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Abstract
Difficult-to-machine materials such as Ni-based superalloy suffer from severe tool wear and poor surface quality; there-
fore, the cooling mechanism is the key to improving machining performance and reducing the environmental pollution in 
manufacturing. In the past, plenty of studies verified that the micro-texture on the cutting insert improved the cutting per-
formance under the same cooling condition. The main explanation is that the second generated cracks caused the capillary 
siphon phenomenon and increased the wettability of the subsurface of the workpiece. In order to investigate the effect of 
surface wettability differences on the cutting performance of the tool under different micro-textured morphologies, three 
types of micro-textured CBN tools with pit, linear, and sinusoidal morphologies were fabricated by laser machining technol-
ogy. Through cutting experiments on Inconel 718 Ni-based superalloy, the cutting force, tool wear, and machined surface 
roughness of different micro-textured tools were compared and analyzed. The relationship between cutting performance and 
wettability of different shaped micro-texture was obtained by measuring the contact angle using PT-705B optical angular 
contact meter. The experimental results show that the presence of surface micro-textures enhances the surface wettability 
of the tool. It effectively reduces the cutting force and slows down the rake face’s wear and the machined part’s surface 
roughness. Compared with other morphologies, sinusoidal micro-textured tools show the best cutting performance. Among 
the four morphologies of micro-textured tools, cutting performance improvement increases with surface wettability. More 
generally, these primary findings are consistent with research showing that wettability is critical in micro-texture genera-
tion for high-performance machining. The conclusion is very much the key component in future attempts to overcome the 
assumption of the capillary siphon phenomenon on the subsurface of the workpiece.
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1 Introduction

Ni-based superalloy is a difficult-to-machine material. It has 
an indispensable role in aerospace and other industries due 
to the exceptional mechanical properties and resistance to 
corrosion at elevated temperature [1]. Moreover, CBN tools 
are widely used in cutting difficult-to-machine materials 
because of their high hardness and excellent thermal stabil-
ity. However, in the actual machining process, conventional 
tools’ cooling and lubricating mechanism make the contact 
area between the difficult-to-machine material and the tool 
in a state of high temperature, high pressure, and high stress 

for a long time. The extremely high cutting force and cutting 
temperature lead to excessive tool wear, which also seriously 
affects the machining quality and machining accuracy of the 
workpiece surface and even causes serious environmental 
pollution [2, 3].

In the actual cutting process, in order to achieve cool-
ing and lubrication of the machining area, adding lubricant 
is the most common method. However, the wettability of 
the lubricant on the machined surface is a crucial factor 
affecting its effect, which directly affects cutting fluid pen-
etration and interfacial friction properties of the tool-chip 
interface [4–7]. The design of a reasonable micro-textured 
morphology on the tool surface can significantly influence 
wettability. Because of the capillary action of the grooves 
or stripe patterns in the micro-textures, it will promote the 
spread or sliding of the droplets in the parallel direction, 
thereby increasing the wettability of the processed surface 
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[8]. The change in wettability will affect the speed at which 
the lubricating oil reaches the cutting area during the cut-
ting process so that more lubricating oil is stored in the 
micro-textured space, thereby improving the lubrication 
performance between the tool and the chip and reducing 
the frictional resistance. Therefore, the micro-textured tool 
affects the cutting force during the machining process. At 
the same time, storing more cutting fluid can also achieve 
a better cooling effect, which can significantly reduce the 
cutting temperature during processing and reduce the malig-
nant effects of built-up edge on the tool. These mechanisms 
of surface micro-texture can ultimately achieve the purpose 
of reducing tool wear, improving cutting performance, and 
reducing environmental pollution [9, 10].

