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Abstract

Carbon fiber—reinforced polymer (CFRP) is a difficult-to-machine material whose machining requires cutting tools of high
performance. In this study, a CrCN-WS, dual utility coated tool (the tool is a composite of the hard coating CrCN and the soft
coating WS,) was used to improve the dry cutting performance of CFRP. To validate the improvement of the CrCN-WS, dual
utility coated tool, three other different tools including uncoated tool, CrCN hard-coated tool, and WS, soft-coated tool were
applied to do the dry cutting test. The three-axis cutting force, the cutting temperature, the average friction coefficient, the three-
dimensional shape of the rake face, and the height of the cohesive section were measured. The results revealed that the CrCN-
WS, dual utility coated tool has the best cutting performance and is more suitable for turning CFRP materials among the four
tools. Since it can fully combine the high hardness and high wear resistance of CrCN and the friction reduction of WS,, the
cutting force and the cutting heat were effectively reduced, and the rake face condition was greatly improved.

Keywords CrCN-WS, dual utility coated tool - Cutting performance - Dry cutting - CFRP

1 Introduction

Carbon fiber—reinforced polymer (CFRP) has a high specific
strength, a high specific modulus, a high damping capacity, a
good dimensional stability, excellent resistance to deforma-
tion, and good corrosion resistance and fatigue resistance
[1-3]. Therefore, it is widely used in aerospace, robotics, med-
ical, and military industries. [4—7]. However, CFRP material
is discontinuous in the cutting process due to its forming struc-
ture (microfiber braided lamination plus epoxy resin bonding),
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which leads the cutting tool suffering a relatively large discon-
tinuous impact force, so the cutting force of the tool was fluc-
tuated in a large range. This will bring a series of problems to
the processing of CFRP, such as poor quality of machined
surface and damage of tool. Hence, high-performance cutting
tools are demanded to the machining of this difficult-to-
machine material. Wang et al. [8] stated that the most common
tools for cutting CFRP are diamond tools, diamond-coated
tools, and some wear-resistant coated tools (such as AITIN
coating) at present. In addition, due to the unique molding
method and the difficult-to-machine characteristic of CFRP
material, the cutting environment of CFRP is extremely harsh,
which can cause serious tool wear, such as bond wear and
abrasive wear [9]. Many scholars researched the effect in in-
creasing tool life of diamond tools, AlTiN-coated tools, and
diamond-coated tools recently; they have usually found that
the diamond-coated tools have the longest lifespan [10-12].
The cost, however, is high, and the diamond material is brittle,
which easily leads to the fracture failure, according to Kwon
et al. [13] and Karpat et al. [14]. Other wear-resistant coated
tools have a shorter service life and cannot meet the require-
ments of normal CFRP cutting applications [15]. Therefore, it
is necessary to study a novel, durable, and low-cost coated
tool for turning in order to process CFRP with high quality.
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Table 1 Mechanical properties of carbon fiber—reinforced polymer (CFRP)
National Tensile strength Tensile modulus  Linear density Volume density Elongation  Diameter Carbon content
standard (MPa) (GPa) (g/1000 m) (g/cm3) (%) (um) (%)

GQ3522 3530 230 198 1.76 1.5 7 93

The research on the milling and drilling of CFRP has
been very extensive, while little research has been con-
ducted on the turning of CFRP [16, 17]. Kwon et al. [13]
studied the wear of coated drill bits during CFRP dril-
ling. It was found that the ultra-hard diamond-coated
drill bit significantly reduced the edge wear of the drill
bit which was the main form of wear for all types of drill
bits during CFRP drilling; the AlTiN-coated drill bit
could not effectively decrease the wear of the drill bit
due to its susceptibility to oxidation during drilling.
Gaugel et al. [18] found that the wear form of the un-
coated cemented carbide drill bit when drilling CFRP
was mainly abrasive wear while the diamond-coated drill
bit wear was mainly due to partial coating fragmentation.
The service life of diamond-coated drill bits was in-
creased by at least 8 times compared with that of uncoat-
ed carbide drills. This shows that coated tools can reduce
tool wear, improve cutting performance, and extend its
service life effectively. However, there are few studies
on cutting tools suitable for turning CFRP.

