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Micro-textures have been preliminarily applied to reduce the wear of metallic, ceramic, and carbide tools.
However, it is still unclear which micro-textures will be effective in reducing the wears of single-crystal diamond
tools. In this paper, the effectivity of micro-textures on the friction and cutting characteristics of single-crystal
diamond tools were verified. Four types of micro-textures including straight grooves array, concentric circular

texture, ring sequence, and mesh texture were generated on the rake face of the diamond tools with the
femtosecond laser. Experimental results showed that the cutting forces and friction coefficients of the micro-
textured diamond tools were greatly decreased except for concentric circular texture. Meanwhile, the cutting
performances of the single-crystal diamond tools were effectively improved.

1. Introduction

Due to a series of advantages, such as high strength, high hardness,
high wear resistance, low friction coefficient, and chemical inertness,
diamonds have been widely applied in mechanical, material, chemical,
and other engineering fields [1-3]. Diamonds are also widely used as
high wear-resistant devices, such as metal drawing dies, anti-wear belts
for oil drill pipes, and wear-resistant valves for extreme working con-
ditions in chemical industries [4-8]. Moreover, diamond tools sharp-
ened with edge sharpness down to 30 nm can produce ultra-thin chips in
the cutting of non-ferrous metals. Owing to its low friction coefficient,
the ultra-thin chips are not prone to adhere to the diamond surface.
Therefore, the diamond is a preferable tool material [9]. Although it has
many excellent properties, the diamond tool is brittle and easy to be
fractured during ultra-precision cutting processes [10-13].

Metal mirrors including the copper mirrors, have a wide range of
applications like reflectors with a high thermal conductivity in laser
applications and soft x-ray optical mirrors [14,15]. The size of the
copper mirror is large (a diameter of 400 mm), and require high surface

quality [16]. Single-point diamond turning is widely used for fabricating
high-quality copper mirror. However, the problem of poor machining
quality due to tool wear during machining has not been solved.
Tribological studies have confirmed that, micro-textured surfaces
can significantly improve the friction characteristics between friction
pairs [17-20]. For example, the chevron pockets with 13.02% texture
density on the surface of a cemented carbide can reduce the friction
coefficient by 40% [21]. The appropriate textured surfaces with
oval-shaped dimples processed on the SAE1020 steel can reduce the
friction coefficient by 9.4% [22]. Micro-textures also improve the fric-
tion characteristics of the cutting tools. Due to the surface texture of the
tool, the speed of the lubricant will increase and contribute to forming a
thicker lubricating film [23]. Meanwhile, based on lubricant film, the
micro-grooves can form high-pressure lubricating film area and provide
a higher thrust force to the chip. This reduces contact between the chip
and the micro-bulges and decreases the cutting and friction coefficient
[24]. For example, the micro-grooves on the polycrystalline diamond
(PCD) tools can improve anti-adhesive ability and reduce friction coef-
ficient by 10% combined with cryogenic minimum quantity lubrication
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[25]. The linear grooves parallel to the main cutting edge is more
effective in improving the surface quality of the carbon fiber reinforced
plastics (CFRP) [26]. Moreover, lubricants play an important role in the
cutting process. Using liquid and solid lubricants to fill the micro-pits
array on the rake face of the carbide tools, the contact length between
the tool and chip is reduced by 30% in cutting experiments [27].

Although micro-textures have been successfully applied to extend
the life of carbide tools and ceramic tools, there is few relevant re-
searches and applications of micro-textures on the single-crystal dia-
mond tools.

It is very difficult to process micro-textures on the surface of the
single-crystal diamond through conventional methods. For instance, the
ion beam can process micro-textures with sub-nanoscale surface
roughness, but it has a slow material removal and must be carried out in
a vacuum environment [28]. The chemical reaction can change the
structure and composition of the diamond surface, but the products
often adhere to the diamond surface, leading to the difficulty of material
removal and a loss of surface precision [29].

The femtosecond laser has a series of advantages such as high pre-
cision, high resolution, small thermal effect, relatively simple operation,
and high processing efficiency. It can fabricate a wide range of materials.
Meanwhile, the femtosecond laser can process diamonds in the atmo-
spheric environment, which makes it possible to on-machine process
and repair micro-textures on the diamond tools surface. Therefore, it is
suitable to fabricate micro-textures on the diamond tools surface
[30-32].