In recent years, surface micro-structure has been exten-
sively studied in engineering fields related to cutting and 
machining. Zhang et al. [11] machined micro-groove tex-
tures parallel to the leading cutting edge on the tool’s rake 
face and performed comparative turning experiments with 
conventional tools without surface textures under the action 
of magnetic nanofluid and magnetic field. The results 
showed that when the micro-textured tool and magnetic 
nanofluid were coupled, the cutting force was reduced by 
48.6%, and the surface roughness of the machined workpiece 
was reduced by 49.1%. Wang et al. [12] used a femtosec-
ond laser to machine four micro-textures on the surface of 
diamond tools, namely, straight groove arrays, concentric 
textures, circular arrays, and mesh textures, and investigated 
the effect of different morphological micro-textures on the 
cutting performance of diamond tools. It was found that the 
cutting forces and friction coefficients of micro-textured 
diamond tools, except for concentric textures, were greatly 
reduced. From the above research findings, it can be found 
that surface micro-texture does improve the cutting perfor-
mance of the tool. At the same time, the study of surface 
wettability is receiving increasing attention. Wang et al. 
[13] imitated three surface micro-structures including rice 
leaf, lotus leaf, and snakeskin on a nickel-plated layer, and 
measured the contact angle of the surface. The results found 
that the metal surface was similarly hydrophobic. In order 
to investigate the effect of different dimensional parameters 
and process zone overlap on wettability, Tej Pratap et al. 
[14] used high-speed ball ends to mill three different types 
of micro-textured surfaces with parallel, staggered indenta-
tions, and micro-grids, and measured their contact angles to 
compare the differences in wettability of Ti-6Al-4 V. The 
results showed that all morphologies enhanced surface wet-
tability and that low spacing, high depth, and overlapping 
micro-mesh textures in the processed area produced higher 
wettability.

Although these studies have demonstrated that micro-
textures are beneficial for improving machining performance, 
these studies have focused on simple shape features such as the 

array of holes and linear shapes, lacking other typical features 
such as sinusoidal shapes to analyze for comparison. Further-
more, the cooling and lubrication mechanism is still key for 
improving machining performance. The current researches on 
micro-textures have not been analyzed in terms of the cool-
ing and lubrication mechanism of the cutting fluid capillary 
siphoning phenomenon. In terms of wettability, the study of 
the wettability of specific regular surface morphologies has 
become an important content. However, there are currently few 
reports on this in the field of cutting. Therefore, in this paper, 
a new sinusoidal micro-textured morphology is proposed for 
comparison with the more common textured morphology, 
using CBN tools as the research object. Three surface micro-
textures with the same density and different morphology of 
pit, linear, and sinusoidal shapes are fabricated on the surface 
of the CBN tool by laser processing technology. And then the 
experiments of turning Inconel 718 nickel-base superalloy are 
performed. By measuring the respective surface contact angles 
to characterize the excellent degree of wettability and compar-
ing cutting forces, tool wear, and the machined part’s surface 
roughness, the effect of surface wettability differences on the 
cutting performance of tools under different micro-textured 
morphologies is investigated.

2  Theoretical models

During metal cutting, the friction between the chip and the 
tool contact area can be expressed as [15]

where Ar is the actual tool-chip contact area, �c is the friction 
surface shear strength, aw is the cutting width, and lf  is the 
nominal tool-chip contact length.

Figure 1 shows a simplified model of turning. According 
to metal cutting theory, the three-dimensional cutting force 
during turning are [16]

(1)Ff = Ar�c = awlf �c

Fig. 1  Simplified model for turning without textured tools
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where �
0
 is the tool rake angle, �r is the residual deflection 

angle, β is the friction angle, and �� is the chip flow angle.
Figure 2 shows a simplified model of micro-textured tool 

cutting. After the micro-texture is processed in the area near 
the tool tip and cutting edge on the tool rake face, the actual 
contact length between the tool and chip changes as follows:

where l′
f
 is the actual tool-chip contact length, n is the num-

ber of textures in the tool-chip contact area, and l
0
 is the 

width of the textures.
So the three-dimensional cutting force after adding the 

textures is obtained as

(2)Fx = awlf �c(cos �0 −
sin�

0

tan�
)cos (�r + ��)

(3)Fy = awlf �c(cos�0 −
sin�

0

tan�
)sin (�r + ��)

(4)Fz = awlf �c(sin�0 +
sin�

0

tan�
)

(5)l
�
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0

(6)F
�

x
= aw(lf − nl

0
)�c(cos�0 −
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0
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(7)F
�

y
= aw(lf − nl

0
)�c(cos�0 −
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0
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)sin (�r + ��)

From the above derivation, it can be seen that the placement 
of the micro-textures reduces the tool-chip contact area and 
therefore the cutting force.

