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Abstract: Typical edge defects in the edge region of a new cemented carbide insert without edge
preparation include burrs, poor surface quality, micro-breakages, and irregularities along the edge.
To address the problems in new cemented carbide inserts without edge preparations, a chemical–
mechanical synergistic preparation (CMSP) method for the cemented carbide insert cutting edge was
proposed. Firstly, the CMSP device for the insert cutting edge was constructed. Then, the polishing
slurry of the CMSP for the insert cutting edge was optimized using the Taguchi method combined
with a grey relation analysis and fuzzy inference. Finally, orthogonal experiments, the Taguchi
method, and analysis of variance (ANOVA) were used to investigate the effect of the polishing plate’s
rotational speed, swing angle, and input frequency of the controller on the edge preparation process,
and the parameters were optimized. The results showed that the best parameter combination for the
polishing slurry for the cemented carbide inserts was the mass concentration of the abrasive particle
of 10 wt%, the mass concentration of the oxidant of 10 wt%, the mass concentration of the dispersant
of 2 wt%, and the pH of 8. The CMSP process parameter combination for the linear edge had the
polishing plate’s rotational speed of 90 rpm, the swing angle of 6◦, and the input frequency of the
controller of 5000 Hz. The optimum CMSP process parameter combination for the circular edge had
the polishing plate’s rotational speed of 90 rpm, the swing angle of 6◦, and the input frequency of
the controller of 7000 Hz. The polishing plate’s rotational speed had the most significant impact on
the edge preparation process, followed by the swing angle, and the effect of the input frequency of
the controller was the smallest. This study demonstrated that CMSP is a potential way to treat the
cemented carbide insert cutting edge in a tool enterprise.

Keywords: cemented carbide insert; chemical–mechanical synergistic preparation (CMSP); cutting
edge; material removal rate (MRR); surface roughness

1. Introduction

Due to significant hardness, wear resistance, strength, and toughness, cemented
carbide inserts have broad applications in cutting difficult-to-machine materials such as
stainless steel, titanium alloys, and superalloys [1]. To meet the precision machining require-
ments of high contour accuracy and high surface quality for the parts, stable ultra-precision
machine tools, process parameters, and machining environments are required [2,3], but
a high-quality cemented carbide insert is one of the key technologies. In the machining
process, the cutting contact region between a carbide insert and a part includes the rake
face, the flank face, and the circular arc or linear region of the cutting edge. The cutting
edge is responsible for the main task of material removal. The geometrical parameters
and mechanical properties of a cutting edge directly affect the stability of the machining
process and the machined surface’s roughness [4]. Therefore, it is required that the surface
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integrity of a cemented carbide insert cutting edge is good, there is no surface/sub-surface
damage layer, stable cutting can be carried out, and the tool life can be improved. Therefore,
production costs can be reduced and material utilization can be improved. The surface of a
new, sharp cemented carbide insert without an edge preparation is machined with diamond
grinding in various conditions, and there are typical edge defects in the edge region, such
as micro-breakages, burrs, bad surface quality, and irregularities along the edge. To reduce
and eliminate edge defects and improve the cutting performance of an insert, cutting
edge preparation is carried out by tool manufacturers after the final grinding process of
an insert manufacturing process is completed. Many studies have been conducted on
cemented carbide insert cutting edge preparation methods. Denkena et al. [5] proposed a
five-axis brushing technique for preparing a carbide insert edge and found that an insert
with edge preparation could improve the machined surface quality of a part. Yussefian
et al. [6] used electrical spark discharges to prepare a cemented carbide insert edge and
found that an insert with edge preparation could improve tool life. Zhang et al. [7] used
a wet micro-abrasive blasting method to prepare a carbide insert edge, and this method
could improve tool life and cutting performance. Wang et al. [8] used a pressurized air
wet abrasive jet machining method to prepare a cemented carbide insert cutting edge, and
it was found that an insert with edge preparation could improve tool life and achieve
better part surface quality. Wang et al. [9] used wet abrasive jet machining, brushing, and
drag finishing methods to prepare cemented carbide insert edges, and they found that the
residual compressive stress levels of the edges prepared with abrasive jet machining were
63% higher than those of the edges without preparation, and the surface roughness levels
of the edges prepared with drag-finishing were the lowest, while the cutting performances
of the edges prepared with drag finishing were also the best. Zimmermann et al. [10] used
laser machining to prepare the cutting edge of a cemented carbide tool and found that the
formation of residual tensile stresses and the deterioration of the mechanical properties of
the surface layer of a tool could be reduced with appropriate laser-machining parameters.

