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Abstract

Wear behavior of micro-textured insert with lubrication was studied. Micro-pits with different diameters (80-200 pum), depths
(3—10 um), and area occupancies (10-30%) were manufactured on the tool rake face near the main cutting edge. Experimental
research was conducted to reveal the effect of micro-pits on tool-chip interface friction characteristics. Besides, the texture
parameter with better tribological characteristics was selected to study the wear mechanism of textured insert. Scanning electron
microscopy analysis was conducted on the worn area of rake face. The results confirmed that the micro-textures can effectively
reduce the average shear strength of rake face and actual tool-chip contact length during machining. The best average friction
coefficient can be obtained with texture diameter of 170 um, depth of 7 um, and area occupancy of 20%. Adhesive wear,
diffusion wear, and oxidation wear appeared on the worn area of rake face. The micro-textures can effectively reduce the
diffusion wear and suppress the built-up edge (BUE) by improving tool-chip interface friction characteristics. The findings are

of significance for enhancing the application of textured insert with excellent tribological characteristics.
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1 Introduction

Wear behavior between the tool-chip interface has always
been an important issue which can affect the cutting perfor-
mance. Recently, micro-texture technology has made consid-
erable process in the field of tribology. Wear behavior be-
tween the friction pairs can be effectively improved with
micro-texture and lubrication. It also shows great prospects
in the application of metal-cutting process. The introduction
of micro-texture on the certain place can improve the friction
characteristics at the tool-chip interface with lubrication.
Therefore, micro-textured cutting tools have drawn a great
deal of research attention [1, 2]. Arslan et al. [3] presented a
review article and pointed out that the cutting performance,
wear behavior, and friction characteristics can be improved
with micro-textured inserts.

In terms of cutting performance, many studies were con-
ducted with micro-textured inserts [4, 5]. The effect of micro-
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textures on lubrication behavior with cemented carbide tools
was studied by Ge et al. [6]. It showed that the lubricants can
enter the tool-chip interface through micro-grooves, and main
cutting force can be reduced by more than 20%. The micro-
textured insert can also be used to improve the cutting perfor-
mance during the machining of titanium. Liu et al. [7] pointed
out that the introduction of micro-textures on WC-10Ni;Al
cutting tools can effectively improve the cutting performance
and wear behavior on the insert worn area during the turning
of Ti6Al4V. Duan et al. [8, 9] pointed out the derivative cut-
ting behavior with micro-textured tools, which would accel-
erate texture wear and lead to a severer tool-chip interface
friction. The micro-textures can also be manufactured on a
sapphire cutting tool, where the friction coefficient decreased
about 8% on average, and the adhesion length was reduced by
28% [10]. Besides, built-up edge stabilization and tool wear of
micro textured cemented carbide tools were also investigated.
It confirmed that the micro-textures can improve the wear
behavior when compared with untextured tools in terms of
corner radius wear [11]. The micro-textured tools can also
be used to improve the wood cutting performance [12]. The
investigations presented above confirm that the introduction
of micro-texture on the certain place of insert can indeed im-
prove the cutting performance.
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Furthermore, many studies were conducted on the optimi-
zation of texture parameters and forms. Liu et al. [13] present-
ed that the process of lubricant entering the tool-chip interface
was effectively influenced by the texture parameters. The size,
shape, and combination of micro-textures should be optimized
with taking both lubrication and strength of insert rake face
into consideration. Ye et al. [14] optimized the texture param-
eters and confirmed that the micro-grooves with groove spac-
ing of 100 um, groove depth of 20 um, and groove width of
50 wm can improve the cutting performance and wear behav-
ior more significantly. Sun et al. [15] presented the cutting
performance of hybrid-textured tools and analyzed the process
of cutting fluids entering the tool-chip interface through hy-
brid textures. Micro-textures can also be used for machining
heat-resistant superalloys (HRSA) [16]. Cylindrical dimples
on the rake face and square pyramids on the flank face were
manufactured on the carbide tools which were used for ma-
chining alloy 718. The research confirmed that the micro-
textures on the rake and flank face can effectively improve
the wear behavior, leading to an increase of tool life about
30%. In order to optimize the texture parameters, orthogonal
cutting of aluminum was conducted with different texture di-
ameters (50, 100, and 150 um), depths (10, 25, and 50 pum),
and pitches (50, 100 and 150 pm) [17]. Pang et al. [18, 19]
designed conical micro-grooved texture and studied the effect
of the new texture form on tool-chip interface friction coeffi-
cient with lubrication. It confirmed that the conical micro-
grooved texture can also improve the friction characteristics
and reduce the friction coefficient. Additionally, statistical
methods have shown the potential to optimize the texture pa-
rameters [20].