A large amount of cutting fluid which is usually consumed
in the processing of difficult-to-machine materials can bring
many problems [19]. Abdalla et al. [20] reported that at least
two-thirds of the hundreds of thousands of tons of cutting fluid
annually consumed by EU countries are not properly dis-
posed. Lian et al. [21] has shown that cutting fluid cost ac-
counts for 15~17% of the total cost of production. But the tool
cost only account for 2~4% of it [22]. Lawal et al. [23] stated
that the traditional cutting fluid contains many kinds of refrac-
tory and toxic substances, which are harmful to the environ-
ment and human bodies. For the purpose of reducing the
harmfulness brought by cutting fluids, dry cutting tests of
CFRP were carried out in this study, which can not only re-
duce the manufacturing costs but also protect the environment
and human health. Green manufacturing is a hotspot in the
international society [24]. Dry cutting technology is a new
type of cutting technology aiming at the pollution of cutting

fluid and high cost [25, 26]. The cutting fluids have the func-
tion of lubrication and cooling, which is beneficial to reduce
the cutting temperature, extend the lifespan of tool, and im-
prove the machining accuracy. Because the tool wear is severe
without cutting fluid, a novel coating tool for CFRP dry cut-
ting is proposed to improve the wear resistance.

In the view of the above problems, a CrCN-WS, dual util-
ity coated tool that meets green cutting requirements and has
excellent performance was proposed to cut CFRP. This coat-
ing consisting of a hard layer of CrCN and a soft layer of WS,
was supposed to combine the high hardness and wear resis-
tance of CrCN and the antifriction performance of WS,. This
study used the dual utility coated tool to cut CFRP material
without cutting fluid, and the uncoated tool, the hard coated
tool of CrCN, and the soft coated tool of WS, were added to it
for comparison. The three-axis cutting force and the cutting
temperature were measured through the turning test, then the
average friction coefficient on the rake face is analyzed, and
the wear of the rake face and chip was measured by SEM and
LSCM form. The cutting performance of CFRP of the CrCN-
WS, dual utility coated tool was obtained through compara-
tive and comprehensive analysis of these indicators.

2 Experiments
2.1 Preparation of cutting tool and workpiece

The CFRP bar with an outer diameter of 55 mm and an inner
diameter of 20 mm was customized by Weihai Guangwei
Composite Materials Co., Ltd. The T300 grade fiber accord-
ing to the China national standard GQ3522 was selected and
was unidirectionally woven into prepregs (its mechanical
properties are shown in Table 1) with angles of 0°, 90°, and
+45°). Then the prepregs with different weaving angles were
mixed with the 6511 type resin to prepare the bar with a resin
ratio of 30% in volume.

Table 2 Physical properties of the YS8 ultra-fine-grained cemented carbide blade

Cutting Hardness Flexural strength Density Young’s modulus Thermal expansion coefficient Poisson’s
tool (HRA) (MPa) (g/em®) (GPa) (x107°°C™ ratio
YS8 92.5 1720 13.9 550 5.5 0.27
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Fig. 1 Section morphology of CrCN-WS, dual utility coating

The tool base in this work was the ultra-fine grain
carbide indexable insert (YS8-41305N) produced by
Zhuzhou Cemented Carbide Cutting Tools Co., Ltd.
Ninety-five percent of the blade material is WC; the
balance is the binder Co and a small amount of TiC
[27]. Compared with conventional carbide inserts, the
ultra-fine-grained carbide reduces the amount of the
binder Co and improves the hardness and wear resis-
tance of the insert. The physical properties of the blade
are given in Table 2. The blade was prepared in the
geometry of 12.5 mm x 12.5 mm x4.5 mm with a tip
radius of 0.5 mm.