In this study, the femtosecond laser is applied to fabricate micro-
textures on diamonds surface. Firstly, a single-crystal diamond block is
textured and used in the friction and wear test to study the anti-wear
effects of the micro-textures. Then, the cutting experiments of the
micro-textured diamond tools are carried out to study the cutting
performances.

2. Experiments
2.1. Materials

The diamond used in the experiment was the synthetic single-crystal
diamond (type Ia). Meanwhile, the workpiece used in the cutting
experiment was an oxygen-free copper disk with a diameter of 75 mm.
The physical properties of the diamond [33] and the oxygen-free copper
are listed in Table 1 and Table 2, respectively.

2.2. Machining of micro-textures

The femtosecond laser was used to process the diamond surface to
obtain the micro-textures. Table 3 lists the parameters of the femto-
second laser system (Spectra-Physics Spitfire Ace ™, Newport). The
femtosecond laser has an obvious threshold effect in processing of ma-
terials. Different crystal planes of single-crystal diamond have different
ablation thresholds. The rake face of diamond tools used in turning test
was {100}. The ablation threshold of the diamond {100} plane was 0.56
J/em? measured by the hole-ablation experiment.

2.2.1. Micro-texturing the diamond block

The geometric dimensions of the diamond block are 3.5 x 3.5 x 1
mm. Based on the research of some scholars [23,34], as for the study of
the groove and circular textures, we made some improvements and
designed the micro-textures on the diamond block. As shown in Fig. 1,

Table 1
Physical properties of single-crystal diamond.

Material Hardness/ Modulus/ Flexural Compressive
HV GPa strength/GPa strength/GPa
Diamond  6000-10,000  900-1050 1.21-1.49 1.5-2.5
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Table 2
Physical properties of oxygen-free copper.
Material Hardness/ Modulus/ Tensile Shear
HV GPa strength/GPa strength/GPa
Oxygen-free 80-90 120 0.245-0.345 0.21
copper
Table 3
Parameters of the femtosecond laser system.
Wavelength/nm Pulse duration/fs Max. output power/W Frequency/Hz
800 35 12 1000

five kinds of micro-textures were processed on the single-crystal dia-
mond block using the femtosecond laser, namely: horizontal groove
sequence texture (HS) and vertical groove sequence texture (VS);
concentric circular texture (CS); ring sequence texture (RS); mesh
texture (MS). During processing, the laser output power was set as 0.4
mW under a scanning speed of 50 pm/s.

2.2.2. Micro-texturing the diamond tool

To determine the form, the position, and the depth of crater wear on
the rake face under dry friction condition, a pre-turning experiment was
carried out on the ultra-precision machining system in Section 2.4. The
spindle speed and feed rates were 1000 r/min and 5 pm/r, respectively.
Fig. 2(a) shows the 3D morphologies of the crater wear after a cutting
distance of 11.8 km. Fig. 2(b) shows the cross-section profile corre-
sponding to the dashed line in Fig. 2(a).

As shown in Fig. 2, the wear area on tool rake face was about 60 x 50
um? away from the cutting edge with the deepest point of about 1.8 pm.
The micro-textures should cover the wear area known in the pre-cutting
experiment. Therefore, the micro-textures were fabricated on the rake
face of the diamond tools at a distance of 10 pm away from the cutting
edge, with an area of 80 x 60 um? and a depth of about 100 nm. Five
types of micro-textures as shown in Fig. 3 were generated: (a) linear
grooves parallel to the cutting edge (PGT); (b) linear grooves vertical to
the cutting edge (VGT); (c) concentric circular texture (CT); (d) ring
sequence texture (RT); (e) mesh texture (MT).

2.3. Friction and wear tests on the single-crystal diamond block

As shown in Fig. 4(a), a comprehensive micro-nanomaterial me-
chanical characteristic test system (Nano Test Vantageg) was used in the
friction and wear test. A free-oxygen copper ball and the micro-textured
single-crystal diamond block, which was consistent with the materials of
the workpiece and cutting tools for turning experiments respectively,
were used as the friction pair. The experimental parameters are listed in
Table 4. The wear area of the copper ball-head stabilized at about 800
um? after 3 h of pre-friction and wear test under the 500 mN. The
maximum pressure in the tool-chip interface was 750 MPa obtained
through the turning simulation. Therefore, correspond with the pressure
in the turning experiment, a load of 600 mN was applied to the copper
ball-head after the wear area stabilized. The frequency and friction time
were 5 Hz and 600 s, respectively.