In recent years, self-lubricating and dry manufacturing
were proposed for their environment friendly properties.
Gajrani et al. [21] discussed the cutting performance of tex-
tured tools without cutting fluids. Afterwards, textured tools
coated with MoS, solid lubricant presented 23.5% lower tool-
chip interface temperature and 41.06% reduction in the cutting
force when compared with untextured tools [22]. Xing et al.
[23] designed nano-textured inserts with WS,/Zr coating and
showed better friction characteristics during dry cutting. A
comparative study of self-lubricating inserts was conducted
by Sharma and Pandey [24], and it showed that the cutting
forces and chip thickness ration can be reduced for more than
30% and 3%, respectively, with hybrid textured inserts. Feng
et al. [25] applied the micro-texture to ceramic insert and
confirmed that the cutting performance and wear behavior
can also be improved without lubrication. Kang et al. [26]
presented experimental studies on micro-textured inserts to
improve the tool-chip interface friction characteristics. The
cutting performance was studied in terms of cutting force, chip
form, and wear behavior. It also pointed out that the advan-
tages would be weakened when the micro-textures disap-
peared during the dry machining.
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However, the studies about textured insert mainly focused
on the cutting performance [27, 28], new micro-texture form
[18, 19], and self-lubricating [21], as well as the lubrication
mechanisms of micro-textures. The detailed investigations on
the wear mechanism of micro-textured inserts have rarely
been reported. Appropriate micro-textures can effectively im-
prove the cutting performance and tool wear. However,
micro-textures can also destroy the strength of the insert and
reduce the tool life, if they are not properly used. A further
investigation in the wear mechanism of micro-textured inserts
can present the advantages of micro-textures in tool wear and
improve the tool life. Therefore, in this work, the wear mech-
anism of micro-textured inserts was presented by both exper-
imental observations and theoretical analysis. The wear mech-
anism in terms of adhesion, diffusion, and oxidation was an-
alyzed in detail during the machining of AISI 1045 steel with
micro-textured cemented carbide tools. The texture parame-
ters were optimized with experiments to research the wear
mechanism of textured inserts. In order to show the wear
behavior more clearly, scanning electron microscopy (SEM)
and energy dispersive spectrometer (EDS) were conducted on
the worn area of rake face. This research may have an impor-
tant contribution to revealing the wear mechanism of micro-
textured inserts.

2 Experimental details
2.1 Workpiece and tool material

The workpiece used in this research is AISI 1045 steel bar.
Table 1 presents the compositions and physical performance
of AISI 1045 steel [18]. The workpiece used in this research is
a metal bar with diameter of 90 mm and length of 400 mm.
The WC-TiC/Co cemented carbide insert (YT15 uncoated)
used in this research is commercially available, and the com-
positions and physical performance of YT15 inserts are shown
in Table 2.