Since micro-texture is a complex surface structure with 
many morphological structures and complex parametric 
characteristics, the mechanism of its effect on tool machin-
ing performance cannot be easily described by a quantitative 
and straightforward model. Therefore, in this paper, the tex-
ture density of the three micro-textured tools is the same. The 
contact length of the tool chip is the same, and the purpose of 
changing the surface wettability is achieved only by chang-
ing its morphology. In order to investigate the mechanism of 
interaction between the properties of surface micro-textures, 
surface wettability, and cutting forces, and to be able to charac-
terize machining properties by a single indicator of wettability, 
the following derivation has been made:

After the two extreme cases of Wenzel [17] model and 
Cassie-Baxter [18] model of solid surface wettability are 
unified by Bico [19], the equation for the apparent con-
tact angle for wetting at equilibrium can be derived from a 
practical point of view, which can be extended to obtain the 
general equations for the apparent contact angle �w and the 
smooth surface intrinsic contact angle �

0
 as follows:

where S is the total area of an area unit; h is the infiltra-
tion depth, in this paper, h is taken to be the near-complete 
infiltration depth in the texture; C is the total perimeter of 
the texture of an area unit; and fs is the percentage of area 
occupied by solids on the surface of the texture.

(8)F
�

z
= aw(lf − nl

0
)�c(sin�0 +

sin�
0

tan�
)

(9)cos�w =

(

fs +
Ch

S

)

cos�
0
+ fs − 1

Fig. 2  Simplified model of micro-textured tool cutting

Table 1  CBN tool properties

Young’s 
modulus 
(GPa)

Poisson’s 
ratio

Coefficient 
of thermal 
expansion 
 (m2/s)

Thermal 
conductivity 
(W/m K)

Heat 
capacity (J/
kg K)

720 0.11 4.3 × 10−6 140 670

Fig. 3  Different micro-textured 
morphologies on the tool 
surface: (a) pit texture AT, (b) 
linear texture ZT, and (c) sinu-
soidal texture XT
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Based on the above parameters and relationships, the rela-
tionship model between three-dimensional cutting force and 
texture surface wettability can be derived when the width, 
density, and depth of different textures are the same, and the 
cutting fluid is completely immersed in the texture depth:

where P
1
= a

w
�
c
(cos�

0
−

sin�0

tan�
)cos (�

r
+ ��) , P2

= a
w
�
c
(cos�

0
−

sin�0

tan�
)sin (�

r
+ ��) , and P

3
= a

w
�
c
(sin�

0
+

sin�0

tan�
).

3  Experiment

3.1  Preparation of micro‑textures on tool surfaces

The tool used in the experiment is a CBN tool produced  
by Zhengzhou Botec, with a specification of 12  mm ×  
12 mm × 4 mm, which has good wear and heat resistance 
and can be used for efficient turning of difficult-to-machine 
materials. The performance parameters of the tool are shown 
in Table 1. The pit, linear, and sinusoidal micro-textures 
were machined on the CBN substrate using a fiber laser. 
The morphology of each structure is shown in Fig. 3. The 

(10)Fx =

(

cos�w − fs + 1

cos�
0

− fs

)

(

lf − nl
0

)

P
1

ch

(11)Fy =

(
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0
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)

(
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0

)

P
2

ch

(12)Fz =

(
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0

− fs

)

(

lf − nl
0

)

P
3

ch

micro-textured parameters are as follows: diameter/width 
30 μm, edge distance 100 μm, textures spacing 30 μm, depth 
30 μm, and sine type amplitude 20 μm. The laser parameters 
used in the experiment are as follows: laser power 3 W, scan-
ning frequency 600 mm/s, and processing three times. For 
ease of illustration, the non-textured pitted micro-textured, 
linear micro-textured, and sinusoidal micro-textured tools 
are named WT, AT, ZT, and XT, respectively.

3.2  Contact angle measurement

The PT-705B automatic angular contact meter is used to 
measure the contact angle and thus characterize the wettabil-
ity of the tool surface, where the software test system sup-
ports real-time online measurement of the surface contact 
angle. The value of the contact angle of a droplet on a solid 
surface is related to the volume of the droplet and the ambi-
ent temperature and humidity, but the four tools in this study 
are completely the same in material and type except for the 
textured morphology. Even if the temperature changes, the 
regularity and trend of their wettability changes are basi-
cally the same [20]. The wettability difference between them 
remains unchanged on the whole, so we can still measure the 
wettability of tools at ambient temperature to characterize 
their overall wettability difference. In this experiment, the 
contact angle was measured at an ambient temperature of 
20 °C and a humidity of 63% for droplet volumes of 0.5, 
1.0, 1.5, 2.0, and 2.5 μL. The system acquires images every 
500 ms for a total of 20 acquisitions and then takes the plural 
of the acquired data as the contact angle value. The same 
method was used to measure the non-textured tool and the 
micro-textured tool in all three morphologies.