2.4. Diamond turning tests

The turning experiments were carried out on the ultra-precision
machining system Moore Nanotech 350. Fig. 5 illustrates the setups. A
workpiece of oxygen-free copper was fixed on the spindle. A single-
crystal diamond tool with a nose radius of 0.1 mm was installed on
the tool holder. The rake angle and relief angle of the single-diamond
tool were 0° and 10°, respectively. The initial edge radius of the dia-
mond tool was about 120 nm, as shown in Fig. 6.
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Fig. 1. Sketches of designed micro-textures on the single-crystal diamond block. The line spacing in (a) is 2.5 pm. The line-depth and line-width of the micro-textures
is 100 nm and 800 nm, respectively. The position of textures on the diamond block was marked by dotted box and the shape of textures was enlarged.
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Fig. 2. Micrographs of the crater wear at rake face after the pre-cutting experiment. (a) 3D morphology, (b) 2D profile.

The turning parameters are listed in Table 5 . A dynamometer The surface roughness of the processed workpieces was measured by the
(92578, Kistler) was fixed under the tool holder to measure the cutting 3D laser confocal microscope.
forces. After turning, the surface morphologies of the tools and work-
pieces were examined by a 3D laser confocal microscope (VK-X200K, 2.5. Finite element simulation
Keyence, Japan) and a scanning electron microscope (SEM). The profile
of the cutting edge was examined by an atomic force microscope (AFM). To analyze the wear mechanism, the pressure distribution on the
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Fig. 3. SEM photographs of surface textures on tool rake face processed by femtosecond laser: (a) PGT, (b) VGT, (c) CT, (d) RT, and (e) MT.
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Fig. 4. (a) Comprehensive micro-nanomaterial mechanical characteristic test
system. (b) local structures. (c) copper ball-head, diamond sample, and sche-
matic diagram of friction and wear.

tools rake face was studied by finite element simulation. The 2D
orthogonal cutting was used in the experiment. The parameters (cutting
speed, tool rake angle, relief angle, and cutting edge radius) used in the
simulation were consistent with those used in the experiment. The
maximum tool element size, minimum tool element size and mesh
grading are 0.5 pm, 0.05 pm and 0.4, respectively, as shown in Fig. 7.

Table 4
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3. Results and analysis
3.1. Friction characteristics of the micro-textured diamond block

The friction and wear tests were carried out in Fretting module. The
friction forces on the surface of the micro-textured diamond blocks were
obtained by the test system. Since the load on the copper ball-head is a
constant, the friction coefficients of the micro-textured diamond surface
are calculated from the friction forces. As shown in Fig. 8, compared
with the single-crystal diamond block without micro-texture (BS), the
friction coefficients of the micro-textured surface under dry friction
were increased except for the surface with concentric texture. Therefore,
the micro-textures cannot improve the tribological performance of the
material under dry conditions. However, the friction coefficients were
significantly decreased under lubrication conditions compared with dry
conditions. The VS surface decreased by 40%, from 0.14 to 0.085. The
VS, RS, and MS surfaces had lower friction coefficients than the BS
surface, while the HS and CS surfaces had higher friction coefficients
under lubrication conditions.

Machine tool

Machine control panel

Tool checking
instrument

_ Diamond tool

Fig. 5. Experimental setups: (a) machine tool and dynamometer. (b) tool,
fixture and workpiece.

Parameters of friction and wear experiments on the micro-textured single-crystal diamond block.

Frequency/Hz Reciprocating stroke/pm Load/mN

The pressure of interface/MPa

Friction time/s Lubrication conditions Texture types

5 15 600 750

600 Dry friction, ISOPAR-H lubricating HS, VS, CS, RS, MS
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Fig. 6. The cutting edge of the diamond tools. (a) AFM photograph, (b) cross—section profile, and its fitted radius.

Table 5
Parameters of cutting tests using micro-textured single-crystal diamond tools.

