ceramics, Xing et al.[18–19] used a laser to prepare
regularly arranged micro-grooves on the surface of Si3N4/TiC ceramics. In addition, the tribological
properties of the textured sample and the smooth sample were studied, and the results showed that
compared with the smooth surface, the textured surface can reduce the friction coe�cient and improve
the wear resistance of the material. And they found that the tribological properties depend on the size and
density of the micro grooves largely. In order to improve the friction and anti-stiking of the tool rake face
in the dry cutting of aluminum alloy, they created three laser surface textures on the cemented carbide
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rake face. It was found that the texture geometry has the greatest in�uence on the cutting force and
friction coe�cient in the cutting performance. Parida A. K. et al.[20] evaluated the cutting performance of
Ti-6Al-4V alloy micro-textured tools through a combination of experiment and simulation. The results
found that the contact length, friction coe�cient, cutting force and tool temperature distribution of the
chip and the micro-textured tool are signi�cantly reduced, compared with the �at tool. The cutting force,
chip reduction coe�cient and chip morphology in the square result are consistent with the experimental
results better. Sivaiah et al.[21] conducted a study on the cutting performance of the hybrid-textured tool
and found that the friction between the textured tool and the chip was signi�cantly reduced under wet
cutting conditions, and the machined surface roughness was small. Elias et al.[22] proposes a new
method to make texture on the cutting tools using vickers microhardness indenter.

The larger cutting force and sever tool wear are prominent in traditional cutting produces[23–24]. However,
there are few researches on the cutting of SiCp/Al composites using micro-textured tools. Therefore, in
this work, the machining experiments of SiCp/Al composites are performed to investigate the cutting
performance of SiCp/Al composites with comparisons to that of the non-textured tool. The in�uence of
hole array of micro-textured tool with different texture spacing cutting performance is analyzed. The
secondary cutting and the surface properties of the workpiece is observed and analyzed during the
machining of SiCp/Al composite to obtain the optimal texture parameters of the cutting tool.

2 Materials And Methods
The surface of the SiCp/Al composite after grinding and polishing is shown in Fig. 1. It can be seen that
the SiCp/Al composite is composed of an aluminum matrix and SiC particles. After measuring the SiC
particles, it is found that the size of the smaller SiC particles is about 2 µm, and the size of the larger SiC
particles can reach about 12 µm. Moreover, some particles will be pulled out and broken during the
machining. This is completely different from the cutting of traditional metal materials. These pulled out
and broken SiC particles will interact with the textured tool, which makes the micro-textured tool cutting
process more complicated. The high hardness of SiC particles makes the tool wear pretty serious during
the machining. Micro-textured tools can reduce tool wear. Therefore, the research on micro-textured tools
for cutting SiCp/Al composites is very meaningful.

The micro-cutting experiment setup is developed which can be used to perform orthogonal cutting
experiment, as shown in Fig. 2 (a). Figure 2 (b) gives a schematic diagram of the cutting process. The
overall size of the orthogonal cutting table is 300×400×300 mm, and size of the X and Y slide table is
70×110 mm. The stroke of slid table is 50 mm, and its positioning accuracy is 2 µm, the repeated
positioning accuracy is 0.5 µm, and the maximum feed speed is 400 mm/s. The size of the Z-direction
lifting slide is 120×120 mm, the maximum ascent stroke is 12 mm, the repeated positioning accuracy is
0.5 µm, and the bearing capacity is 20 kg. The cutting force is measured by the Kistler cutting force
measuring instrument.
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In the experiment we used NTK-KM1CCGW060202H uncoated cemented carbide tool with a rake angle of
7º, a �ank angle of 3º, and a cutting edge radius of 2 µm. Nanosecond pulsed �ber laser is used to
manufacture the micro-hole texture on the rake face near the main cutting edge. The laser wavelength is
1.064 µm, the maximum output power is 20W, and the pulse frequency is 20-200KHz.

