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Abstract
Defects of the final surfaces of cemented carbide inserts by means of conventional grinding method include grinding burn,
crack, and thermal deformation, causing low cutting efficiency. To address the problems of the conventional way in
grinding the insert surfaces, the chemical mechanical polishing (CMP) process is adopted in finish machining rake faces.
First, the CMP process parameters are optimized with orthogonal experiments and Taguchi’s method, and the cemented
carbide insert surfaces are made with 14.399 nm Ra of its rake face. Second, the inserts made with the conventional
grinding and the CMP methods are used to lathe 1Cr18Ni9Ti austenitic stainless steel. Under the same cutting conditions,
the cutting forces of the polished insert is less than those of the grinding insert, the cutting time of the polished insert is
longer than that of the grinding insert, and the average life of the polished insert is 32.3% longer than that of the grinding
insert. Finally, the scanning electron microscopy (SEM) and the energy dispersive spectroscopy (EDS) analysis have
shown that the polished insert rake face has less adhesive wear , abrasive wear, and minor oxidation wear compared to
the wear of the grinding insert rake face. This study demonstrates that the CMP is a potential way of processing the insert
surfaces in the tooling industry.
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1 Introduction

With highwear resistance, hardness, and strength, cemented
carbide inserts arewidely used in the automobile, aerospace,
and constructionmachinerymanufacturing.Toachievehigh
and ultra-high speed machining, precision mold and tool
manufacturing, nano and micro machining, and carbide in-
sert quality should be even better. The insert material and

geometric parameters and the insert surface quality are im-
portant to the insert quality [1]. The insert surface is finally
machined with diamond grinding in various conditions,
such as dry [2], wet [3], electrochemical [4], and electrolytic
in-process dressing (ELID) grinding [5]. However, the ther-
mal deformation, grinding burn, and surface or subsurface
damage (such as deformation layer, surface or subsurface
crack, and residual stress) occur on the insert surface [6],
and these defects seriously affect the tool performance and
life. It is necessary to develop a new method of finish ma-
chining insert surfaces to reduce the insert surface deforma-
tion, the grinding burn, and surface or subsurface damage.
Chemical mechanical polishing (CMP) is a new technology
known to provide global planarization of topography with a
low post-planarization slope [7]. This method has advan-
tages of good machined surface quality, no surface or sub-
surface damage, low density of surface defect, and low cost
[8], and has been widely used to precision and ultra-
precision machining for Al [9], Cu [10], W [11], and other
metals and their alloy materials [12].
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In this work, first, the process parameters of chemical
mechanical polishing of the insert rake face are optimized
with orthogonal experiments and Taguchi’s method. The
optimal CMP process is applied to the inserts. Second, the
inserts made with the conventional grinding and the CMP
methods are used to lathe 1Cr18Ni9Ti austenitic stainless

steel. Finally, the scanning electron microscopy (SEM)
and the energy dispersive spectroscopy (EDS) analysis
are conducted.

2 Experimental method

2.1 CMP test of cemented carbides inserts

The YG8 cemented carbide insert is chosen as the CMP test
object, which has been processed by means of rough grinding.
The drawing of the chosen insert type is shown in Fig. 1. Its
chemical composition and mechanical properties are given in
Table 1.

The nanometer Nanopoli-100 polisher is used to polish the
YG8 inserts, which is shown in Fig. 2. In the CMP experiment
of the inserts, the rough polishing, semi-polishing, and fine
polishing orthogonal experiments are used to preprocess the
rake face of the inserts, and the volume fraction of H2O2 in the
polish slurry is 10%, the particle concentration of rough and
semi-polishing is 25%wt. The experimental factors and factor

Fig. 1 The chosen insert type

Table 1 Chemical composition
and mechanical properties of the
YG8 insert

Material Component Hardness
(HRA)

Flexural strength
(MPa)

Elastic modulus
(GPa)

Density (g/cm3)

YG8 w WC 92%, w Co 8% 89.0 1670 600 14.7

Fig. 2 Nanopoli-100 polisher

Table 2 Experimental factors and factor levels of rough polishing

Levels A, SiC abrasive
particle (um)