2.2 Cutting conditions

The research on the wear mechanism of micro-textured
cemented carbide tools was carried out on a CA6140 lathe,
which was equipped with a three-dimensional dynamometer.
The working geometrical parameters of the cemented carbide
tools are shown in Table 2. The water-miscible cutting fluid
(JR3A, 2.5%) was prepared. During machining, the insert rake
face was supplied with continuous cutting fluids, and the flow
rate was set to 10 L/min. The cutting force was measured with
a three-dimensional dynamometer Kistler 9257B. The dyna-
mometer has high resolution and reliability. The measuring
ranges of Fy, F,, and F, are 5 kN, 5 kN, and 10 kN,
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Table 1 Compositions and

physical performance of AISI Compositions (wt%)

1045 steel
C Si Mn Cr Ni Cu P S
0.42-0.5 0.17-0.37 0.5-0.8 <0.25 <0.25 <0.25 <0.035 <0.035
Physical performance
Density (g/cm3) Hardness (HRC) Tensile strength (MPa) Yield strength (MPa)

7.85 30

600 355

respectively. The sensitivity of F, (F}) is = 7.5 pC/N and — 3.7
pCIN for F..

2.3 Tool texturing

The micro-textures on insert rake face were manufactured
with a fiber laser engraving machine YLP-F10. It has a wave-
length of 1.06 um, out power of 0—10 W, and plus frequency
of 20 to 100 kHz. Before the texturing process, the YT15
insert especially for the rake face was cleaned with acetone.
During laser texturing process, many burrs may come up near
the edges of the textures. Then, the rake face of the textured
insert was polished with abrasive paper to eliminate these
burrs. Finally, ultrasonic cleaning was conducted to remove
the residual pollutants in the textures. Figure 1 presented the
diagram of micro-textures processing.

The micro-textures selected in this research were micro-pits
for their symmetrical pattern, which would yield more consistent
results [17]. Previous studies confirmed that micro-pit textures
had better wear resistance performance, as compared with micro-

groove textures [11]. Micro-pits can exhibit better performance
than micro-grooves especially under a severe lubricating condi-
tion [29]. The texture parameters (diameter, depth and area oc-
cupancy) can also affect the wear resistance performance during
the machining with lubrication. Therefore, based on these re-
searches mentioned above and the limit of fiber laser engraving
machine, the texture parameters and machine parameters during
the texture manufacture process were presented in Table 3. Here,
texturing times were the number of repetitional processing times
used to change the depth of micro-pit. Area occupancy was
presented in Fig. 2. The texture parameters were checked with
Talysurf CCI Lite non-contact 3D optical profilometer.
Micromorphology of the textures on the rake face was shown
in Fig. 3. To reveal the influence of texture diameter on cutting
performance, the depth and area occupancy will keep constant
when diameter ranges from 80 to 200 um. Same method was
conducted for the study of texture depth and area occupancy. It
should be noticed that T4, T8, and T14 have the same texture
parameters. The purpose of this design is to make the relationship
between each parameter and cutting performance clearer.

Table 2 Compositions, physical performance, and working geometrical parameters of YT15 inserts

Compositions (wt%)

Physical performance

wC TiC Co Density (g/cm3) Hardness (HRA) Flexural strength (MPa)
79 15 6 11.5 91 1150
Working geometrical parameters

Rake angle 7, -8°

Clearance angle «,, 18°

Inclination angle ﬂ,S . 0°

Side cutting edge angle K, 42°

Corner radius 7, 0.8 mm
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Fig. 1 Diagram of micro-textures
processing

2.4 Cutting tests and measurements

The experiment was conducted with the CA6140 lathe and
lubrication. The textured inserts were named T1-T15 with
different texture parameters, as shown in Table 3. The
untextured inserts were named TO for comparison. The hard-
ness of 1045 steel was relatively small. In order to obtain a

Fiber laser engraving

Deburring and cleaning

better surface roughness, a higher cutting speed, lower depth
of cut, and feed rate were selected during machining. In this
part, the cutting parameters were cutting speed v =120 m/min,
depth of cut a,=0.5 mm, and feed rate f=0.1 mm/r. The
cutting tests were conducted at room temperature (24 °C).
Cutting force was measured with the three-dimensional dyna-
mometer during machining. The cutting tests were performed

Table 3 Texture parameters and

laser processing parameters used Texture parameters

Laser processing parameters

in this research

No.  Diameter d Depth & Area occupancy w Scanning Texturing Power

(um) (um) (%) Speed times (W)
(mm/s)

Tl 80

T2 110

T3 140 7 20 270 4 29

T4 170

T5 200

T6 10

T7 15

T8 170 7 20 270 4 29

T9 25

T10 30

TI11 3 2 29

T12 4 2 3.1

T13 170 5 20 270 3 2.9

Tl4 7 4 2.9

T15 10 5 3.0
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three times for each condition, and the average values were
recorded and calculated. Figure 4 presents the experimental
setup during the machining.