To obtain a better surface quality of an insert cutting edge, some scholars have pro-
posed a polishing method to prepare the edges of carbide inserts. Lyu et al. [11] proposed
a brush-assisted shear-thickening polishing method for the preparation of a cemented
carbide insert cutting edge, and this method could obtain better surface quality of a cutting
edge. Shao et al. [12] employed a flexible fiber-assisted shear-thickening polishing method
for the preparation of a carbide insert cutting edge and studied the effect of the polishing
angle and polishing speed on the efficiency of the cutting edge preparation. This method
could also obtain a better surface quality of a cutting edge.

The chemical–mechanical polishing (CMP) method is a widely recognized ultra-
precision machining method with global planarization at the nanoscale [13]. This method
mainly relies on the mechanical action of abrasive particles and the chemical action of
oxidants in a polishing slurry to make the surface of a polished workpiece flat and smooth,
which has the advantages of no surface/subsurface damage, low density of surface defects,
and low cost [14]. Moreover, CMP technology has been employed for polishing the rake
faces of carbide inserts, and it has been found that this method can improve the surface
quality and cutting performance of an insert [15,16]. In addition, Qin et al. [17] investi-
gated the material removal mechanism of the chemical mechanical polishing of a carbide
insert and established a material removal model for the chemical mechanical polishing of a
carbide insert.

Because of the advantages of CMP technology, the chemical–mechanical synergistic
preparation (CMSP) of the cemented carbide insert cutting edge was proposed to improve
the surface integrity of the cemented carbide insert edge. Firstly, the device for the CMSP
of cemented carbide insert cutting edges was constructed. Then, the polishing slurry for
the CMSP of the cemented carbide insert cutting edge was optimized using the Taguchi
method combined with a grey relation analysis and fuzzy inference. Finally, orthogonal
experiments, range analysis, and analysis of variance (ANOVA) were used to investigate
the effects of the polishing plate’s rotational speed of the swing angle and input frequency of
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the controller on the edge preparation process, and the edge preparation process parameters
were optimized.

2. Construction of CMSP Platform

The CMSP platform is composed of a Nanopoli-100 polisher (Hangzhou Zhibang
Nanotechnology Co., Ltd., Hangzhou, China), a lifting device, a fixture, an oscillating
device, and an electric control device, as shown in Figure 1. The insert is fixed on the
fixture with a screw. The fixture is connected to the oscillating device with the screws. The
oscillating device is connected to the lifting device with the screws. The lifting device is
mainly composed of a ball screw pair. The lifting device is adjusted to bring the insert edge
in contact with the polishing pad and apply a certain polishing pressure. The polishing
slurry is supplied by a peristaltic pump to drip onto the polishing pad at a certain flow rate.
Meanwhile, the oscillating device is controlled by an electronic control device to swing the
insert edge periodically within a certain angle range. The polishing slurry continuously
flows through the insert edge with the rotation of the polishing pad. The oxidant in the
polishing slurry reacts with the cutting edge to form a layer of oxide film. At the same time,
the oxide film is removed by the mechanical action of the abrasive particles in the polishing
slurry. The formation and removal of the film are alternated continuously. Therefore, the
cutting edge preparation can be realized.
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3. Methods and Experiments
3.1. The Polishing Slurry Optimization Experiment

To achieve efficient and low-cost preparation of the carbide insert edge, the Taguchi
method, combined with the grey relational analysis and fuzzy inference, is applied to
optimize the CMSP polishing slurry for the cemented carbide inserts. The polishing
object is a YG8 cemented carbide insert (Zhuzhou Cemented Carbide Cutting Tools Co.,
Ltd., Zhuzhou, China), as shown in Figure 2. Through the previous CMP experiments, the
alumina abrasive particles are used as the abrasive particles, and the oxidant is H2O2 for the
cemented carbide insert CMP, which can achieve high MRR and better surface quality [18].
In this study, the alumina abrasive particle with a particle size of 500 nm is chosen as the
polishing abrasive particle. The oxidant is H2O2. The sodium dodecyl sulfate (SDS) is
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selected as the dispersant. Dilute sulfuric acid (H2SO4) and sodium hydroxide (NaOH)
are used as pH regulators. The pH value of the slurry is measured using a digital PHS-3C
Benchtop pH meter (Shaoxing Supo Instrument Co., Ltd., Shaoxing, China). Considering
the dispersibility of the abrasive particles and the pH value of the polishing slurry on the
MRR and surface roughness Ra, the abrasive particle concentration, oxidant concentration,
dispersant concentration, and the pH value of the polishing slurry are selected as the main
factors. The CMP orthogonal experiment for the insert is designed as a 4-factor 3-level
Taguchi L9 orthogonal array, as shown in Table 1. The polishing experiment parameters
are listed in Table 2. The polishing slurry is prepared according to Table 1. Then, the CMP
experiment of the insert rake face is carried out on the Nanpoli-100 polisher. The polishing
pad material is a porous polyurethane. A peristaltic pump supplies the polishing slurry
with an adjustable flow rate. After the CMP of the inserts is finished, the inserts are cleaned
in an ultrasonic cleaner with acetone for 5 min, then with anhydrous alcohol for 3 min,
and finally with deionized water for 2 min. The stylus type surface roughness measuring
instrument (JB-5C, Shanghai Taiming Optical Instrument Co., Ltd., Shanghai, China) with
an accuracy of 0.001 µm is applied to measure the surface roughness Ra of the polished
inserts three times, and the average value is regarded as the experimental data. Then, an
electronic balance with an accuracy of 1/10,000 g is used to measure the weight of the
inserts three times, and the average value is regarded as experimental data. The MRR of
CMP for the cemented carbide insert is estimated as