The textured holes are as shown in Fig. 3. The holes are regularly distributed on the rake surface with
different spacings. In this work we investigate �ve different values of hole spacing: 100µm, 80µm, 60µm,
40µm, 20µm. The other parameters are presented as follows. The diameter of the hole is around 5 µm
(green spot in Fig. 3 (a)), the depth is around 30 µm (Fig. 3 (b)).The distance between the hole and the
cutting edge is around 20 µm (Fig. 3(c)). The workpiece size is 10×10×1 mm, the cutting speed is set
constant with 400 mm/s, the cutting depth is constant with 30 µm, and the number of cutting is 10 times.
The numbering of tools and workpieces and corresponding values of hole spacing are given in Table 1.

Table 1
Numbers of tools and workpieces.

Tool Number T-1 T-2 T-3 T-4 T-5 T-6

Texture Spacing Non-textured 100µm 80µm 60µm 40µm 20µm

Workpiece Number W-1 W-2 W-3 W-4 W-5 W-6

3 Results And Discussion
Based on the experimental results, the wear of tool, contact length, secondary cutting, cutting force and
surface topography of workpieces were analyzed.

The surface of the tools was observed and inspected using a scanning electron microscope (SEM) after
ten times cuttings. Figure 4 (a) shows the surface of non-textured tool (T-1) after ten times cuttings, and
(b)-(f) micro-textured tools with different spacing from 100 µm to 20 µm corresponding to T-2 to T-6. It
can be evaluated that the wear of tools and tool-chip adhesion are very serious during machining SiCp/Al
composite material. In these six tools the non-textured tool is worn most near the tool tip. Moreover, the
amount of chip adhesion on the surface of the non-textured tool is also the largest among the six tools. It
can be clearly seen from Fig. 4 (b)-(f) that the micro-textured tool reduces not only tool wear during
machining, but also effectively the adhesion of tool surface. The reduction of tool wear can be mainly
attributed to the effect of the hole array which decreases the stress generated by the contact between the
tool-chip during the cutting process, thereby reduces the friction between the tool and the chip as well as
the tool wear. The decrease in surface adhesion of the tool may be due to the effect of holes and SiC
particles on chips during the cutting process. Observing Fig. 4 (e), it can be seen that the surface of the
tool with a hole spacing of 40 µm has very small amount of adhesion, and there is no adhesion around
the micro-hole at the edge of the tool. Although some holes are blocked, the micro structure still plays an
important role in the adhesive condition of the cutting tool and chips.
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Another reason for the decrease in the amount of tool surface adhesion may be the combination of holes
and SiC particles on the chip during the secondary cutting process. For that, the energy spectrum analysis
of the adhesive area on the surface of the micro-textured tool was carried out. As shown in Fig. 5, in
addition to the elements of the tool material, the selected elements and the remaining elements are Al and
Si. From the distribution of Si, it is likely that some of the smaller SiC particles enter the hole of the micro-
textured tool during the cutting process, then the SiC particles in the hole interact with the chip, which
reduces the direct contact between the chip and the tool, resulting in a decrease in the amount of
adhesion on the surface of the micro-textured tool.

Contact length

The tool-chip contact length of T-1 to T-6 tools during the cutting process is shown in Fig. 6. It can be seen
that the micro-textured tool can reduce the tool-chip contact length compared to the non-textured tool.
The contact length is reduced by 39%, 22%, 30%, 32%, and 9% for T-2 to T-6 tools, respectively. The results
show that the contact length for T-2 to T-5 tools are reduced signi�cantly, and for T-2 tool it is the
smallest. The main reason for the reduction in cutting length is that the texture will produce secondary
cutting during the cutting process. During the machining of non-textured tools, the chips will break when
they reach a certain wear state. However, the secondary cutting accelerates the chip's fracture. After the
main cutting edge is machined, the micro-texture acts on the chip once again, which causes the breaking
of chip before reaching the previous contact length.