B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

1 26 40 158 35

2 22 50 177.8 50

3 18 60 197.5 65

Table 3 Experimental factors and factor levels of semi-polishing

Levels A, SiC abrasive
particle (um)

B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

1 10 30 98.75 25

2 7 35 118.5 35

3 5 40 138.25 45
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levels of rough polishing, semi-polishing, and fine polishing
are illustrated in Tables 2, 3, and 4, respectively. After
polishing experiment, the ultrasonic cleaner is used to clean
the inserts at 10 min which are put into the acetone solvent,
then are into the absolute ethyl alcohol, and are blew dry with
the leaf blower in order to detect surface quality and surface
roughness. The surface roughness is regarded as an important
index for measuring the polishing quality, the polishing pro-
cess parameters are optimized by Taguchi’s method.
Depending on the objectives, Taguchi’s method defined three
different forms of mean square deviations (i.e., signal-to-noise
ratios) including the nominal-the-better, the larger-the-better,
and the smaller-the-better. The signal-to-noise ratios can be
considered as an average performance characteristic value
for each experiment. Three different signal-to-noise ratios cor-
responding to n experiments are presented as follows.

The nominal-the-better case is

Signal‐to‐noise ratio ¼ ‐10� log
1

n
� ∑

n

i¼1
xi‐tð Þ2

� �
; ð1Þ

the larger-the-better case is

Signal‐to‐noise ratio ¼ ‐10� log
1

n
� ∑

n

i¼1

1

x2i

� �
; ð2Þ

the smaller-the-better case is

Signal‐to‐noise ratio ¼ ‐10� log
1

n
� ∑

n

i¼1
x2i

� �
; ð3Þ

where t is the target value for nominal-the-better cases, xi is the
collected data through experiments, and n represents the num-
ber of experiments. Since the objective is to find the optimal
parameter combination that minimizes surface roughness, the

smaller-the-better equation is chosen for the roughness of sur-
face profiles.

2.2 Cutting performance test

The cutting performance of the grinding and polished inserts
is analyzed by the cutting force test and tool life test. All
cutting tests are carried out using CK7525 lathe without cool-
ant, and the inserts are clamped to the commercial tool holder.
Combination of the insert and the tool holder resulted in the
rake angle of − 6.5o, clearance angle of 6.5o, tool cutting edge
inclination angle − 5.5o, and tool cutting edge angle of 95o.
Firstly, the influence of cutting parameters on the cutting force
of the grinding and polished inserts is investigated by single
factor test. The cutting force test conditions are shown in
Table 5. The Kistler dynamometer of type 9272 and amplifier
of type 5019 are used for measuring the cutting force.

Tool life can be defined in terms of the progressive wear
which occurs on the tool rake face and/or flank face, i.e., crater
wear and flank wear. Flank wear is used to characterize the
tool life, which has the major negative influence on the dimen-
sional accuracy and surface finish of the component as well as
the stability of the machining process when the flank wear
land width VBB value reach a certain level [13]. Flank wear
VBB value of 0.3 mm is used as the tool life criterion for the
continuous turning operations according to ISO standard
3685. But the 1Cr18Ni9Ti austenitic stainless steel is one of
the typical difficult-to-machine materials with high impact
toughness, elongation, and low thermal conductivity.
Through the early trial cutting tests, it is found that in most
cases, when the insert flank wear VBB value has not reached
0.3 mm (usually 0.2–0.3 mm), the other types of wear is very
serious, such as groove wear, burnout of tool nose and
chipping of cutting edge, which caused the insert to fail. So
many enterprises considered the flank wear VBB value of
0.2 mm as the tool life criterion for the continuous turning

Table 4 Experimental factors and
factor levels of fine polishing Levels A, Diamond

powder (um)
B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

E, Abrasive
concentration (ct/ml)