MRR =
∆M

ρ × S × t
, (1)

where ∆M is the difference in insert weight before and after polishing, ρ is the density
of the insert, S is the contact area between the insert and the polishing pad, and t is the
polishing time.
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3.2. Cutting Edge Preparation Experiment

According to the optimal polishing slurry obtained in Section 3.1, the effect of the
polishing plate’s rotational speed, swing angle, and input frequency of the controller on
the edge preparation process are investigated based on the CMSP platform. The polishing
plate’s rotational speed, swing angle, and input frequency of the controller are selected
as the main factors. The orthogonal experiment of the edge preparation for the cemented
carbide inserts is designed as a 3-factor 3-level Taguchi L9 orthogonal array, as shown in
Table 3.
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Table 1. The CMP orthogonal experiment for the insert.

No.
A, The Mass

Concentration of
Abrasive Particle (wt%)

B, The Mass
Concentration of

Oxidant (wt%)

C, The Mass
Concentration of
Dispersant (wt%)

D, pH

1 10 6 4 11
2 10 8 3 9.5
3 10 10 2 8
4 8 6 3 8
5 8 8 2 11
6 8 10 4 9.5
7 6 6 2 9.5
8 6 8 4 8
9 6 10 3 11

Table 2. CMP experiment parameters.

Parameter Value

Polishing pressure (kPa) 94.99
Polishing plate’s rotational speed (rpm) 70

Polishing time (min) 30
The flow rate of polishing slurry (mL/min) 6

Polishing slurry temperature (◦C) 25

Table 3. The orthogonal experiment scheme of CMSP for the cemented carbide inserts cutting edge.

No.
A,

Polishing Plate’s
Rotating Speed (rpm)

B,
Swing Angle (◦)

C,
Input Frequency of the Controller

(Hz)

1 30 6 7000
2 30 4 5000
3 30 2 3000
4 60 6 5000
5 60 4 3000
6 60 2 7000
7 90 6 3000
8 90 4 7000
9 90 2 5000

The YG8 cemented carbide inserts are selected for the preparation experiment. The
preparation parameters are listed in Table 4.

Table 4. The parameters of CMSP for the cemented carbide insert cutting edge.

Parameters Value

Polishing pressure (N) 5.5 (Linear cutting edge), 6 (Circular cutting edge)
Polishing slurry flow rate (mL/min) 4

Polishing slurry temperature (◦C) 25
Preparation time (min) 5

The edge sharpness of the inserts after CMSP can be characterized by the cutting edge
radius. Specifically, the cross-section intersection interception function in the VHX-2000
ultra-depth of field microscope system (KEYENCE, Tokyo, Japan) is used to construct a
surface perpendicular to the edge, as shown in Figure 3. Then, the edge radius of the insert
is obtained by sequentially selecting more than 30 points of the arc of the edge for the least
squares fitting and calculation based on Matlab 2022. Taking the insert edge radius as the
evaluation index, the edge preparation parameters are optimized by the Taguchi method.
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The effect of the polishing plate’s rotational speed, swing angle, and input frequency of the
controller on the edge preparation process are investigated by using ANOVA. The cutting
edge morphology before and after preparation is observed by the VHX-2000 ultra-depth of
field microscope and SEM.
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4. Results and Discussions
4.1. The Optimization of the Polishing Slurry
4.1.1. The Calculation of the S/N Ratio of MRR and Surface Roughness Ra

The polishing slurry is prepared according to Table 1, and then the polishing experi-
ments are carried out. The MRR and surface roughness Ra of the YG8 insert are obtained,
as shown in Table 5.

Table 5. The experimental results of the MRR and surface roughness Ra of the insert.