As shown in Fig. 1, the prepared CrCN-WS, dual utility
coating includes three layers: the transition layer Cr-0.4 um,
the hard coating layer CrCN-1.8 pum, and the soft coating layer
WS,-0.8 um. The transition layer Cr was prepared by the
method of DC magnetron sputtering in argon, and the target
is pure Cr. The hard coating CrCN was made by RF-reactive
magnetron sputtering in nitrogen and argon, the target is
Cr3C,. And the soft coating was deposited by electrospinning.
The physical and mechanical properties of the obtained
CrCN-WS, dual utility coating were as follows: the bonding
force between this coating and the tool is 52 N, and the hard-
ness of CrCN is 2700 HV.

Fig.2 Turning test site layout: (a)
lathing and (b) data processing

KISTLER
dynamometer

All the turning tests were conducted on a CA6136 lathe. In
order to reflect the superior performance of the CrCN-WS,
dual utility coating tool, all turning tests are dry cutting with-
out cutting fluid.

2.2 Selection of cutting parameters

As shown in Fig. 2, the indexable insert and the tool holder
integrated with the dynamometer were mounted on the
CA6136 engine lathe. The signal from the dynamometer
was transmitted to the charge amplifier and then collected by
the PC through the data acquisition box.

In the turning test, the recommended cutting parameters of
other difficult-to-cut materials were referred, and the three
elements of this turning test were designed and tested. Based
on the findings of this trial, when the cutting depth was greater
than 0.7 mm, the deep carbon fiber layer of CFRP has been
cut, but the surface and shallow carbon fiber layer were still
attached to the workpiece and rotated together with the bar at a
high speed. This high-speed rotation of the uncut fiber layer
created a successive impact on the rake face of the tool, which
greatly reduced the tool life and the cutting effectiveness. In
addition, the tool significantly vibrated when the cutting speed
and the feed rate were high. The high temperature generated
would lead to the degradation of the resin with a low thermal
conductivity [28]. In summary, the cutting depth of the CFRP
bar should not exceed 0.7 mm to reduce the above-mentioned
adverse effects, and the cutting speed and feed rate should not
be too large. Therefore, the three parameters of cutting CFRP
in this work were as follows: cutting depth a, = 0.5 mm, feed
rate /= 0.2 mm/r, and cutting speed v = 80~200 m/min.

2.3 Cutting tests and measurements

In this work, to analyze the cutting performance of CrCN-
WS, dual utility coated tool, three other tools were tested as
a contrast. The uncoated tool is named as NT, the tool with the
hard coating CrCN is named as CT, the tool with the soft
coating WS, is named as WT, and the CrCN-WS, dual utility
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Table 3  Cutting parameters employed for dry turning tests with CFRP

Test Tool type Cutting speed v Feed rate f  Cutting depth @, Rake angle Relief angle Cutting edge Edge inclination
(m/min) (mm/r) (mm) Yo () o (°) angle K, (°) angle A, (°)

1 NT, CT, WT,CWT 80 0.2 0.5 -5 5 45 0

2 110

3 140

4 170

5 200

coated tool is named CWT; the base of all tools is YS8 ultra-
fine-grained carbide. Cutting parameters for the dry turning
tests with CFRP are shown in Table 3.

The cutting force and the cutting temperature were collect-
ed during the cutting process. The blade and the chips after
cutting were observed and analyzed. During the test, the three-
axis cutting force was real-time measured by the dynamic
force measurement system (KISTLER9272, Swiss). The por-
table high-performance infrared thermal imager (C640, Guide
Inc., China) was used to capture the cutting temperature with-
in the cutting area. The measurement range of the thermal
imager is —20~800 °C. After the cutting test, a laser scanning
confocal microscope (LSCM) (KEYENCE VK-X250) and a
field emission scanning electron microscope (SEM) (ZEISS
SUPRA 55) were used to analyze the wear and the adhesion of
the blade.