Spindle Feed rate/  Depth of Lubrication Texture types

speed/r/min pm/r cut/pm condition

1000 5 3 ISOPAR-H PGT, VGT, CT,
RT, MT

It is known that the wear amount increases with the number and
height of contact points between friction pairs [35]. Due to the pro-
cessing of micro-textures on the diamond block, the surface will appear
micro-convexs and micro-grooves. Compared to the surface without
micro-textures, this increases the number and height of contact points
between the copper ball and diamond block. Therefore, the wear
amount between the friction pairs will increase, and the tribological
performance is poor under the dry conditions. Under lubrication con-
ditions, by comparing the friction coefficients of the BS diamond surface,
it is found that the friction coefficients of HS and CS surfaces slightly
increased, while the friction coefficients of the other three
micro-textured surfaces reduced. Because the test system is recipro-
cating and the groove direction of VS is parallel to the direction of the
friction pair on the test system, the lubricants can spread to the diamond
surface between the grooves under positive pressure. This will form a
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relatively stable lubricant film, which can effectively weaken the friction
forces between friction pairs. On the other hand, owing to the groove
direction of the HS and CS surface is not parallel to the motion direction
of friction pairs, the lubricants stored in the groove are no longer under
stable positive pressure, so a stable lubricating film cannot be formed.
Moreover, when the copper ball passes through the groove, the contact
between the copper ball and the groove edge cause the plastic defor-
mation of the copper ball, leading to the aggravation of the adhesion
effect at the contact point and an increase of friction. Considering the
above two aspects, the tribological performance of HS and CS surface is
poor.

3.2. Cutting characteristics of micro-textured diamond tool

3.2.1. Cutting force

Fig. 9 shows the cutting forces of the different micro-textured tools,
while Fig. 10 shows the changes in cutting forces of the micro-textured
diamond tools compared with the BT tool. As shown in Fig. 10, the radial
thrust forces of all micro-textured diamond tools were reduced by 15%-—
25%. The feeding forces of PGT and CT tools were reduced by 3.8% and
5.7%, respectively. However, the feeding forces of VGT, RT, and MT
tools were increased by 13.2%, 7.5%, and 18.9%, respectively. Expect
for CT tool, the main cutting forces of the micro-textured diamond tools

Cutting speed:28.26 m/min

Pressure (MPa)

1000
933.333
866.667
800
733.333
666.667
600
533.333
466.667
400
333.333
266.667
200
133.333
66.6667
0

Tool

FETENES ESTETErS EESTTArE R P
0105 011 0115 012 0125

il PR B A
137 0135 014
(mm)

FEEEN VSRR B
0155 0.6

M R
0145 015

Fig. 7. The finite element simulation of 2D orthogonal cutting.
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Fig. 8. Friction coefficients of different micro-textured surfaces under dry
friction and lubrication conditions.
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Fig. 9. Cutting forces of the different micro-textured tools.

were reduced compared with the BT tool.

3.2.2. Friction coefficient

When the friction between flank face and transitional surface or
machined surface is small, the relation of the cutting force can be
determined by the formula [36]:

F, /F(, = tan(B —y,) (€))

The friction coefficient of the tool-chip interface can be calculated by
the following equation:

i =tan(B) = tan(y, + arctan(F, / F,)) @)

where f is a friction angle; y, is rake angle; F,, is the radial thrust force; F,
is the main cutting force.

As shown in Fig. 11, the friction coefficients of the micro-textured
tools showed a decreasing trend under the lubrication condition. The
friction coefficients of the PGT tool, VGT tool, and MT tool were reduced
by 22.1%, 25.6%, and 20.4%, respectively. Therefore, the experimental
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Fig. 10. Changes in cutting forces of micro-textured diamond tools compared
with the BT tool.

results show that appropriate micro-textures can significantly reduce the
friction coefficients of the rake face under lubrication conditions. Be-
sides, the CT tool had the weakest reducing effect on the cutting forces
and the friction coefficients of the rake face. This is probably because the
concentric circular textures have a relatively large groove spacing,
causing a weak ability to store lubricant and reduce the friction
coefficient.

3.2.3. Surface roughness

Fig. 12 illustrates the 3D morphology of oxygen-free copper surface
after the BT tool cutting. The surface roughness is measured after every
four cycles of turning. As shown in Fig. 13, the surface roughness of the
workpiece trended to increase with the cutting cycles. After 4 cutting
cycles, the surface roughness Ra was around 6 nm for both micro-
textured and non-micro-textured tools. After 16 cutting cycles, howev-
er, the surface roughness presented different values. As shown in Fig. 14,
compared with 4 cutting cycles, the changes in surface roughness of all
micro-textured tools were less than that of non-textured one after 16

0.7 |

0.6 |

19.9% 110.9%

0.5 22.1% ’20.4%

125.6%

04 F

03 |

Friction coefficient

02|

0.1 |

0.0

BT PGT VGT CT RT MT

Texture types

Fig. 11. Friction coefficients on the rake face of the different micro-textured
diamond tools under lubrication conditions.
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10 Feed rate: 5 pm/r

Ra=6.38 nm
Rz=149.2 nm

1. 4pm

100. 0
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0. Opm 100.0 200.0 282.9

Fig. 12. Optical 3D photographs of the oxygen-free copper surface after the BT
tool cutting.