1 0.5 20 39.5 20 0.181

2 1 25 79 25 0.285

3 1.5 30 118.5 30 0.385

4 2.5 35 158 35 0.522

Table 5 Cutting force test conditions

Workpiece material 1Cr18Ni9Ti austenitic stainless steel

Cutting parameters vc = 80 m/min, f = 0.15 mm/r, ap = 0.3, 0.5, 0.8,
and 1 mm

vc = 80 m/min, ap = 0.5 mm, f = 0.05, 0.1, 0.15,
and 0.2 mm/r

f = 0.15 mm/r, ap = 0.5 mm, vc = 40, 80, 120,
and 160 m/min

Table 6 Tool life test conditions

Workpiece material 1Cr18Ni9Ti austenitic stainless steel

Cutting parameters vc = 50 m/min, f = 0.15 mm/r, ap = 0.5 mm

vc = 80 m/min, f = 0.15 mm/r, ap = 0.5 mm

vc = 120 m/min, f = 0.15 mm/r, ap = 0.5 mm
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Table 7 Experimental data of the rough polishing

No. A, SiC abrasive
particle (um)

B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

Surface roughness after
polishing Ra (μm)

The SNR value of surface
roughness after polishing

1 A1 (26) B1 (40) C1 (158) D1 (35) 0.745 2.557

2 A1 (26) B2 (50) C2 (177.8) D2 (50) 0.304 10.343

3 A1 (26) B3 (60) C3 (197.5) D3 (65) 0.781 2.147

4 A2 (22) B1 (40) C2 (177.8) D3 (65) 0.445 7.033

5 A2 (22) B2 (50) C3 (197.5) D1 (50) 0.768 2.293

6 A2 (22) B3 (60) C1 (158) D2 (35) 0.652 3.715

7 A3 (18) B1 (40) C3 (197.5) D2 (50) 0.529 5.531

8 A3 (18) B2 (50) C1 (158) D3 (65) 0.576 4.792

9 A3 (18) B3 (60) C2 (177.8) D1 (35) 0.641 3.863

Table 8 Experimental data of semi-polishing

No. A, SiC abrasive
particle (um)

B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

Surface roughness after
polishing Ra (μm)

The SNR value of surface
roughness after polishing

1 A1 (10) B1 (30) C1 (98.75) D1 (25) 0.506 5.917

2 A2 (10) B2 (35) C2 (118.5) D2 (35) 0.374 8.543

3 A3 (10) B3 (40) C3 (138.25) D3 (45) 0.243 12.288

4 A2 (7) B1 (30) C2 (118.5) D3 (45) 0.287 10.842

5 A2 (7) B2 (35) C3 (138.25) D1 (35) 0.439 7.151

6 A2 (7) B3 (40) C1 (98.75) D2 (25) 0.456 6.821

7 A3 (5) B1 (30) C3 (138.25) D2 (35) 0.346 9.218

8 A3 (5) B2 (35) C1 (98.75) D3 (45) 0.307 10.257

9 A3 (5) B3 (40) C2 (118.5) D1 (25) 0.425 7.432

Table 9 Experimental data of fine polishing

No. A, Diamond
powder (um)

B, Polishing
speed (rpm)

C, Polishing
pressure (kPa)

D, Polishing
time (min)

E, Abrasive
concentration (ct/ml)

Surface roughness after
polishing Ra (μm)