The friction characteristics of tool-chip interface can direct-
ly influence the wear behavior on rake face. The introduction

Fig. 3 Micromorphology of
textures on the T14 insert rake
face
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Fig. 4 The experimental setup during the machining

of micro-textures can effectively improve the tool-chip inter-
face friction characteristics. To make the advantages of micro-
textures clearer and study the wear behavior of textured in-
serts, the texture parameters with lower tool-chip interface
friction coefficient were selected. Based on the experimental
results, T14 insert was selectedm and untextured insert (TO)
was used for comparison. To study the wear behavior of tex-
tured inserts, continuous cutting was conducted during the
tests. The machining time was set as 210 s for each sample,
and the cutting parameters were enlarged (cutting speed v=

T14 insert -

o \

L 6.8

6
5.6

4.8

h=7um w=20% &,
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Fig. 5 Result of cutting forces
with T14 inserts at the speed of
120 m/min
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200 m/min, depth of cut a,=0.5 mm, and feed rate f=
0.14 mm/r) to obtain obvious wear marks. The cutting forces
were measured throughout the machining. To reveal the worn
morphology and chemical composition on the rake face, SEM
and EDS analysis were conducted on the worn area near the
main cutting edge (T14 and TO).

3 Results and discussion

3.1 Analysis of cutting forces

Figure 5 presents the results of cutting forces obtained
from the dynamometer with T14 insert with cutting speed

s
P
T r T T p T y T Yo ertew J
7 3 g i 7 T4 B Lola8. ] %

Cycle No.: 1

Time (s)

of 120 m/min. During the recording of cutting forces, the
zero drifts of the dynamometer were removed. The main
cutting force £, is larger than the radial force I, and axial
force F,. The cutting forces of the textured inserts (T1-
T15) and untextured insert (TO) at the speed of 120 m/
min with lubrication are presented in Fig. 6. The result
shows that the cutting forces of textured inserts are much
lower than untextured insert. It also confirms that micro-
pits on the rake face can effectively reduce the cutting
forces by changing the tool-chip interface friction charac-
teristics with lubrication.

Here, the machining process stays in the boundary lubrica-
tion condition. There is a lubrication layer between the tool
rake face and chip. It cannot completely separate the

Fig. 6 Cutting forces of textured
inserts (T1-T15) and untextured

insert (TO) at the speed of 120 m/
min with lubrication
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workpiece and insert during the machining. Therefore, the
frictional force of the tool-chip interface £-can be express as:

Fp=A71.=Akry + (1-k)7/] (1)

where A, is the total contact area of the tool-chip interface,
T. is the average shear strength, £ is the metal adhesion
area percentage in the total contact area, 7, is the shear
strength of the metal adhesion area, and 75 is the shear
strength of the lubrication layer. According to Eq. (1),
the frictional force is mainly depended on the percentage
of metal adhesion area. Because the shear strength of
workpiece material and lubrication layer is constant, the
introduction of micro-textures can reduce the metal adhe-
sion area, which will enlarge the contact area of lubricant.
The shear strength of the lubrication layer is much lower
than that of metal adhesion area. Finally, the average
shear strength 7. and frictional force Fy will decrease.
The frictional force can also be calculated by:

Ff = A/Tc = awlf’l'c (2)

where the resultant force F,, the main cutting force F,, and
radial force F), can be expressed as [25].