Figure 3 illustrates the cross-section of CFRP and the ma-
chined surface after turning. The lamination structure of the
CFRP bar can be clearly observed. And the mechanical prop-
erties and roughness of the resin layer and the carbon fiber
layer are different. Owing to the non-uniformity and anisotro-
py of the CFRP, the processing of the CFRP material can
cause the pulling out of fibers and the debonding of the fiber
matrix, which brings many uncertain factors to the machined
surface roughness [29]. Therefore, the roughness of the ma-
chined surface is not used as an indicator to judge processing
performance of tool in the CFRP turning test.

Fig. 3 The images of cross-
sectional morphology of CFRP
and surface morphology after
turning

Resin layer

(silver)

T

Fiber layer
| (gray black)

It is worth noting that since the raw material of the CFRP
bar was made of fiber with a diameter of 7 um, the chips are
produced in powder form during the turning process as shown
in Fig. 4. In addition, some uncut fibers on the surface layer
rotate at high speed to drive air flow, which causes dust pol-
lution during the cutting process and may cause fire.
Therefore, the tester must wear a mask and prepare a carbon
dioxide fire extinguisher.

3 Results and discussions
3.1 Cutting forces

Figure 5 shows the three-axis cutting forces of the four cutting
tools during CFRP cutting under the conditions of v =200 m/
min, f=0.2 mm/r, and a,=0.5 mm. It can be seen from the
figure that the three-axis cutting forces of CWT are the lowest.
But the three-axis cutting force is less reduced than the tradi-
tional uncoated tool NT, and the main cutting force F, the
radial thrust Fy, and the feed force Fx are reduced by 10.2%,
12.6%, and 17.5%, respectively. In addition, the cutting forces
of the four tools cutting CFRP are small, but the cutting force
has a large oscillation range that is + 15 N of the average
cutting force during the cutting process. The main reason for
this phenomenon is that CFRP whose structure is laminated
fiber belongs to difficult-to-cut materials. So the process of

Resin stain & fiber

debonding
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Fig. 4 Powdered chips during the turning of CFRP bars

turning CFRP is continuously accompanied by the fiber
breakage and the cutting of the new fiber layer, and the cutting
force is in a period of constant oscillation that causes consid-
erable impact for the tool. In other words, in order to improve
the performance of turning CFRP material, it is necessary to
make the impact resistance of the tool be fine.

The CrCN-WS, dual utility coated tool has limited effect
on improving the performance of cutting CFRP. This was
because that soft coating WS, was quickly shattered due to
the strong impact produced by the fiber cutting and the high-
speed rotation impact of uncut fiber on the tool rake face; the
hard coating CrCN was then exposed. The coating withstood

the changing forces owing to the intense impacts, which
makes the coating to be easily damaged by shattering [10, 30].

Figure 6 illustrates the changes of the three-axis cutting
force of the four tools at five different cutting speeds
(80~200 m/min), with the cutting depth of 0.5 mm and
the feed rate of 0.2 mm/r. In general, the differences of
the cutting forces among different tools are not large, but
it is obvious that the CrCN-WS, dual utility coating tool
(CWT) has the smallest cutting force among the four tools.
Compared with the NT, the main cutting force Fz of CWT
decreased by 2.4~12.1%, the radial thrust Fy decreased by
12.4~40.2%, and the feed force Fyx decreased by
15.0~32.1%. Especially when the cutting speed was
170 m/min, the three-axis cutting forces were both de-
creased. The reduction of its cutting force decreased the
normal force and friction force on the rake face, which
can reduce the wear of the tool and improve the quality
of processed surface. It indicates that the CrCN-WS, dual
utility coating tool has a positive effect on improving the
cutting performance of CFRP materials, especially at high
cutting speeds. In addition, contrast with the main cutting
force F; of WT, it can be seen that soft coating of WT has
almost no promoted effect on cutting CFRP. This is be-
cause of the severe vibration during the cutting process
and the impact of the uncut fiber, which made the soft
coating shatter and get detached quickly. Once the WS,
soft coating is combined with the CrCN hard coating, the
cutting performance was enhanced.