Secondary cutting

Secondary cutting is a common phenomenon in the cutting process of micro-textured tools. As shown in
Fig. 7, secondary cutting phenomenon appeared during cutting SiCp/Al composite materials with micro-
textured tools. However, this phenomenon is not so obvious as for traditional metal. The main
disadvantage of secondary cutting is that the chips will be cut again and new chips will be generated,
leading to reducing the effectiveness of the microtexture. From Fig. 7 (b)-(f), it can be seen that with the
decrease of the micro-texture spacing, the phenomenon of secondary cutting becomes more obvious,
which shows that adjusting the micro-texture spacing can reduce secondary cutting. From Fig. 7 (c) and
(e), T-3 and T-5 tools are more likely to break the chips during the cutting process, and then produce chips.
T-2 and T-4 tools produce secondary cutting during the cutting process. The phenomenon is not obvious,
and the chips are not easily broken.

Due to the particularity of the SiCp/Al composites, the secondary cutting process in its machining could
be divided into two stages, as illustrated in Fig. 8. In the �rst stage, the micro-texture holes are not
blocked, so the micro-texture will directly interact with the chips during the cutting process. Then some of
the holes will be blocked, which greatly reduces the effect of the holes in the second stage. In the second
stage, some SiC particles will be broken from the matrix during the cutting process and SiC particles of
different sizes will be generated, some of which will enter the hole and directly interact with the chips,
thereby reducing tool wear and surface adhesion. Since the second stage works differently from the �rst
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stage, the reduction in contact length should be due to the simultaneous action of these two stages.
However, due to the property of the material, the second stage could play a major role.

Cutting force

Cutting force is the main factor affecting tool wear. In the experiment, the machining direction is set as
the direction of main cutting force, and its values are averaged after ten times cuttings. The results are
shown in Fig. 9. It is seen that T-2 to T-6 tools produce smaller cutting forces than T-1 tool. The micro-
textured tool reduces the friction between the tool and the chip during the machining, thereby reducing the
cutting force. With the decrease in the micro-texture spacing, the cutting force of the micro-textured tool is
reduced by 13%, 9%, 17%, 4%, 5%, respectively. It can be clearly seen that the cutting force of the tool with
a micro texture space of 60µm has the largest reduction in cutting force. But cutting force does not
decrease monotonically. The cutting forces of T-5 and T-6 tools are not reduced signi�cantly due to the
secondary cutting during the cutting process. In the cutting process, for the T-3 tool it is easy to produce
chips, which has a certain in�uence on the effect of chip. Observing the chip morphology produced by T-2
and T-4 tools, one can evaluate that these two micro-textured tools are more stable during the cutting
process, which will result in a signi�cant reduction in cutting force. From the results of chip shape and
cutting force, secondary cutting is the main factor affecting the reduction of cutting force.

Workpiece surface test

Figure 10 presents the SEM images of the surface of the workpiece after cutting. It can be seen that the
surfaces machined by the micro-textured tools are generally smooth and have a few cracks relatively
(Fig. 10 (b)(c)(e)(f)). In the following it will be shown that the residual SiC particles on the machining
surface of micro-textured tools are much less than non-textured tool, and part of the SiC particles remain
in the hole and interact with the chips during the cutting process.

Surface roughness

Surface roughness is an important criterion for measuring the quality of workpiece machining. Figure 11
shows the Ra values of surface roughness workpieces W-1 to W-6. Ra is the arithmetic average of the
absolute value of the contour deviation along the measurement direction and the distance from the
center line, and can be used to evaluate the smoothness of machined parts. The roughness of surface is
averaged from �ve measurements. It can be seen that the surface roughness of W-1 and W-4 workpieces
is relatively large, and smaller for W-2, W-3, W-5 and W-6, which is consistent with the behavior of the
surface micro-topography (Fig. 10). If considering only the factor of the tool wear and surface roughness,
the cutting effect of the T-2 tool is the most excellent.