No.
A, The Mass

Concentration of Abrasive
Particle (wt%)

B, The Mass
Concentration of

Oxidant (wt%)

C, The Mass
Concentration of
Dispersant (wt%)

D, pH MRR
(nm/min)

Surface Roughness
Ra (nm)

1 10 6 4 11 66.85 47.33
2 10 8 3 9.5 74.81 47.5
3 10 10 2 8 79.58 27.83
4 8 6 3 8 39.79 31.5
5 8 8 2 11 55.71 27.33
6 8 10 4 9.5 57.3 35.5
7 6 6 2 9.5 41.38 40.17
8 6 8 4 8 50.93 41.33
9 6 10 3 11 30.24 46.5

In this study, it is expected that the MRR of the CMP for the cemented carbide insert
should be as large as possible, and the surface roughness Ra of the polished cemented
carbide insert should be as low as possible. Therefore, the larger the better case of the
Taguchi method is applied to calculate the S/N ratio of the MRR, and the smaller-the-better
case of the Taguchi method is used to calculate the S/N ratio of the surface roughness Ra,
which can be expressed as follows:

S/N ratio = −10 · log

[
1
n
·

n

∑
i=1

1
yi

2

]
, (2)
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S/N ratio = −10 · log

[
1
n
·

n

∑
i=1

yi
2

]
, (3)

where yi is the experimental value; and n denotes the number of experiments. Calculation
results are listed in Table 6.

Table 6. The S/N ratio of the MRR and surface roughness Ra.

No. S/N Ratio of the MRR
(dB)

S/N Ratio of the Surface
Roughness Ra (dB)

1 36.5020 −33.5033
2 37.4791 −33.5339
3 38.0165 −28.8912
4 31.9959 −29.9662
5 34.9185 −28.7337
6 35.1631 −31.0046
7 32.3364 −32.0774
8 34.1402 −32.3259
9 29.6122 −33.3491

4.1.2. The Grey Rational Analysis

In the grey relational analysis method, when the range of the sequence is too large,
the role of some factors is often ignored. When the target directions of each factor in the
sequence are inconsistent, grey relational analysis may also result in wrong results. Firstly,
it is necessary to perform data pre-processing for the entire sequence. The initial sequence
is converted into a comparable sequence with the data pre-processing. The conversion is
called grey relational generation. The initial sequence data are normalized in the range
between zero and one. In this study, it is expected that the S/N ratio of the MRR and
the surface roughness Ra should be as large as possible. The initial sequence data (S/N
ratio of the MRR and the surface roughness Ra) are normalized with the “larger-the-better”
characteristic of a linear data pre-processing method, which can be expressed as

xi(k) =
mi(k)− minmi(k)

maxmi(k)− minmi(k)
, (4)

where xi(k) is the value after data pre-processing, mi(k) denotes the initial sequence data,
minmi(k) denotes the minimum value of mi(k), maxmi(k) denotes the maximum value of
mi(k). The normalized S/N ratios of MRR and surface roughness Ra are listed in Table 7.

Table 7. The normalized S/N ratios of MRR and surface roughness Ra.

No. MRR Surface Roughness Ra

1 0.8198 0.0064
2 0.9361 0
3 1 0.96702
4 0.2836 0.7432
5 0.6314 1
6 0.6605 0.5269
7 0.3241 0.3034
8 0.5388 0.2516
9 0 0.0385

Then, the grey rational coefficient ni j(k) is calculated based on the normalized S/N
ratios of MRR and surface roughness Ra, which can be expressed as

ni j(k) =
∆min + ξ∆max

∆ij(k) + ξ∆max
, (5)
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where ∆ij(k) =
∥∥xi(k)− xj(k)

∥∥ denotes the deviation in absolute value between xi(k)
and xj(k), xj(k) = 1(j = 1, 2, . . ., 16) is the comparable sequence, ξ is the distinguishing

coefficient, ∆min =
min
∀ j ∈ i

min
∀ k

∥∥xi(k)− xj(k)
∥∥ is the minimum value of ∆ij(k),

∆max =
max
∀ j ∈ i

max
∀ k

∥∥xi(k)− xj(k)
∥∥ is the maximum value of ∆ij(k). The grey rational

coefficients of the MRR and Ra are listed in Table 8.

Table 8. The grey relational coefficients of the MRR and surface roughness Ra.