Surface roughness (nm)

Cutting cycles

Fig. 13. The changing trend of the oxygen-free copper surface roughness with
the different diamond tools.

cutting cycles. This result validates that micro-textures can effectively
reduce the surface roughness of the workpiece, especially PGT, VGT, and
RT textures.

3.2.4. Crater wear of rake face

Fig. 15(a) shows the wear morphology of the BT tool rake face. The
crater wear was about 8 pm from the cutting edge and the maximum
depth of it was around 1.2 pm. Compared with the above pre-experiment
conducted with no spraying cutting fluid, the location of crater wear is
roughly the same, but the wear area and the maximum wear depth
slightly decrease.

Fig. 15(b—f) shows the wear morphology of the micro-textured tools
rake face. For the rake face of the PGT tool, the slightest wear occurred
at a distance of 70 pm from the cutting edge, with a small wear area and
depth. Besides, the rake face of other micro-textured diamond cutting
tools took on a similar wear condition. There was no obvious wear on the
rake face, and the crater wear appeared on the right side of the textured
area and away from the cutting edge.

Tribology International 154 (2021) 106720
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Fig. 14. The surface roughness of the oxygen-free copper cut with the different
diamond tools after 16 cutting cycles.

3.2.5. Discussions

Fig. 18 shows the simulation results of the pressure distribution on
the rake face. It indicates that the maximum stress is located at some
distance away from the cutting edge. In fact, the crater wear of tools
always starts from this location. Along with the cutting progress, the
width and depth of wear land expand, and gradually reach the cutting
edge. Eventually, the crater wear forms as previously shown in Fig. 2.
When the crater wear is close to the cutting edge, its strength will decline
sharply.

However, the crater wear will not expand to the cutting edge easily
with the micro-textured diamond tools, realizing good protection to the
cutting edge. Moreover, as shown in Fig. 15, the contact length of the
tool and chip on the micro-textured tools increased significantly, which
can reduce the pressure and average normal stress at the tool-chip
interface. Research results also indicate that although the micro-
textures lengthen the sliding distance of the chip, the PGT tool still
shows excellent anti-wear performance.

As shown in Figs. 15-17, under lubrication conditions, the wear area,
and depth of the BT tool rake face shown relatively large values. This is
because there is a large pressure at the tool-chip interface, where the
cutting fluid is difficult to penetrate and play its lubrication role,
resulting in a poor friction reduction effect. However, there was a
reduction of the wear area and depth at the tool-chip interface of the
micro-textured tools, because the micro-textures improves the friction
condition between the tool and chip. Due to the nature of cutting and the
presence of contact points between rake face and chips, the lubricating
film cannot completely separate the chip from the rake face and main-
tain a stable state [35]. Therefore, there are two forms of surface con-
tact, which are the chip-rake face interaction and the chip-lubricant
interaction [37]. As shown in Fig. 19, a lubrication film was formed on
the tool rake face through the effect of micro-textures. A thicker and
more uniform lubrication film of some micro-textured tools was formed
on the tool rake face, which can effectively reduce the tool-chip friction
coefficients and improve the friction performance of the tool.

Due to the existence of micro-textures, the cutting forces in the tool-
chip interface have changed. Therefore, the formation and distribution
of lubricating films have also changed. As for PGT, the lubricating fluid
would flow away from the cutting edge under the influence of chips.
However, because of the obstruction of the groove edge, some of the
lubricating fluid would move towards the cutting edge, filling the plane
between the grooves and forming a stable lubrication film, as shown in
Fig. 19(a). As for VGT, the lubricating fluid would move away from the
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Fig. 15. Optical 3D photographs for the crater wear of the micro-textured diamond tools. For the micro-textured diamond tools, the crater wear appears on the right
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Fig. 18. Finite element simulation of the rake face pressure distribution at three different cutting distance: 1 = 0.04 mm (a), 1 = 0.08 mm (b), 1 = 0.12 mm (c).

cutting edge under the effect of chips. However, due to the influence of
subsequent chips, the lubricating fluid in the plane would continue to
move away from the cutting edge and gather on the far side of the
cutting edge. Concerning CT and RT, the lubricating fluid would be
blocked by the groove edge and move towards the middle of the texture,
and then gather on the bottom of the ring under subsequent chip in-
fluences. The difference is that the lubricating film of the RT tool is more
dispersed. Meanwhile, the MT would be divided into several block areas
by grooves. Under the effect of grooves, the lubricating fluid tended to
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gather in the block areas and could not spread out completely.