F, = Fy/sinf = ayl,./sin (3)
Fy = F,sin(3—y,) = aylTesin(B—,)/sins 4)
F, = F.co8(6—,) = awlyT.c08(6—,)/sins. (5)

Here, [ is the actual tool-chip contact length, and a,, is the
cutting width. Accordingly, it indicates that there is a linear
relationship between the cutting forces (£, £}, and F) and
average shear strength 7. and actual tool-chip contact length /.
The introduction of micro-textures can reduce the average
shear strength, as shown in Eq. (1). In addition, the introduc-
tion of micro-textures can also reduce the actual tool-chip
contact length during the machining. Therefore, the resultant
force F,, main cutting force £, and radial force F, will be
improved, as shown in Fig. 6.

3.2 Friction characteristics

Friction characteristics of the insert worn area can directly
influence the cutting performance and tool wear. In order to
reveal the tool-chip interface friction characteristics, average
friction coefficient was calculated based on the cutting force
results. The average friction coefficient can be expressed with
following formulas:

tan (§—v0) = Fy/ F- (©)
8= tan”! (Fy/Fz> + % (7)
u=tanB = tan[tan"' (F,/F.) + ) (8)

0.57
=
2 —m—y
- d
S 0.56f .__’/./\.
S
=
2
2 oss [
£ 0.55
@
)
«
T
g -
« 0.54+ =]
053 1 1 1 1 1
80 110 140 170 200
Diameter (um)
(@
0.60
R
2 —o—u
< | ]
g
3
S 058}
8
£
8
&
% 0.6 - " °
g ]
o
»
<«
0.54 - °®
1 1 1 1 1
10 15 20 25 30
Area occupancy (%)
(b)
- [—a— u
Z0.60 | L
(%} B
.‘:J A
bS
-
=]
<
= 058 F
2
Z i
&= A
v
200.56 A~
St
v
>
<
0.54 - A
1 1 1 1 1 1 1 1

3 4 5 6 7 8 9 10
Depth (um)

(©)

Fig. 7 Average friction coefficients of textured inserts a T1-T5, b T6-
T10, and ¢ T11-T15

where [ is the friction angle, ~, is the rake angle, and u is the
average friction coefficient. The tool-chip interface average
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friction coefficients of textured inserts at the speed of 120 m/
min with lubrication are presented in Fig. 7. It reveals the
relationship between texture parameters (diameter, depth,
and area occupancy) and average friction coefficient directly.
Here, the average friction coefficient of untextured insert TO is
0.589. Compared with untextured insert, the average friction
coefficients of textured inserts are effectively reduced.
Figure 7a shows that the average friction coefficient decreases
first and then increases with the diameter ranging from 80 to
200 pm. The average friction coefficient reaches the lowest
value when the diameter is 170 um. The same variation trend
appears in Fig. 7b, c. The best texture parameters with diam-
eter d=170 um, depth #=7 um, and area occupancy w=
20% are therefore obtained, at which the tool-chip interface
has better wear behavior.

The average friction coefficient mainly depends on friction
characteristics of insert worn area. The normal stress on the
rake face near to the main cutting edge can be presumed to
decrease gradually from the maximum value to zero. The ac-
tual tool-chip contact length /-can be expressed with [30, 31].

§+2  sin(o+ B—)
2 sing cos?

Iy =a 9)
where £ is the stress distribution exponent constant, and ¢ is
the shear angle. Combining Egs. (3) and (9), the resultant
force F, can be expressed with:

sin(¢ + B—p)

_ 2 E+2 )
N sing cosf sin@ ¢

)

F, (10)
Furthermore, the resultant force F, can also be

expressed with workpiece material shear strength 7, as
follows [32]:

awacTs

Fr = Sing cos(@+ Fa)

where 7, is the workpiece material shear strength, and a.
is the cutting thickness. Then, the relationship between
the friction angle 3 and the average shear strength 7. is
obtained as follows based on Eqs. (10) and (11):

awTe (€4 2)sin2(p + )
20,7

(11)

sin2(3 = (12)

Here, the friction angle is less than 45°, then the friction
angle and average friction coefficient u increase linearly with
average shear strength 7. Therefore, the average friction co-
efficient u can be improved with micro-textures, which is
mainly due to the decreasing of average shear strength 7, at
the tool-chip interface.