No. MRR Surface Roughness Ra

1 0.7351 0.3348
2 0.8866 0.3333
3 1.0000 0.9384
4 0.4111 0.6607
5 0.5756 1.0000
6 0.5956 0.5138
7 0.4252 0.4179
8 0.5202 0.4005
9 0.3333 0.3421

4.1.3. Fuzzy Inference

The inference system based on fuzzy rules consists of three basic units: fuzzier, fuzzy
inference engine, and defuzzifier. The input vector of the gray relational coefficients for
MRR and the surface roughness Ra is first fuzzified by the fuzzifier using the membership
functions. Then, the fuzzy inference is performed by the fuzzy inference engine using
the fuzzy rules to generate the fuzzy values. Finally, the fuzzy values are transformed
to the multi-performance characteristics index (MPCI). In this study, the gray relational
coefficients of MRR and the surface roughness Ra are regarded as the input variable for
the fuzzy inference system (FIS), respectively. The MPCI value is regarded as the output
variable. Based on MATLAB applications, the FIS architecture is established. The triangular
membership function is chosen for the input variable. There are three membership func-
tions, named small (S), middle (M), and large (L), respectively. The triangular membership
function is selected for the output variable MPCI, and there are five membership functions,
named very small (VS), small (S), middle (M), large (L), and very large (VL), respectively.
Therefore, nine fuzzy rules are generated in the rule editor of MATLAB, that is,

Rule 1 : if m is S and r is S then y is VS;
Rule 2 : if m is S and r is M then y is S;
Rule 3 : if m is S and r is L then y is M;
Rule 4 : if m is M and r is S then y is S;
Rule 5 : if m is M and r is M then y is M;
Rule 6 : if m is M and r is L then y is L;
Rule 7 : if m is L and r is S then y is M;
Rule 8 : if m is L and r is M then y is L;
Rule 9 : if m is L and r is L then y is VL;

where y is the output, m and r are the gray relational coefficients inputs for MRR and
surface roughness Ra, respectively. Then, the MPCI of each parameter combination is
obtained based on the FIS of Matlab, as listed in Table 9.

Table 9. The MPCI of each parameter combination.

No. 1 2 3 4 5 6 7 8 9

MPCI 0.524 0.580 0.864 0.532 0.754 0.559 0.443 0.454 0.392
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4.1.4. The Optimization of Polishing Slurry

To obtain the overall optimal parameter combination of polishing slurry, combining
Table 5 with Table 9, the MPCI response for each factor at their corresponding levels is
obtained, as shown in Figure 4.
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In Figure 4, it can be seen that A1B3C3D3 is the best parameter combination of
polishing slurry for cemented carbide inserts. Namely, the best parameter combination
of polishing slurry for cemented carbide inserts is with the mass concentration of the
abrasive particle of 10 wt%, the mass concentration of the oxidant of 10 wt%, the mass
concentration of the dispersant of 2 wt%, and a pH of 8. As the concentration of abrasive
particles increases, the MPCI also increases. The reason is that as the concentration of
abrasive particles increases, the number of effective abrasive particles involved in material
removal increases, leading to an increase in MRR and a decrease in surface roughness Ra.
Furthermore, as the concentration of the oxidant increases, the MPCI also increases. The
reason is that as the concentration of oxidant increases, the chemical reaction between the
surface of the cemented carbide insert and the oxidant is promoted, and MRR increases. The
abrasive particles tend to aggregate and settle in the polishing slurry, and have an impact
on MRR and surface quality. The abrasive particles can be dispersed by the dispersant
without affecting the thermal conductivity of the polishing slurry, thereby ensuring the high
dispersion stability of the polishing slurry. As the concentration of dispersant increases,
MPCI first decreases and then slightly increases. The reason is that when the dispersant
dosage is too high, the molecular chains of unabsorbed dispersant in the solvent tend
to entangle with each other due to the supersaturated adsorption on the surface of the
alumina particles, leading to depletion flocculation and agglomeration of abrasive particles,
thereby affecting MRR and surface quality [18]. The pH of the suspension has a significant
impact on the dispersion of the polishing slurry and the chemical reaction between the
insert surface and the oxidant [19], thereby affecting the MRR and surface quality. When
the pH value is eight, the MPCI reaches the maximum value. It indicates that when the
pH value is eight, the dispersion of the polishing slurry and the chemical reaction between
the insert surface and the oxidant may be in a good state. Compared with the initial
parameter combination A3B3C2D1, MRR is increased by 163%, and the surface roughness
Ra is reduced by 40%. Then, the insert rake surface morphology before and after polishing
with the best parameter combination of polishing slurry is observed by SEM, as shown in
Figure 5.
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In Figure 5, it can be seen that there is a lot of scratches on the insert rake surface
before polishing. However, after the insert rake surface is polished with the best parameter
combination of polishing slurry, the scratches are completely removed, and the rake surface
is smooth. So the best parameter combination of polishing slurry is effective and can obtain
a smooth surface.

4.2. Comprehensive Analysis of CMSP for the Cemented Carbide Insert Edge

According to Table 3, the orthogonal experiment of CMSP for the cemented carbide
insert cutting edge is carried out. Then, the edge radius of the insert is obtained by the least
squares fitting and calculation based on Matlab, which are listed in Table 10.

Table 10. The experimental results of CMSP for the cemented carbide insert cutting edge.

No.