Fig. 4  Schematic diagram of the 
cutting experiment platform

Table 2  Main chemical 
composition of workpiece 
material (mass fraction 
percentage)

AL C Co Cr Cu Fe Mn Mo Ni P S Si Ti V

0.4 0.04 14 19 0.07 18.5 0.5 3 – 0.01 0.01 0.18 0.9 0.5
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3.3  Cutting experimental equipment and scheme

The turning experiments were carried out on a horizontal 
CK6136 CNC lathe. The main motor power of the lathe is 
5.5 KW, the spindle speed range is 100 ~ 2500 r/min, the 
chuck diameter is 250 mm. The cutting experiment platform 
is shown in Fig. 4. The workpiece used in this experiment 
was Inconel 718 nickel-based high-temperature alloy bar 
stock, 97 mm in diameter. The main chemical composition 
of the workpiece materials are shown in Table 2.

Turning experiments were carried out on non-textured 
tools and three shaped micro-textured tools. Table 3 shows 
the machining conditions. At the same time, a Kistler 9255C 
three-dimensional cutting force sensor was used to monitor 
cutting forces in real-time during machining; a VR-5000 
3D profile measuring instrument was used to measure the 
wear on the rake face of the tool. The surface quality was 
evaluated by the surface roughness value of the workpiece, 
which was measured using the MahrSurf M300C roughness 
profilometer. After measuring each machined surface five 
times in different positions, the data obtained were averaged 
as the arithmetic mean deviation Ra of the profile.

4  Results and discussion

In this experiment, the surface wettability was character-
ized by the surface contact angle, which was a minimum of 
0° and a maximum of 180°. The smaller the contact angle, 
the better the wettability of the tool [21]. Figure 5 shows a 
screenshot of the contact angle tests on four tool surfaces. 
Figure 6 shows the contact angle magnitudes of different 
shaped micro-textured tool surfaces at different droplet vol-
umes. As can be seen from the graph, all three shapes of 
micro-textures can reduce the contact angle and improve the 
wetting performance of the original surface, but there were 

differences between different shapes of textures. The strong-
est and weakest wettability in this experiment was ranked 
as sinusoidal, linear, pitted, and non-textured tool. As the 
droplet volume increases, the contact angle increases and 
then decreases on the surface of the micro-textured tools 
for each shape.

From the above equation for the apparent contact angle of 
immersion under quasi-static equilibrium conditions: 
cos�w =

(

fs +
Ch

S

)

cos�
0
+ fs − 1 , in the four shaped textures 

with specific rules in this experiment, the solid area percent-
age was fWT > fAT > fZT > fXT , and the total perimeter of the 
textures per unit area was related to CWT < CAT < CZT < CXT , 
while the intrinsic contact angle �

0
 was consistent. After cal-

culations, it was found that the variation in fs on the three 
textured surfaces was minimal compared to the variation in C , 
so the effect of the difference in fs can be ignored. Thus the 
following relationship can be obtained: fWT ≈ fAT ≈ fZT ≈ fXT . 
So it can be concluded that cos�w and C are theoretically posi-
tively correlated, and then there was a relationship: 
𝜃WT > 𝜃AT > 𝜃ZT > 𝜃XT. This is consistent with the experi-
mental results.

As shown from Fig. 6, the surface contact angle val-
ues appeared to increase and then decrease as the droplet 
volume gradually increased. This is because the effect of 
gravity on droplet spreading can be ignored when the drop-
let volume is small. There are fewer liquid molecules per 
unit area on the solid surface, and the interaction between 
liquid molecules is weak. The solid molecules drive the 
droplet, and the contact angle is small. The contact angle 
is small and increases as the droplet volume increases. 
When the droplet volume reaches a certain value, the drop-
let is driven by gravity to infiltrate into the textures of the 
surface, and the increase in the solid–liquid area leads to 
an increase in the solid–liquid adhesion work, resulting in 
a decrease in contact angle. The internal pressure of the 
droplet increases as the droplet volume increases, and the 
internal pressure of the droplet pointing towards the drop-
let surface drives the droplet to spread around. Therefore, 
the contact angle decreases as the volume of the droplet 
increases.

Figure 7 shows the three-dimensional cutting force curve 
with time for the non-textured tool (WT), the pitted textured 
tool (AT), the linear textured tool (ZT), and the sinusoidal 
textured tool (XT). From the graph, it can be seen that the 

Table 3  Cutting experimental parameters

Parameters Conditions

Cooling and lubrication conditions MQL
Cutting speed 200,000 mm/min
Feed rate 300 mm/min
Cutting depth 0.8 mm

Fig. 5  Tool surface contact 
angle measurement: (a) non-
texture WT, (b) pit texture AT, 
(c) linear texture ZT, and (d) 
sinusoidal texture XT
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three-dimensional cutting force changes were relatively steady 
for the non-textured tool and the pitted micro-textured tool, 
while the main cutting force gradually increased and fluctu-
ated more for the linear and sinusoidal micro-textured tools.