On the other hand, the variation of average friction coeffi-
cient u can also be explained with shear angle ¢, which can be
calculated by [6].

@ Springer

¢ =7/4+7/2-5/2 (13)

It can directly reflect deformation and show the variation
trend of friction angle. The introduction of micro-textures can
also increase the shear angle as shown in previous researches
[15], which will result in less friction angle and reduce average
friction coefficient u.

The texture parameter is also important because the perfect
combination of texture parameter can have a better lubrication
condition and wear behavior. The increasing of texture diam-
eter and area occupancy can directly reduce the metal adhe-
sion area percentage, which will result in a lower average
shear strength and average friction coefficient. However, the
oversized texture diameter and area occupancy will destroy
the strength of the insert, which will lead to a serious wear
behavior and an increasing of average friction coefficient, as
shown in Fig. 7a, b. These results indicate that the micro-pits
with suitable parameters can have a better cutting performance
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Fig. 8 Resultant force (a) and average friction coefficient (b) throughout
the machining
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by reducing the average shear strength 7, of the tool-chip
interface.

3.3 Wear behavior

Wear behavior at the tool-chip interface can influence the tool
life. The introduction of micro-textures on the rake face can
improve the wear characteristics at the tool-chip interface and
cutting performance with lubrication. Continuous cutting was
conducted in this part with T14 and TO inserts under lubricat-
ing condition. Here, the cutting parameters were enlarged to
obtain obvious wear marks. The resultant force F, and average
friction coefficient throughout the machining were shown in
Fig. 8. The resultant force and average friction coefficient of
textured insert were lower than those of untextured insert dur-
ing the machining. This is mainly due to the micro-textures
could reduce the average shear strength and improve the tool-
chip interface wear behavior. Besides, roughness of machined
surface was measured with the surface profilometer HT-
SURF10000. The results were shown in Fig. 9, and it indicat-
ed that the machined surface roughness of T14 was almost the
same as that of TO. To study the wear mechanism of textured
insert, worn morphology and chemical composition on the
worn area of T14 and TO inserts were obtained with SEM
and EDS analysis. Figures 10 and 11 presented the SEM
and EDS results of T14 and TO inserts, respectively.
Usually, the wear behavior on the rake face can be
performed in terms of abrasive wear, adhesive wear, dif-
fusion wear, and oxidation wear. Abrasive wear is mainly

Fig. 9 Roughness of machined 0
surface with untextured and +25 i
textured inserts :

+12.5

due to the hard grains from workpiece material and
dislodged grains from insert. Here, the abrasive marks
are not obvious in Figs. 10 and 11. The reason is that
the hardness of the insert material is much higher than
the workpiece material.

Adhesion on the rake face is observed both for the textured
insert T14 and untextured insert TO. The adhered material
mainly consists of Fe elements. The adhesion on textured
insert appears large area aggregation especially near the edge
of texture, which is mainly due to the derivative cutting be-
havior of the micro-texture. The adhesion can cover the tex-
tures if it is serious. Then, the effect of micro-textures on tool-
chip interface friction will be weakened. If the machining time
is long enough, the textures will be all covered by adhesion,
and the average friction coefficient of textured insert will be
the same as untextured insert, as shown in Fig. 8. In addition,
on the rake face of untextured insert, built-up edge (BUE)
appears. Here, the BUE will replace the main cutting edge
and participate in the machining process. Then, it will increase
the actual working rake angle r,,, and reduce the cutting forces
during the machining. Therefore, cutting force of untextured
insert in Fig. 8 shows an obvious decreasing trend at the be-
ginning. However, the micro-textures have shown a positive
effect on the wear behavior. It can reduce the tool-chip inter-
face frictional force, which can reduce the cutting temperature.
Then, the BUE is suppressed during the machining with tex-
tured insert. The BUE structure is instable during the machin-
ing process. It will lead to a destruction of the workpiece
surface and reduce the tool life. Thus, the micro-textures can
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To f Surface Roughness R=1507um
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Fig. 10 SEM and EDS results of the rake face of textured insert T14
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Fig. 11 SEM and EDS results of the rake face of untextured insert TO
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effectively suppress the formation of BUE and improve the
cutting performance.