A,
Polishing Plate’s
Rotational Speed

(rpm)

B,
Swing Angle

(◦)

C,
Input Frequency
of the Controller

(Hz)

Linear Edge
Radius
(µm)

Circular Edge
Radius
(µm)

1 30 6 7000 46.895 70.619
2 30 4 5000 34.508 54.862
3 30 2 3000 33.011 49.780
4 60 6 5000 71.259 80.616
5 60 4 3000 41.822 57.024
6 60 2 7000 60.273 74.764
7 90 6 3000 67.279 78.155
8 90 4 7000 46.938 73.451
9 90 2 5000 59.435 74.113

It is desirable that the edge radius should be as large as possible in the same prepara-
tion time. So the larger the better case of the Taguchi method is applied to calculate the
S/N ratio of the linear edge radius and circular edge radius, which are listed in Table 11.
Figure 6 shows the average response of S/N for each factor at their corresponding levels.
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Table 11. The S/N ratio of the linear edge radius and circular edge radius.

No.

A,
Polishing Plate’s
Rotational Speed

(rpm)

B,
Swing Angle

(◦)

C,
Input Frequency
of the Controller

(Hz)

SNR of the Linear
Edge Radius

(dB)

SNR of the
Circular Edge

Radius
(dB)

1 30 6 7000 33.423 36.978
2 30 4 5000 30.758 34.785
3 30 2 3000 30.373 33.941
4 60 6 5000 37.057 38.128
5 60 4 3000 32.428 35.121
6 60 2 7000 35.602 37.474
7 90 6 3000 36.558 37.859
8 90 4 7000 33.430 37.320
9 90 2 5000 35.481 37.398
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Figure 6. The average response of S/N for each factor at their corresponding levels: (a) linear edge,
(b) circular edge.

It is noted in Figure 6 that the best combination of CMSP parameters for the linear
edge and circular edge is determined to be A3B1C2 and A3B1C1, respectively. Namely,
the best CMSP process parameter combination for the linear edge is with the polishing
plate’s rotational speed of 90 rpm, the swing angle of 6◦, and the input frequency of the
controller of 5000 Hz, and the best CMSP process parameter combination for the circular
edge is with the polishing plate’s rotational speed of 90 rpm, the swing angle of 6◦, and the
input frequency of the controller of 7000 Hz.

To explore the effect of the polishing plate’s rotational speed, swing angle, and input
frequency of the controller on the cutting edge radius, based on Table 10, ANOVA results
of CMSP for the insert linear and circular edge radius are shown in Tables 12 and 13,
respectively.
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Table 12. ANOVA results of CMSP for the insert linear edge radius.

Source Degree of
Freedom

Sum of
Squares

Mean
Square F Value p

Value
Contribution

(%)

A 2 775.89 387.945 21.784 0.044 47.91
B 2 644.679 322.34 18.1 0.052 39.42
C 2 88.897 44.448 2.496 0.286 3.45

Error 2 35.617 17.809 9.22
Total 8 1545.083 100

Significant at 95% confidence interval.

Table 13. ANOVA results of CMSP for the insert circular edge radius.

Source Degree of
Freedom

Sum of
Squares

Mean
Square F Value p Value Contribution

(%)

A 2 455.878 227.939 73.068 0.014 44.66
B 2 340.29 170.145 54.542 0.018 33.18
C 2 204.399 102.199 32.761 0.03 19.68

Error 2 6.239 3.12 2.48
Total 8 1006.806 100

Significant at 95% confidence interval.

From Tables 12 and 13, it can be seen that the polishing plate’s rotational speed plays a
predominant role in the linear edge and circular edge preparation, followed by the swing
angle and the input frequency of the controller.

The cutting edge is prepared with the best combination of CMSP parameters for the
linear edge and circular edge of the insert. Then, the cutting edge surface morphology
before and after preparation is observed by the VHX-2000 ultra depth of field microscope
and SEM, as shown in Figures 7 and 8.
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Figure 7. The morphology of the cutting edge under the VHX-2000 ultra depth of field microscope:
(a) linear edge before the preparation, (b) circular edge before the preparation, (c) linear edge after
the preparation, (d) circular edge after the preparation.
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Figure 8. The morphology of the cutting edge under SEM: (a) cutting edge before the preparation,
(b) cutting edge after the preparation.

In Figures 7 and 8, it can be seen that the initial cutting edge has some defects in the
edge region such as burrs, poor surface finish, micro-breakages, and irregularities along the
edge. After the cutting edge is prepared with the best combination of CMSP parameters, the
defects are completely removed, and the cutting edge is smooth. So CMSP can improve the
surface quality of the cutting edge. Therefore, in the actual cutting process, it can effectively
reduce tool wear, improve the machining process stability, and reduce the machined surface
quality.