The SNR value of surface
roughness after polishing

1 A1 (0.5) B1 (20) C1 (39.5) D1 (20) E1 (0.181) 0.058 24.731

2 A1 (0.5) B2 (25) C2 (79) D2 (25) E2 (0.285) 0.049 26.196

3 A1 (0.5) B3 (30) C3 (118.5) D3 (30) E3 (0.385) 0.016 35.918

4 A1 (0.5) B4 (35) C4 (158) D4 (35) E4 (0.522) 0.045 26.936

5 A2 (1) B1 (20) C2 (79) D3 (30) E4 (0.522) 0.024 32.396

6 A2 (1) B2 (25) C1 (39.5) D4 (35) E3 (0.385) 0.067 23.479

7 A2 (1) B3 (30) C4 (158) D1 (20) E2 (0.285) 0.073 22.734

8 A2 (1) B4 (35) C3 (118.5) D2 (25) E1 (0.181) 0.032 29.897

9 A3 (1.5) B1 (20) C3 (118.5) D4 (35) E2 (0.285) 0.047 26.558

10 A3 (1.5) B2 (25) C4 (158) D3 (30) E1 (0.181) 0.037 28.636

11 A3 (1.5) B3 (30) C1 (39.5) D2 (25) E4 (0.522) 0.049 26.196

12 A3 (1.5) B4 (35) C2 (79) D1 (20) E3 (0.385) 0.039 28.179

13 A4 (2.5) B1 (20) C4 (158) D2 (25) E3 (0.385) 0.037 28.636

14 A4 (2.5) B2 (25) C3 (118.5) D1 (20) E4 (0.522) 0.032 29.897

15 A4 (2.5) B3 (30) C2 (79) D4 (35) E1 (0.181) 0.049 26.196

16 A4 (2.5) B4 (35) C1 (39.5) D3 (30) E2 (0.285) 0.079 22.047
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1Cr18Ni9Ti austenitic stainless steel. The tool life test condi-
tions are shown in Table 6.

Tool life can be characterized by the working time of the
insert without adjustment or replacement, the number of ma-
chined parts, the length of the tool path, or the area of the
machined surface [14]. In the paper, the tool life has been
defined as the elapsed machining time when the flank wear
reaches the allowed limit equal to the criterion 0.2 mm. The
ultra-depth of field microscope (HIROX) is used to observe
the insert rake face and flank wear at every 2 min.

3 Results and discussions

3.1 Cemented carbide inserts processed with the CMP
method

According to the orthogonal experiment scheme, the L9
(34) orthogonal table is selected to rough polishing and
semi-polishing experiment. The L16 (45) orthogonal table
is selected to fine polishing experiment. The smaller-the-
better (Eq. (3)) is selected for the surface roughness.
Taguchi’s method, which applied a signal-to-noise ratio

to represent the quality characteristic, obtained an optimal
process parameter combination through finding the largest
signal-to-noise ratio. The experimental data are listed in
Tables 7, 8, and 9.

According to Tables 7, 8, and 9, the responses of signal-to-
noise ratios for different levels of factors are listed in
Tables 10, 11, and 12. A1B2C2D2 is the optimal parameter
combination for rough polishing process which gives the larg-
est sum of signal-to-noise ratio. Namely, the optimal parame-
ter combination is with SiC abrasive particle size of 26 um,
polishing speed of 50 rpm, polishing pressure of 177.8 kPa,
and polishing time of 50 min. In the same way, A3B3C3D3 is
the optimal parameter combination for the semi-polishing pro-
cesses. Namely, the optimal parameter combination is with
SiC abrasive particle size of 5 um, polishing speed of
40 rpm, polishing pressure of 138.25 kPa, and polishing time
of 45 min. A1B1C3D3E3 is the optimal parameter combina-
tion for the fine polishing process. Namely, the optimal pa-
rameter combination is with diamond powder size of 0.5 um,
polishing speed of 20 rpm, polishing pressure of 118.5 kPa,
and polishing time of 30 min, abrasive concentration of
0.385 ct/ml.

Finally, the optimal combination for rough polishing, semi-
polishing, and fine polishing are used to prepare better surface
quality of the inserts. The ultra-depth of field microscope
(HIROX) is used to observe the surface topography of the
grinding and polished inserts under the condition of 500 times,
which are shown in Figs. 3 and 4. It is found that there are a lot
of deep scratches on the rake face of the grinding insert. There
is few scratch on the rake face of the polished insert. So, the
quality of rake face of the polished insert is better than the
grinding insert.

The atomic force microscope (AFM) is used to observe the
rake face topography and roughness of the polished insert,
which are shown in Figs. 5 and 6. It is found that the rake face
of the polished insert is extremely flat, and 14.399 nm Ra on
the rake face is obtained.

3.2 Cutting force

Cutting force is one of the important physical phenomena in
the cutting process and is also one of the important contents of
cutting performance of the grinding and polished inserts.