Some scholars have studied micro-textured cutting tools to improve
machining characteristics. For example, the friction reduction effect of
piston surfaces mesh groove is more obvious than that of the parallel
groove during the reciprocating sliding motion conditions [38]. Mean-
while, the parallel type of micro-textures improves effectively the
lubrication conditions during the turning test [39]. Because the friction
pair moves in different ways, our results are contrary to the results ob-
tained by Reference 38 but are well in good agreement with Reference
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Fig. 19. Lubrication schematic diagram of five different kinds of micro-
textured tools.

39. However, because friction pairs move in the same way, our results of
single-crystal diamond block friction characteristics test are in agree-
ment with Reference 38. In addition, when friction and wear tests were
carried out on SAE1020 steel, high ratios of the major to the minor axis
of the oval texture could result in high contact stresses which can destroy
the lubricating film [22]. This has a negative effect on the life of the
material. In our study, as shown in Fig. 13, CT tool has a shorter life
when the surface roughness of the finished workpiece is required to be 9
nm. It is well in good agreement with Reference 22. Furthermore, the
mixed texture of microscale and nanoscale can effectively improve the
tool cutting performance [40]. In this paper, the size of the
micro-texture was in microscale machined by femtosecond laser on the
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diamond tool rake face, but it also produced nanoscale texture, as shown
in Fig. 3. Therefore, it will improve the diamond tool cutting
performance.

The friction force Fy between the tool-chip interface can be calcu-
lated as follows [41]:

Ff = awlfrc (3)
where a,, is the cut width; [ is the contact length between the chip and
rake face; 7, is the average shear strength at the tool-chip interface.

When a stable lubricating film is formed, the average shear strength
at the tool-chip interface will decrease compared with the dry condi-
tions. According to the Eq. (3), the friction force will decrease. As a
result, this will lead to a low friction coefficient and a small cutting
force. In our study, the PGT tool rake face could form a stable oil film
according to the above analysis. As for other micro-textured tools,
although a stable lubricating film could not be formed on the rake face,
the lubricants could be filled to the tool-chip interface. Hence, the cut-
ting forces, average friction coefficient, and tool wear decreased more
effectively. In conclusion, the friction performance of the micro-textured
tools can be improved effectively.

3.2.6. Adhesive wear of rake face

After cutting, the micro-textured diamond tools were observed by
SEM. It is known that the chip adhesion would appear on the tool rake
face [42]. However, as shown in Fig. 20, there was no chip adhesion or
chipping of the cutting edge. This indicated that there is no big fluctu-
ation of cutting forces in the cutting process, which is favorable for
obtaining high-quality machining surfaces. In addition, there was no
significant adhesive wear at the tool-chip interface of the micro-textured
tools, which indicates that micro-textures will not reduce the ability to
resist adhesion of diamond cutting tools. At last, as micro-textures can
gather a certain amount of chips, the abrasive wear between the chip
and tool rake face might be reduced as well.

4. Conclusions

In this study, the straight groove array, concentric circular texture,
ring sequence, and mesh texture were processed on the single-crystal
diamond block and the diamond tool rake face by femtosecond laser.
The friction and wear experiments on both the micro-textured diamond
block and the diamond tool were comprehensively studied. It was found
that all the micro-textures did not decrease the surface friction co-
efficients under dry friction, as for the micro-textured diamond block,
while some did under the lubrication condition, among which the sur-
face friction coefficient of vertical groove sequence was reduced by 40%,
from 0.14 to 0.085.

In addition, under the lubrication condition, all the micro-textured
diamond tools had an improved friction performance, namely the
significantly reduced wear area and depth, except for that with the
concentric circular texture. Meanwhile, due to the micro-textures, the
crate wear was further away from the cutting edge, which could prevent
the tool from early edge chipping.

Last but not least, the tool with linear grooves parallel to the cutting
edge could promote a stable formation of the lubricating film in the
cutting process, and hence effectively reduced the friction coefficient,
surface roughness, and tool wear.
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