5. Conclusions

In this work, the CMSP device for the cemented carbide insert cutting edges is con-
structed. Then, the polishing slurry of CMSP for cemented carbide insert cutting edge is
optimized using the Taguchi method coupled with the grey relational analysis and fuzzy
inference. Finally, the orthogonal experiments, the Taguchi method, and ANOVA are
used to investigate the effect of the polishing plate’s rotational speed, swing angle, and
input frequency of the controller on the edge preparation process, and the parameters are
optimized. Thus, the following conclusions can be drawn:

1. A1B3C3D3 is the optimal parameter combination of polishing slurry for cemented
carbide inserts. Namely, the best parameter combination of polishing slurry for
cemented carbide inserts is with the mass concentration of the abrasive particle of
10 wt%, the mass concentration of the oxidant of 10 wt%, the mass concentration
of the dispersant of 2 wt%, and the pH of 8. Compared with the initial parameter
combination, A3B3C2D1, the MRR is increased by 163%, and the surface roughness
Ra is reduced by 40%.

2. The best combination of CMSP parameters for the linear edge and circular edge is
determined to be A3B1C2 and A3B1C1, respectively. Namely, the best CMSP process
parameter combination for the linear edge is with the polishing plate’s rotational
speed of 90 rpm, the swing angle of 6◦, and the input frequency of the controller of
5000 Hz, and the optimum CMSP process parameter combination for the circular edge
is with the polishing plate’s rotational speed of 90 rpm, the swing angle of 6◦, and the
input frequency of the controller of 7000 Hz.

3. The polishing plate’s rotational speed plays a predominant role in linear edge and
circular edge preparation, followed by the swing angle and the input frequency of
the controller.

4. The CMSP method can not only achieve cutting edge preparation, but also improve
the surface quality of the cemented carbide insert cutting edge. In the future, extensive
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research is required to elucidate the material removal mechanism of CMSP for the
cemented carbide insert cutting edge.

Author Contributions: Conceptualization, C.Q.; methodology, C.Q.; writing—original draft, C.Q.
and J.P.; writing—review and editing, C.Q., Z.H., M.M. and S.J.; investigation, C.Q., J.P., L.G. and
W.C.; formal analysis, C.Q. and W.C.; data curation, C.Q., C.Z., X.C. and W.C.; supervision, Z.H.,
M.M. and S.J.; software, C.Q. and W.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This work is supported by the Hunan Provincial Natural Science Foundation of China
(No. 2022JJ50134, 2022JJ50133, 2021JJ20009, 2021JJ50125) and the program of Xiangtan Science and
Technology Bureau of China (No. CG-YB20221040), which the authors greatly appreciate.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Schneider, F.; Das, J.; Kirsch, B.; Linke, B.; Aurich, J.C. Sustainability in ultra precision and micro machining: A review. Int. J.

Precis. Eng. Manuf.—Green Technol. 2019, 6, 601–610. [CrossRef]
2. Qu, S.; Yao, P.; Gong, Y.; Chu, D.; Yang, Y.; Li, C.; Wang, Z.; Zhang, X.; Hou, Y. Environmentally friendly grinding of C/SiCs using

carbon nanofluid minimum quantity lubrication technology. J. Clean. Prod. 2022, 36, 132898. [CrossRef]
3. Li, C.; Piao, Y.; Meng, B.; Hu, Y.; Li, L.; Zhang, F. Phase transition and plastic deformation mechanisms induced by self-rotating

grinding of GaN single crystals. Int. J. Mach. Tools Manuf. 2022, 172, 103827. [CrossRef]
4. Denkena, B.; Köhler, J.; Ventura, C.E.H. Customized cutting edge preparation by means of grinding. Precis. Eng. 2013, 37, 590–598.

[CrossRef]
5. Denkena, B.; de Leon, L.; Bassett, E.; Rehe, M. Cutting edge preparation by means of abrasive brushing. Key Eng. Mater. 2010, 438,

1–7. [CrossRef]
6. Yussefian, N.Z.; Koshy, P.; Buchholz, S.; Klocke, F. Electro-erosion edge honing of cutting tools. CIRP Ann. 2010, 59, 215–218.