Table 10 SNR level response of rough polishing surface roughness

SNR of rough polishing surface roughness (dB)

Levels A, SiC abrasive
particle

B, Polishing
speed

C, Polishing
pressure

D, Polishing
time

1 5.016 5.040 3.688 2.904

2 4.347 5.809 7.080 6.530

3 4.729 3.242 3.324 4.657

Table 11 SNR level response of semi-polishing surface roughness

SNR of semi-polishing surface roughness (dB)

Levels A, SiC abrasive
particle

B, Polishing
speed

C, Polishing
pressure

D, Polishing
time

1 8.916 8.659 7.665 6.833

2 8.271 8.650 8.939 8.194

3 8.969 8.847 9.552 11.129

Table 12 SNR level response of fine polishing surface roughness

Levels A, Diamond
powder

B, Polishing
speed

C, Polishing
pressure

D, Polishing
time

E, Abrasive
concentration

1 28.445 28.080 24.113 26.385 27.365

2 27.127 27.052 28.242 27.731 24.384

3 27.392 27.761 30.568 29.749 29.053

4 26.694 26.765 26.736 25.792 28.856
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There are many factors that affect the cutting force in the
cutting process, such as cutting parameters, tool geometry
parameters, tool surface quality, and so on, especially the tool
surface quality has an important influence on the cutting force.
The friction coefficient between the tool surface and the work-
piece material affects the change of the friction force, and
directly affects the change of cutting force, further affects the
tool wear and breakage and the machined surface quality.
Hence, the analysis of cutting force signal is getting more
and more important. The single factor test is carried out to
study the influence of the surface quality of the grinding and
polished inserts on the cutting force. The main cutting force
Fz, back force Fy, and feed force Fx are measured by the
dynamometer. The variations of cutting force with different
cutting parameters are shown in Figs. 7, 8, and 9, respectively.

It is found that with the increase of depth of cut ap and feed
rate f, the main cutting force Fz of the grinding and polished
inserts increased, and the main cutting force Fz decreased with
the increase of the cutting speed vc, but when the cutting speed
is more than 120 m/min, the cutting force Fz decreased slowly.
In general, the cutting force of the polished insert is smaller
than the grinding insert with the same cutting condition. The
reason is that the roughness of the polished insert rake face is
lower than the grinding insert, and the cutting edge of the
polished insert is sharp. Therefore, the friction force between

the rake face and the chip is small, and the cutting force is also
small.

The relationship between the cutting parameters and the
cutting force can be expressed by the following formula:

F ¼ CFapb1 f b2vb3 ð4Þ

where F is the cutting force (N), CF is the correlation co-
efficient, b1 is the effect index of cutting depth ap on the
cutting force, b2 is the effect index of feed rate f on the

Fig. 3 Grinding insert rake face

Fig. 4 Polished insert rake face

Fig. 5 Rake face topography of the polished insert

Fig. 6 Rake face roughness of the polished insert
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cutting force, and b3 is the effect index of cutting speed vc
on the cutting force.

Fig. 8 Effect of feed rate f on the
cutting force of the grinding and
polished inserts

Fig. 7 Effect of depth of cut ap on
the cutting force of the grinding
and polished inserts

Fig. 9 Effect of cutting speed vc
on the cutting force of the
grinding and polished inserts

Int J Adv Manuf Technol (2018) 95:4129–4140 4135



According to the cutting force data, the empirical formula
of cutting force can be obtained by regression analysis, which
is shown as follows.

The grinding insert:

Fx ¼ 5955a0:885p f 0:473v−0:41 R2 ¼ 0:9622

Fy ¼ 1450a0:25p f 0:556v−0:221 R2 ¼ 0:962

Fz ¼ 6209a0:85p f 0:718v−0:222 R2 ¼ 0:977

8><
>: ð5Þ

The polished insert:

Fx ¼ 5910a0:89p f 0:537v−0:405 R2 ¼ 0:9786

Fy ¼ 1432a0:352p f 0:682v−0:184 R2 ¼ 0:9809

Fz ¼ 5559a0:835p f 0:731v−0:217 R2 ¼ 0:9812

8><
>: ð6Þ

The calculated cutting force agreed well with the exper-
iment results, and the determination coefficient R2 value of
the above regression results is good. As for the feed force
Fx and cutting force Fz of the grinding and polished inserts,
it can be seen that depth of cut ap played a predominant
role, followed by feed rate f and cutting speed vc. But as for
the back force Fy, it can be seen that feed rate f played a
predominant role, followed by depth of cut ap and cutting
speed vc.