Additionally, a lot of Fe and O elements appeared on the
worn area of both textured insert and untextured insert. The Fe
elements mainly come from the workpiece material, and O
elements come from the air. It indicates that the diffusion wear
and oxidation wear occur during the machining. Figures 10
and 11 show that the percentages of Fe elements on the rake
face of T14 (region B) and TO (region E) are about 60% and
90%, respectively. It will destroy the surface chemical com-
position and strength of insert rake face. The textured insert
presents a lower Fe element diffusion. The cutting temperature
is a key factor for diffusion wear. Here, the temperature rise is
mainly caused by the shear heat of workpiece and tool-chip
interface frictional heat. The micro-textures on the rake face
can effectively reduce the average friction coefficient, average
shear strength, and frictional force at the tool-chip interface.
Therefore, the cutting temperature will be reduced with the
decreasing of tool-chip interface frictional heat. Then, the dif-
fusion wear will be suppressed in the textured insert with
lubrication. Here, the O elements are observed at the edge of
the worn area of T14 (region C) and TO (region F). The normal
stress is relatively small in this place for it is far from the main
cutting edge. Then, the air enters the tool-chip interface during
the machining. However, no O element is found on the worn
area near the main cutting edge of TO (region E). This is
mainly due to the high normal stress in this area. It makes
the air hardly enter the close contact interface. The situation
is different when it comes to textured insert T14. Few O ele-
ments are found on the worn area near the main cutting edge
(region B). The micro-textures can store a small amount of air
while storing the cutting fluids. So that, even in the close
contact area of the tool-chip interface, air participates in the
reaction during the machining. Then, few O elements are ob-
served in this area.

These results indicated that adhesive wear, diffusion wear,
and oxidation wear appeared during the machining of AISI
1045 steel with lubrication. The introduction of micro-textures
can effectively reduce the average shear strength and improve
the wear behavior during the machining. Especially, the dif-
fusion wear and BUE structure on the rake face are signifi-
cantly reduced with textured insert. However, further works
are still needed on the stability of BUE structure with different
cutting parameters and derivative cutting behavior of the mi-
cro-texture.

4 Conclusions

In this work, the influence of micro-textures on the wear
mechanism of WC-TiC/Co cemented carbide inserts was
studied by experimental observations and theoretical analysis.
The results showed that the introducing of micro-texture on

the certain place can effectively reduce the cutting force, tool-
chip interface friction coefficient, and improve the wear
behavior.

The micro-pits on the rake face can reduce the average
shear strength by increasing the contact area of lubricant.
The tool-chip interface friction coefficient and frictional force
will be much lower when compared with untextured insert. A
suitable texture parameter can fully improve the lubrication
performance while maintaining the insert strength. Here, a
lower value of average friction coefficient was obtained with
texture diameters: d =170 um, depth #=7 um, and area oc-
cupancy w =20%.

Derivative cutting behavior of the micro-textures will come
up during the machining. It can form the aggregation of adhe-
sion near the edge of texture. Then, the advantages of micro-
textures will disappear if the machining time is long enough.
The BUE structure will appear on the main cutting edge with
untextured insert in this research. It can reduce the cutting
force by increasing the actual working rake angle. However,
the textured insert can effectively suppress the formation of
BUE with a better wear behavior and a lower cutting
temperature.

Adhesive wear, diffusion wear, and oxidation wear ap-
peared during the machining of AISI 1045 steel with YT15
inserts under lubrication condition. The Fe elements in the
workpiece material will spread to the rake face and destroy
the surface strength of the insert during the machining. The
textured insert can effectively suppress the diffusion of Fe
elements by reducing the tool-chip interface frictional heat.
Oxidation wear can even appear on the textured insert worn
area near the main cutting edge. It is mainly due to the micro-
textures can store part of air while storing the cutting fluids.
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