The cutting forces were counted and the average main 
cutting forces Fx were calculated to be 1051.33 N, 872.41 N, 
794.32 N, and 681.45 N for the four tools respectively; the 
average radial thrust forces Fy were 122.37 N, 81.65 N, 
66.74 N, and 53.28 N, respectively; and the average axial 
thrust forces Fz were 208.93 N, 82.53 N, 77.40 N, and 
50.32 N, respectively. Figure 8 shows a comparison of the 
three-dimensional average cutting forces for the four tools. 
It can be concluded that under certain cutting conditions, 
the main cutting forces were reduced by 16.8% for pitted 
micro-textured tools, 24.5% for linear micro-textured, and 
35.2% for sinusoidal micro-textured compared to non-
textured tools. The radial thrust forces of all three shaped Fig. 6  Surface contact angle at different droplet volumes

Fig. 7  Three-dimensional cutting forces: (a) non-textured tool, (b) pitted textured tool, (c) linear textured tools, and (d) sinusoidal textured tools

1750 The International Journal of Advanced Manufacturing Technology (2022) 123:1745–1754
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textured tools were reduced compared to the non-textured 
tool, by 33.2%, 45.4%, and 56.4%, respectively. The axial 
thrust forces were reduced by 60.4%, 63.0%, and 75.9%, 
respectively. In summary, the most significant reduction in 
cutting forces was found in the sinusoidal micro-textures.

To further investigate the correlation between cutting 
forces and surface wettability, the average value of the con-
tact angle at droplet volumes of 0.5 μL, 1 μL, 1.5 μL, 2 μL, 
and 2.5 μL was taken as a measure of wettability. The four 
tools were 75.168°, 63.451°, 58.177°, and 55.739°, respec-
tively. Figure 9 compares the three-dimensional average cut-
ting forces Fx, Fy, and Fz obtained from cutting experiments 
and theoretical analysis (Eqs. (10), (11), and (12)) at differ-
ent contact angles.

As can be seen from Fig. 9, there was a correlation between 
the cutting forces and the strength of wettability between the Fig. 8  Comparison of three-dimensional average cutting force of dif-

ferent micro-textures

Fig. 9  Cutting forces at different contact angles: (a) Fx, (b) Fy, and (c) Fz

1751The International Journal of Advanced Manufacturing Technology (2022) 123:1745–1754
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different shaped micro-textured tool surfaces in this experi-
ment. The three-dimensional cutting forces derived from both 
the theoretical relationship model and experimental measure-
ments increased with increasing contact angle; i.e., the cut-
ting force decreased with increasing wettability. When the 
contact angle increased from 55.739° to 75.168°, the variation 
amplitude of the main cutting force was the largest, and the 
variation amplitude of radial thrust force and axial thrust force 
was small. The main cutting force Fx values measured by cut-
ting experiments were on average approximately 7% greater 
than the Fx values derived from the theoretical analysis, the 
radial thrust force Fy values were approximately 10% greater, 
and the axial thrust force Fy values were approximately 6% 
greater. This may be due to the fact that in actual cutting 
operations, the local capillary interaction between the cutting 
fluid and the micro-textures results in the infiltration of the 
cutting fluid not being fully compatible with the theoretical 
model. In addition, there are various factors such as machine 
tool vibration and deviations between actual tool geometry 
and theory that can lead to high cutting forces in actual cut-
ting operations.

The respective wear results were obtained for each tool 
after cutting 120 mm. Figure 10 shows the wear morphology 
and wear area width of the rake face after cutting nickel-
based alloy with tools under micro-textured morphologies 
with different surface wettability. As can be seen from the 
diagram, the tool surfaces all showed some degree of wear, 
and the most serious wear was found near the tip of the tool. 
This is because the cutting force and cutting temperature 
at the tip of the tool is the highest during cutting, so the 
fracture of the tool base material and the local melting and 
bonding of the chips are the most serious.