Fig. 5 Three-axis cutting forces 4 b
of four tools (v=200 m/min, f= 418 (a) (b)
- . i > wl 394 >
0.2 mm/r, a,=0.5 mm).. (a) main z 40 374 4 z.,l 2 300 .
cutting force F, (b) radial thrust & : oy 27.1
Fy, and (c) feed force Fx S ol %
& =
g =
§ 20 'g
33 ~
g
S 10 -
2 10 -
0 0 i
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Type of cutting tools Type of cutting tools
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3.2 Cutting temperature

The infrared thermal images of CFRP turned by NT and CWT
under the conditions of v=140 m/min, /=0.2 mm/r, and a, =
0.5 mm are shown in Fig. 7a, b, respectively. The highest cutting
temperature of NT is 126.6 °C while that of CWT is 104.1 °C. In
contrast to conventional NT, the cutting temperature of the CWT
decreased by 17.8% under this cutting condition.

Figure 8 shows the changes of the cutting temperature
for the four different tools at five cutting speeds. In gen-
eral, the cutting temperature first decreased and then in-
creased as the cutting speed increased. When the cutting
speed was 140 m/min, the cutting temperature was the
lowest. The cutting temperature of CWT was the lowest

Fig. 7 The infrared thermal
images of CFRP turned by (a)
conventional uncoated tool NT
and (b) CrCN-WS, dual utility
coating tool CWT (v =140 m/
min, f=0.2 mm/r, a,= 0.5 mm)

1266 Cutting
temperature

Powdered
chips

@ Springer

at any cutting speed. Compared with NT, when the cut-
ting speed was 80 m/min, 110 m/min, 140 m/min,
170 m/min, and 200 m/min, the cutting temperature of
CWT was decreased by 31.5%, 18.9%, 17.8%, 17.8%,
and 8.0% respectively. It can be seen that as the cutting
speed increased, the effect of anti-friction and tempera-
ture reduction of the CWT gradually decreased. This is
because the shock applied to the coating was greatly
enlarged with increasing of the cutting speed. It makes
the effect of coating on the cutting performance of CFRP
become less obvious, which illustrates that CFRP is a
difficult-to-cut material from another point of view.
And the cutting temperature of the WT was almost the
same as the NT. This is because the bonding force
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temperature
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Fig. 8 Cutting temperature of four kinds of tool at five different cutting
speeds (f=0.2 mm/r, a, = 0.5 mm)

between WS, and the substrate was poor, and the coating
was quickly shattered and detached under the severe vi-
bration shock generated by turning CFRP. The CT has a
smaller reduction in cutting temperature than the NT, and
its cutting performance is inferior to that of the CWT,
which proves again that the effect of compounding the
hard and soft coatings is a superposition of the respective
effects of the hard and soft coatings.

3.3 Average friction coefficient

Figure 9 shows the average friction coefficients of turn-
ing CFRP by four kinds of tools under five cutting speed
conditions. As shown in Fig. 9, when the cutting speed
was > 140 m/min, the average friction coefficients of

four tools in the turning process had little difference.
Thus, the coatings did not show a significant character-
istic of friction coefficient reduction. This is probably
because when the cutting speed was high, the severe
vibration generated during the CFRP turning process
made the anti-friction effect of coating less significant.
When the cutting speed was 110 m/min, the friction co-
efficients from low to high were CT, WT, CWT, and
NT, and when the cutting speed was 80 m/min, the fric-
tion coefficients from low to high were WT, CT, CWT
and NT. Therefore, the CrCN-WS, dual utility coating
tool has a lower friction coefficient characteristic than
the soft and hard coatings alone.