Residual Stress

The residual stress of the machined workpiece is measured by a residual stress measuring instrument, it
has a certain effect on the residual stress of the machined surface. It can be seen from Fig. 12 that the
compressive stress is generated on the surface of the SiCp/Al composite after the cutting. Select 5 points
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on the surface of the workpiece, with an interval of 0.25 cm, the leftmost point is 0 cm, and the rightmost
point is 1 cm. Among them, T-5 and T-6 tools cause greater residual stress on the workpiece’s surface, and
W-3 and W-4 less.

Conclusion
In this paper, the tool wear and workpiece surface in dry cutting of SiCp/Al composites by micro-textured
tools and non-textured tools were studied experimentally. The micro-textured tool can improve cutting
performance, and different cutting effects can be achieved by modifying the spacing of texture. And it
has a great in�uence on the surface of the workpiece. The conclusions are as follows:

1. Sever tool wear and tool sticking occur during dry cutting the SiCp/Al composite, however, when
using micro-textured tools the performance can be improved signi�cantly in these two It is attributed
to the particles remaining in the holes and the interaction between the particles and the chips.

2. The contact length between the non-textured tool and the chip is the largest during the cutting
process. The micro-textured tools can reduce the contact length by adjusting the spacing of the
micro-texture

3. Micro-textured tools produce secondary cutting during machining. Increasing the hole spacing of
micro-textures tool can reduce the impact of secondary Main cutting force is reduced by use of
micro-texture, where tool T-4 tool is most effective and the cutting force is reduced by 17%.

4. Micro-textured tools have a certain effect on the surface roughness and residual stress of the Micro-
textured tools produced the smoother surface (especially T-2, T-3, T-5 and T-6), and reduced the
residual stress of SiC particles on the machined surface. However, the most obvious reduction in
residual stress on the machined surface is the T-3 and T-4 tools (T-3 is the best).
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Figures

Figure 1

SiCp/Al composites material structure

Figure 2

(a) Orthogonal cutting experiment table, (b) Schematic diagram of machining.
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Figure 3

(a) Top view of micro-textured hole diameter; (b) Pro�le of hole depth (3) Distance between the micro
texture and the main cutting edge.

Figure 4

SEM images of surfaces of non-textured and micro-textured tools after ten cuttings (a) non-textured tools,
(b) micro-textured tools with a hole spacing of 100 μm, (c) 80 μm, (d) 60 μm, (e) 40 μm, (f) 20 μm.
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Figure 5

(a)Energy spectrum analysis of micro-textured tool surface distribution of elements on the surface of
micro-textured tools’ edge, (b) Distribution of Al elements on the surface of micro-textured tools’ edge, (c)
Distribution of Si elements on the surface of micro-textured tools’ edge.

Figure 6

Tool-chip contact length during the cutting process of non-textured tool and micro-textured tool.
Numbering 1-6 correspond Tool T-1 to T-6 respectively.
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Figure 7

SEM images of chips generated during the cutting process of non-textured tools and micro-textured tools.
Chips produced by (a)T-1 tool, (b) T-2 tool, (c) T-3 tool, (d) T-4 tool, (e) T-5 tool, (f) T-6 tool

Figure 8

Schematic diagram of secondary cutting of SiCp/Al composite with micro-textured tool. (a) Initial stage
of secondary cutting, (b) Stable stage of secondary cutting.
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Figure 9

The average value of the main cutting force during the cutting process of the non-textured tool and the
micro-textured tool. Numbering 1-6 represents the cutting force generated by the T-1 to T-6 tools.

Figure 10

SEM images of non-textured tool and micro-textured tool surface (a) W-1, (b) W-2, (c) W-3, (d) W-4, (e) W-
5, (f) W-6.
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Figure 11

Surface roughness of workpieces machined by non-textured tool and micro-textured tools. (a) W-1, (b) W-
2, (c) W-3, (d) W-4, (e) W-5, (f) W-6.
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Figure 12

Surface residual stress of workpieces machined by non-textured tools and micro-textured tools