Figure 11 shows the width of the tool wear area at dif-
ferent contact angles. It can be seen that there was a cor-
relation between tool rake face wear and surface wettabil-
ity, with wear decreasing as tool wettability increased. The 
most severe wear on the surface of the original tool was 
533 μm. Compared to the non-textured tool, the width of 
the wear area was reduced by 13.7% for the pitted textured 
tool, 40.0% for the linear type, and 52.9% for the sinusoi-
dal type. The non-textured tool with poor wettability and 
the pitted micro-textured tool had an obvious tool collapse 
phenomenon. The linear tool collapse area was small, while 
the sinusoidal micro-textured tool with the best surface wet-
tability was mainly adhesive wear, and there was no tool 
collapse phenomenon.

The MahrSurf M300C roughness measuring instrument 
was used to measure the surface roughness of machined 
parts. For each machined surface, five measurements at dif-
ferent positions were taken and the average value was taken 
as the arithmetic mean deviation Ra of the machined surface 
profile. Figure 12 shows the surface roughness values of the 
workpiece after cutting nickel-based alloys under different 

surface wettability of the micro-weave morphologies. It can 
be seen that as the tool wetting performance increased, i.e., 
the contact angle decreased, the surface roughness value of 
the workpiece gradually decreased. The reduction in surface 
roughness of the workpiece under pitted textures was not 
significant compared to a non-textured tool, with a rough-
ness value of 11.8 μm, a reduction of only 7.1%. However, 
the better wettability of the linear and sinusoidal micro-
textured tools showed a better improvement in machining 
quality, with surface roughness values of 8.5 μm and 6.1 μm, 

Fig. 10  The wear morphology of rake face: (a) non-textures, (b) pit-
ted textures, (c) linear textures, and (d) sinusoidal textures

Fig. 11  The wear area width of rake face under different wettabilities
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respectively, a reduction of 33.1% and 51.9%, respectively, 
compared to the non-textured tools.

In the cutting process, the four tool surface micro-textures 
with specific rules in this experiment had the effect of enhanc-
ing the surface wetting properties. The improved wettability 
would facilitate the penetration of more cutting fluid into the 
tool-chip interface, thus opening up a cooling and lubrication 
channel. It can promote lubrication and heat dissipation in 
the cutting area and reduce frictional resistance between the 
tool and chip, ultimately reducing three-dimensional cutting 
forces. So tool wear was also reduced. The improved wet-
ting of the surface resulted in better removal of microscopic 
chips from the tool-chip sliding friction process, reducing the 
number of chips that fall on the machined surface, resulting 
in fewer irregularities in the surface of the workpiece such 
as pits and scratches, and ultimately improving the surface 
integrity of the part being machined. The sinusoidal micro-
textured tool exhibited the best surface wetting performance 
in this experiment. Therefore, its cooling and lubrication 
capacity was the best, and its application in cutting was the 
most effective in improving the tool’s cutting performance. 
If further experiments can be carried out to investigate the 
effect of more micro-textures with different parameters and 
sizes on enhancing surface wettability, and then to reason-
ably match different cutting parameters and tool-workpiece 
materials, the tool’s cutting performance will be enhanced to 
a greater extent.

5  Conclusion

In this paper, micro-textured morphologies with different 
surface wettability were fabricated by laser processing to 
investigate the effect of differences in wettability on tool 

cutting performance. The results showed that among various 
micro-textured morphologies with the same texture density, 
the tool’s cutting performance and the surface quality of 
the workpiece improved as the surface wettability increased. 
The details of the study are as follows:

(1) The pitted, linear, and sinusoidal micro-textures all 
increased tool surface wettability, and as the degree 
of improvement in wettability increased, the degree 
of reduction in each directional cutting force also 
increased. Compared to the non-woven tool, the main 
cutting forces of the three tools were reduced by 16.8%, 
24.5%, and 35.2%, respectively. Tool wear was also 
mitigated. Both the poorly wetted non-textured and pit-
ted micro-textured tools showed significant tool col-
lapse, while the linear type with better wetting had a 
smaller tool collapse area, and the best wetted positive 
spin micro-textured tool was in the best condition with 
essentially no tool collapse. At the same time, the sur-
face roughness of the part being machined was reduced. 
Among the above tools, the wettability and machining 
performance of the sine type texture was the best.

(2) The cooling and lubricating mechanism of the micro-
texture was explained from the aspects of drag reduc-
tion and the regulation of movement of cutting liquid; 
that is, the capillary phenomenon exists in the surface 
micro-texture, which increases the wettability of the 
machined surface. It promotes more cutting fluid to 
continue to enter the tool-chip interface, which has a 
better cooling and lubricating effect. This results in 
improved friction characteristics and heat dissipation, 
ultimately improving cutting performance.
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