3.4 Chip adhesion and wear

Since the carbon fiber is almost black, it is not conducive to
the observation in SEM. Hence, the rake faces of the four tools
were observed by laser scanning confocal microscopy
(LSCM), and components of the adhesive layer were analyzed
with energy disperse spectroscopy (EDS). Figure 10 illustrates
the two-dimensional shape of rake faces and the EDS analysis
of the components of the adhesive layer of four tools when
cutting CFRP, and the cutting parameters are v = 140 m/min,
/=02 mm/r, and a, =0.5 mm.

In general, the bonding area where chips flow of the
tool after cutting CFRP is slightly to the lower right of
the cutting edge. As shown in Fig. 10b, the EDS detect-
ed that the rake faces of four tools were bonded by
carbon fiber material. Figure 10a—g show clear peeling
off of coating near the cutting edge of the CT and the
CWT rake faces. Among them, the falling area of the CT
cutter was large and irregular, and the coating breakage

0.9
——-NT
——CT
08 r WT
-, ——-CWT
B 07 -
=
5
206
[&]
205 |
3
=04 -
03 |
0'2 L 1 1 1 L 1 1
80 110 140 170 200

Cutting speed (m/min)

Fig. 9 Average friction coefficient of turning CFRP of four kinds of tools at five different cutting speeds (/= 0.2 mm/r, a,=0.5 mm)
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Fig. 10 Bonding morphology
and composition analysis of rake
faces of four kinds of tools after
cutting CFRP (v =140 m/min, /=
0.2 mm/r, @, =0.5 mm): (a) NT
rake face, (b) NT bonding
composition analysis, (c) CT rake
face, (d) CT bonding composition
analysis, (¢) WT rake face, (f) WT
bonding composition analysis, (g)
CWT rake face, and (h) CWT
bonding composition analysis

exists, while the coating peeling arca of the CWT was
the contact area of the chip, which was normal wear. It
means that the WS, soft coating combined with the hard
coating can effectively protect the hard coating and ex-
tend the coating life.

Figure 11 shows that the three-dimensional shape of
the rake face and the height analysis of the adhesion
section after turning CFRP by LSCM under the cutting
conditions of v =140 m/min, /' =0.2 mm/r, and a, =
0.5 mm. CT, WT, and CWT have different degrees of

@ Springer

reduction in the amount of adhesion compared with NT,
which were reduced by 28.6%, 37.9%, and 59.4%, re-
spectively. Therefore, the CWT has a superior anti-
adhesive property than the WT and the CT.

Figure 12 shows the average adhesion heights of four tools
under different cutting speeds. The adhesion amount of CFRP
changed irregularly with the change of the cutting speed. When
the cutting speed was 170 m/min, the anti-adhesive properties of
CT, WT, and CWT were completely invalid, and the adhesion
amount is at a high level. When the cutting speed were 80 m/min,
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Fig. 11 Adhesion three-
dimensional morphology and
cross-sections of rake faces of
four kinds of tools (v= 140 m/
min, /=0.2 mm/r, a,= 0.5 mm):
(a) NT three-dimensional
bonding morphology, (b) NT
adhesion cross-section, (¢) CT
three-dimensional bonding
morphology, (d) CT adhesion
cross-section, (e) WT three-
dimensional bonding
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110 m/min, 140 m/min, and 200 m/min, compared with NT, the
adhesion height of CT was reduced by 39.6%, 34.8%, 28.6%, and
15.6%, respectively; the adhesion height of WT was decreased by
3.6%, 41.2%, 37.9%, and 8.6%, respectively; and the adhesion
height of CWT was decreased by 57.8%, 46.0%, 59.4%, and

Adhesion heights (um)

1436.9

200 300 400

Length(pm)

0 100 500

45.3%, respectively. So, the anti-adhesive property of CWT
was better than WT and CT. This is because the CWT combined
the super-hard performance of CrCN with the lubricating property
of WS,. The WS, soft coating can reduce the friction coefficient
of the tool-chip contact surface and improve the processing
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Fig. 12 The adhesion heights of four cutting tools at different cutting
speeds (f=0.2 mm/r, a, = 0.5 mm)

environment of CrCN coating, which made CrCN more wear-
resistant and more stable during cutting. Meanwhile, the C ele-
ment in the CrCN could also reduce the friction coefficient during
the cutting process and prolong the service life of the tool.