[CrossRef]
7. Zhang, S.; Zou, B.; Liu, Y.; Wang, Y.; Huang, C.; Liu, Z. Edge passivation and quality of carbide cutting inserts treated by wet

micro-abrasive blasting. Int. J. Adv. Manuf. Technol. 2018, 96, 2307–2318. [CrossRef]
8. Wang, W.; Biermann, D.; Aßmuth, R.; Arif, A.F.M.; Veldhuis, S.C. Effects on tool performance of cutting edge prepared by

pressurized air wet abrasive jet machining (PAWAJM). J. Mater. Process. Technol. 2020, 277, 116456. [CrossRef]
9. Wang, W.; Saifullah, M.K.; Aßmuth, R.; Biermann, D.; Arif, A.F.M.; Veldhuis, S.C. Effect of edge preparation technologies on

cutting edge properties and tool performance. Int. J. Adv. Manuf. Technol. 2020, 106, 1823–1838. [CrossRef]
10. Zimmermann, M.; Kirsch, B.; Kang, Y.; Herrmann, T.; Aurich, J.C. Influence of the laser parameters on the cutting edge preparation

and the performance of cemented carbide indexable inserts. J. Manuf. Process. 2020, 58, 845–856. [CrossRef]
11. Lyu, B.; Ke, M.; Fu, L.; Duan, S.; Shao, Q.; Zhou, Y.; Yuan, J. Experimental study on the brush tool–assisted shear-thickening

polishing of cemented carbide insert. Int. J. Adv. Manuf. Technol. 2021, 115, 2491–2504. [CrossRef]
12. Shao, L.; Zhou, Y.; Fang, W.; Wang, J.; Wang, X.; Deng, Q.; Lyu, B. Preparation of cemented carbide insert cutting edge by flexible

fiber-assisted shear thickening polishing method. Micromachines 2022, 13, 1631. [CrossRef] [PubMed]
13. Ali, I.; Roy, S.R.; Shinn, G. Chemical-mechanical polishing of interlayer dielectric: A review. Solid State Technol. 1994, 37, 63–68.
14. Malik, F.; Hasan, M. Manufacturability of the CMP process. Thin Solid Film. 1995, 270, 612–615. [CrossRef]
15. Hu, Z.; Qin, C.; Chen, X.; Tang, A.; Fang, T.; Yang, Z.; Mao, M. Chemical–mechanical polishing of cemented carbide insert surface

for extended tool life in turning of GH4169 nickel-based superalloy. Int. J. Precis. Eng. Manuf. 2020, 21, 1421–1435. [CrossRef]
16. Hu, Z.; Qin, C.; Chen, Z.C.; Yang, Z.; Fang, T.; Mao, M. Experimental study of chemical mechanical polishing of the final surfaces

of cemented carbide inserts for effective cutting austenitic stainless steel. Int. J. Adv. Manuf. Technol. 2018, 95, 4129–4140.
[CrossRef]

17. Qin, C.; Hu, Z.; Tang, A.; Yang, Z.; Luo, S. An efficient material removal rate prediction model for cemented carbide inserts
chemical mechanical polishing. Wear 2020, 452, 203293. [CrossRef]

18. Seo, J.; Paik, U. Preparation and characterization of slurry for chemical mechanical planarization (CMP). In Advances in Chemical
Mechanical Planarization; CMP: Augusta, ME, USA, 2016; pp. 273–298.

19. Singh, B.P.; Menchavez, R.; Takai, C.; Fuji, M.; Takahashi, M. Stability of dispersions of colloidal alumina particles in aqueous
suspensions. J. Colloid Interface Sci. 2005, 291, 181–186. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s40684-019-00035-2
https://doi.org/10.1016/j.jclepro.2022.132898
https://doi.org/10.1016/j.ijmachtools.2021.103827
https://doi.org/10.1016/j.precisioneng.2013.01.004
https://doi.org/10.4028/www.scientific.net/KEM.438.1
https://doi.org/10.1016/j.cirp.2010.03.009
https://doi.org/10.1007/s00170-018-1705-7
https://doi.org/10.1016/j.jmatprotec.2019.116456
https://doi.org/10.1007/s00170-019-04702-1
https://doi.org/10.1016/j.jmapro.2020.09.003
https://doi.org/10.1007/s00170-021-07176-2
https://doi.org/10.3390/mi13101631
https://www.ncbi.nlm.nih.gov/pubmed/36295984
https://doi.org/10.1016/0040-6090(96)80083-6
https://doi.org/10.1007/s12541-020-00347-3
https://doi.org/10.1007/s00170-017-1493-5
https://doi.org/10.1016/j.wear.2020.203293
https://doi.org/10.1016/j.jcis.2005.04.091
https://www.ncbi.nlm.nih.gov/pubmed/15964586

	Introduction 
	Construction of CMSP Platform 
	Methods and Experiments 
	The Polishing Slurry Optimization Experiment 
	Cutting Edge Preparation Experiment 

	Results and Discussions 
	The Optimization of the Polishing Slurry 
	The Calculation of the S/N Ratio of MRR and Surface Roughness Ra 
	The Grey Rational Analysis 
	Fuzzy Inference 
	The Optimization of Polishing Slurry 

	Comprehensive Analysis of CMSP for the Cemented Carbide Insert Edge 

	Conclusions 
	References