3.3 Tool life

During the cutting test, the depth of cut ap and feed rate f are
kept constant at 0.5 mm and 0.15 mm/r, respectively, and the
cutting speed vc varied at 50, 80, and 120 m/min. The flank
wear VBB values of the grinding and polished inserts are mea-
sured and the average values are plotted as a function of

cutting time with different cutting speeds, which are shown
in Figs. 10 and 11, respectively.

It is found that the larger the cutting speed means more
serious thermal, mechanical, and chemical impact on the cut-
ting tool. Therefore, it can be concluded that the flank wear
VBB values of the grinding and polished inserts increased with
the increase of cutting speed vc, namely the cutting time of the
grinding and polished inserts decreased with the increase of
cutting speed vc. Under the same cutting speed, the cutting
time of the polished insert is longer than that of the grinding
insert, and the average life of the polished insert is 32.3%
longer than that of the grinding insert.

3.4 Tool wear

During the cutting test, the depth of cut ap and feed rate f
are kept constant at 0.5 mm and 0.15 mm/r, respectively,
and the cutting speed vc varied at 50, 80, and 120 m/min.
The ultra-depth of field microscope is used to observe the
insert rake and flank wear. The rake and flank wear mor-
phology of the polished and grinding inserts is shown in
Fig. 12, which are magnified 160 times in the ultra-depth
of field microscope.

Figure 12a, b shows that there is adhesive wear on the
grinding insert rake face during cutting 1Cr18Ni9Ti aus-
tenitic stainless steel with the cutting speed of 50 m/min,
and notch wear can be seen on the flank face due to the
friction between the hard particles of workpiece and grind-
ing insert flank face. From Fig. 12c, d, it is found that with
the increase of cutting speed increased to 80 m/min, the
adhesive wear became obvious on the rake face due to the
high speed flow of chips, especially adjacent to the tool
edge, and notch wear is also the main wear form of the
flank face. From Fig. 12e, it is found that with the increase
of cutting speed increased to 120 m/min, the adhesive

Fig. 11 Flank wear VBB values of the polished insert as a function of
cutting time under different cutting speeds

Fig. 10 Flank wear VBB values of the grinding insert as a function of
cutting time under different cutting speeds
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wear appeared more serious on the rake face due to the
high speed flow of chips, and notch wear can be seen on
the flank face.

Figure 12f, g shows that there is similarly adhesive wear on
the polished insert rake face during cutting 1Cr18Ni9Ti aus-
tenitic stainless steel with the cutting speed of 50 m/min, but

(a) Rake wear morphology of the grinding insert with cutting speed vc=50m/min.

(b) Flank wear morphology of the grinding insert with cutting speed vc =50m/min.

(c) Rake wear morphology of the grinding insert with cutting speed vc =80m/min.

(d) Flank wear morphology of the grinding insert with cutting speed vc =80m/min.

(e) Rake and wear morphology of the grinding insert with cutting speed vc =120m/min.

T=2min          T=4min           T=2min           T=4min

Rake face Flank face Flank faceRake face

T=2min          T=4min           T=6min          T=8min

T=2min          T=4min            T=6min           T=8min

T=2min          T=6min            T=10min         T=14min

T=2min           T=6min            T=10min          T=14min

Fig. 12 Rake and flank wear morphology of the grinding and polished
inserts with different cutting speeds. (a) Rake wear morphology of the
grinding insert with cutting speed vc = 50 m/min. (b) Flank wear
morphology of the grinding insert with cutting speed vc = 50 m/min. (c)
Rake wear morphology of the grinding insert with cutting speed vc =
80 m/min. (d) Flank wear morphology of the grinding insert with
cutting speed vc = 80 m/min. (e) Rake and wear morphology of the