3.5 Shape of chip

The chip shape changed with the increase of cutting
depth. Figure 13 a illustrates the powder shape of the
chips when the cutting depth a, <0.5 mm. Figure 13 b
illustrates that the chips are a mixture of powder and
fiber when the cutting depth 0.5 mm< a, <0.8 mm.
Figure 13 c illustrates that the chip shape is in the form
of fiber floc when the cutting depth a, >0.8 mm.

Due to the special structure of CFRP material and the small
amount of the cutting depth (@, <0.5 mm) in the CFRP turn-

Fig. 14 The chip appearances of
CFRP after cutting by four cutting
tools (v=170 m/min, f=0.2 mm/
1, a, = 0.5 mm): (a) chips of
cutting CFRP by NT, (b) chips of
cutting CFRP by CT, (c) chips of
cutting CFRP by WT, and (d)
chips of cutting CFRP by CWT
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ing experiments in this work, the obtained chips, which mac-
roscopically exist in powder form, have almost no difference
as shown in Fig. 13a at any speed with any tool. Figure 14
shows the magnified chip of CFRP cutting by four different
tools. There is no difference between the chips during CFRP
cutting.

4 Conclusions

In this work, in order to verify the superiority of turning car-
bon fiber-reinforced polymer (CFRP) with the CrCN-WS,
dual utility coated tool, the NT, the CT, the WT, and the
CWT were applied to turn CFRP under five different cutting
speeds. The conclusions are as follows:

(1) The CWT has the lowest cutting forces among the four
tools. Compared with the NT, the main cutting force F,
was reduced by 2.4~12.1%, the radial thrust Fy was
reduced by 12.4~40.2%, and the feed force Fx was re-
duced by 15.0~32.1%. Especially when the cutting speed
was 170 m/min, the three cutting forces decreased sig-
nificantly. This proves that the CWT has a positive effect
on improving the cutting performance of CFRP mate-
rials, especially at high cutting speeds.

(2) With the increase of cutting speed, the temperature of
turning CFRP decreased first and then rose. No matter
what cutting speed is used, the temperature of CWT is
the lowest. When the cutting speed was 80 m/min,
110 m/min, 140 m/min, 170 m/min, and 200 m/min, in
contrast with the NT, the cutting temperature of CWT
decreased by 31.5%, 18.9%, 17.8%, 17.8%, and 8.0%,
respectively.

(3) When the cutting speed v > 140 m/min, the average fric-
tion coefficients of the four tools on rake face have little
difference. When the cutting speed was 110 m/min, the
friction coefficients in order from low to high are CT,
WT, CWT, and NT. And the friction coefficients in order
from low to high are WT, CT, CWT, and NT when the
cutting speed is 80 m/min. The characteristics of the
CWT to reduce the coefficient of friction are not obvious.

(4) Compared with the NT, the adhesive height of CT,
WT, and CWT was reduced by 28.6%, 37.9%, and
59.4%, respectively. This reflected that the anti-
adhesive property of CWT is significantly better
than WT and CT. Meanwhile, the wear of CWT
in these experiments was normal wear. It means
the CWT can effectively protect the hard coating
and extend the coating life.

(5) In general, the effect of combining soft and hard
coatings is beyond the superposition of respective
effects of soft and hard coatings. Therefore, the
CWT improves the cutting performance and is

more suitable for dry cutting CFRP materials than
other tools.
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