grinding insert with cutting speed vc = 120 m/min. (f) Rake wear
morphology of the polished insert with cutting speed vc = 50 m/min. (g)
Flank wear morphology of the polished insert with cutting speed vc =
50 m/min. (h) Rake wear morphology of the polished insert with cutting
speed vc = 80 m/min. (i) Flank wear morphology of the polished insert
with cutting speed vc = 80 m/min. (j) Rake and wear morphology of the
polished insert with cutting speed vc = 120 m/min
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the adhesive wear on the rake face less serious than the grind-
ing insert. In addition, at the end of the machining, tool mate-
rials spalling after the adhesive of workpiece materials can be
seen on the rake face, which results in the micro chipping on
the cutting edge. Figure 12h, i shows that with the increase of
cutting speed increased to 80 m/min, the adhesive wear be-
came obvious, but the height of the adhesive layer is lower

than that of the grinding insert, and notch wear and chipping
of cutting edge can be seen on the flank face. Figure 12j shows
that with the increase of cutting speed increased to 120 m/min,
the adhesive wear appearedmore serious, and the height of the
adhesive layer is also lower than that of the grinding insert,
and the notch wear is the main wear form of the polished insert
flank face.

(f) Rake wear morphology of the polished insert with cutting speed vc =50m/min.

(g) Flank wear morphology of the polished insert with cutting speed vc =50m/min.

(h) Rake wear morphology of the polished insert with cutting speed vc =80m/min.

(i) Flank wear morphology of the polished insert with cutting speed vc =80m/min.

T=2min       T=4min           T=6min           T=10min

T=2min          T=4min            T=6min           T=10min

T=2min           T=6min            T=10min           T=18min

T=2min       T=6min          T=10min       T=18min

(j) Rake and wear morphology of the polished insert with cutting speed vc =120m/min.

Rake face Rake face Flank face Flank face

T=2min          T=6min           T=2min        T=6min

Fig. 12 (continued)
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The scanning electron microscopy (SEM) and the ener-
gy dispersive spectrometer (EDS) are used to observe the
rake wear of the polished and grinding inserts with ap as
0.5 mm, f as 0.15 mm/r, and vc as 80 m/min, which are
shown in Figs. 13 and 14, respectively.

Figure 14 shows the EDS spectrum of the worn rake
faces of the grinding and polished inserts with ap as
0.5 mm, f as 0.15 mm/r, and vc as 80 m/min. Fe, Cr, Ni,
O, C, Co, and W content can be seen on the worn rake
faces of the grinding and polished inserts. The existence
of Fe, Ni, and Cr elements indicated the adhesion of
1Cr18Ni9Ti workpiece materials on the tool insert due to
the pressure and heat produced during cutting process. The
existence of O element indicated the area near the insert
corner occurred oxidation wear. There are Fe, Cr, Ni, Co,
and W peaks on the worn rake face of the grinding and
polished inserts, revealing the combination of adhesive
wear and abrasive wear. Considering the wear morphology
and EDS peaks intensity, the adhesive wear, abrasive wear,
and minor oxidation wear appear on the rake face of the
polished insert, and the combination of more serious adhe-
sive wear, abrasive wear, and oxidation wear exist on the
rake face of the grinding insert.

4 Conclusions

This work has investigated the chemical mechanical polishing
process of insert surfaces to improve the insert quality. The

Fig. 14 EDS spectrum of the
worn rake face of the grinding and
polished inserts, (a) grinding
insert and (b) polished insert

Fig. 13 Rake wear morphology of the grinding and polished inserts with
cutting speed vc as 80 m/min, (a) grinding insert and (b) polished insert
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parameters of the chemical mechanical polishing process are
optimized with orthogonal experiments and Taguchi’s meth-
od. The surface finish Ra of the insert rake face is 14.399 nm.
The inserts made with the conventional grinding and the CMP
methods are used to lathe 1Cr18Ni9Ti austenitic stainless
steel. Under the same cutting conditions, the cutting forces
of the polished insert is less than those of the grinding insert,
the cutting time of the polished insert is longer than that of the
grinding insert, and the average life of the polished insert is
32.3% longer than that of the grinding insert. The polished
insert rake face has less adhesive, abrasive, and minor oxida-
tion wear, compared to the wear of the grinding insert rake
face. This study is useful to advance research on improving
the insert quality.
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