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Abstract
The application of conventional minimum quantity lubrication (MQL) will cause a large amount of oil
mist particles to suspend in the air, which will harm the environment and people's health. In order to
reduce the side-effects of the conventional MQL technology and the waste of cutting �uid, this paper has
proposed an improved lubrication method, and a new cutting tool was fabricated. A micro-channel inside
the new tool connects the tool rake face and the atomizing system, which can directly supply the
atomized cutting �uid to the tool-chip contact interface for continuous lubrication. The cutting lubrication
performances of the new lubrication method were compared with that of the conventional MQL, and the
effectiveness of the new lubrication method was veri�ed. The results include that the cutting force, the
length of tool-chip contact, and the friction coe�cient of the new lubrication method have decreased, but
the cutting temperature has increased. The effect of lubricating is better than the conventional MQL.
Meanwhile, the amount of the cutting �uid used by the new lubrication method has been reduced by 10
times. And the wear mechanism is dominated by adhesive wear.

1 Introduction
With the development of the manufacturing industry, a large number of cutting �uids were demanded.
According to statistics, the number of lathes in China was about 8 million, and about 70% of lathes need
the cutting �uid for cooling and lubricating in the cutting process. It is considered that the annual total
consumption of cutting �uid is about 400,000 cubic meters per lathe [1]. At the same time, the wasted
cutting �uid is necessary to recycle and handle, so the cost of cutting �uid is higher than the cost of
cutting tools in the machining industry. Recently, with the development and progress of society, people's
awareness of environmental protection is improved, then people are signi�cantly willing to protect the
ecological environment. Therefore, improving lubrication technology and reducing environmental
pollution has become the primary task for the machining industry presently. Some suggestions about
improving the contamination were proposed by scholars, including dry cutting technology and near-dry
cutting technology [2, 3].

1.1 Dry Cutting
The dry cutting technology can be classi�ed as a self-lubricating tool with the addition of solid lubricant,
an in-situ reaction self-lubricating tool, a soft coated self-lubricating tool, and a micro-texture self-
lubricating tool [4].

Due to the in�uence of friction, extrusion, and high temperature, the solid lubricant of the self-lubricating
tool can be separated and applied to form a lubricating �lm with low shear strength on the tool rake face
[5, 6]. Tongkun Cao etc. [7] successfully developed Al2O3/TiC/CaF2 self-lubricating tools with CaF2 solid
lubricant, and the results illustrated that the wear resistance of self-lubricating tools is better than
traditional tools.
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For the in-situ reaction self-lubricating tool, the chemical reaction produced in the tool-chip contact
interface under the action of high temperature can generate a lubrication �lm with low shear strength on
the tool surface to achieve the self-lubrication of the tool [8, 9]. Lit. B. etc. [10], the ZrB2 in-situ reaction
self-lubricating tool was prepared by them and studied the mechanical properties, microstructure, friction
coe�cient, wear properties, and cutting properties of this tool. Results showed that the ZrB2 self-
lubricating tool produces the lubrication �lm with low shear strength to protect the worn area of the
cutting tool.

The soft coated self-lubricating tool refers to applying the solid lubricant directly to the tool surface by
electro-spark deposition, ion plating, physical vapor deposition, and so on, thus achieving the self-
lubrication of the tool [11]. Sahoo Priyabrata etc. [12], the four thicknesses of lubrication �lm were
prepared by physical vapor deposition on a milling tool based on the WC material. Therefore, the
enhancement of the coating thickness for the tool's lubricating performance of WC material is veri�ed.

For the micro-texture self-lubricating tool, many scholars have studied the micro-texture self-lubricating
tool [13, 14]. Uddin Siddiqui Tauseef etc. [15] prepared micro-texture on the rake face by Optical Cable
Laser. Results showed that the lubrication of the tool-chip contact interface was improved. Compared
with conventional tools, the micro-texture self-lubricating tool can signi�cantly reduce the cutting force,
cutting temperature, and friction wear of the cutting tool.

1.2 Near-dry Cutting
The near-dry cutting technology can also be classi�ed as the minimal quantity lubrication technology, the
scCO2 micro-lubrication technology, and the oil-on-water technology [16].

The minimal quantity lubrication technology is an environment-friendly machining method in which oil in
a compressed air stream, rather than a �ood coolant, is applied to the machining area [17]. Xu Changwon
etc. [18] studied the process of stainless steel under gas cooling and MQL lubrication condition. The
results show that compared with dry cutting and traditional MQL lubrication, the friction coe�cient
decreased by 45% and 11%, and the wear rate decreased by 86% and 9%, respectively.

For the scCO2 micro-lubrication technology, the critical temperature of CO2 is 31.26℃, and the critical
pressure is 7.38MPa [19]. The scCO2 has a good dispersal ability just like gas and has a good solubility
just like a liquid. Therefore, the scCO2 can effectively enter the cutting area and play the role of cooling in
the worn area [20–22]. Rahim etc. [23] studied the machining performance of scCO2 micro-lubrication
technology. The results have shown that compared with the cooling and lubricating of conventional wet,
the cutting temperature and main cutting force were respectively depressed by 15% and 10%. Meanwhile,
the tool-chip contact length and energy also have been reduced.

The oil-on-water technology refers to the cold air, cutting �uid, and water to form an oil �lm attached to
water and spray the cutting �uid into the worn area to achieve cooling and lubricating [24]. S. Khedekar
etc. [25], the special atomizing nozzle of oil-on-water technology was designed by them and carried out
the test of cutting 45steel. The results showed that the cutting force of oil-on-water technology is reduced
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compared with gas cooling cutting and wet cutting, and surface quality is improved signi�cantly. In
addition, the life of the cutting tool is obviously lengthened by it.

1.3 Motivation of the work
Although the self-lubricating tool has many advantages, its disadvantages should not be neglected by us.
When the solid �lm of lubricant on the surface is destroyed and falls off, the lubrication of the tool
becomes invalid. Moreover, the self-lubrication tools have no cooling function. Near-dry cutting also has
many disadvantages. For instance, the cost of cooling gas is expensive, and the conventional MQL
lubrication will spray directly the atomized cutting �uid into the air for cooling and lubricating the cutting
area. However, a large amount of oil mist particles will suspend in the air, which will harm the
environment and people's health.

In order to solve these problems, this paper has proposed a new lubrication method to reduce large
amounts of oil mist particles suspended in the ambient air and enhance the cooling and lubrication
performance of cutting �uid.

2 Experiment
According to the wear law of tools in the cutting process, a micro-channel was manufactured on the
appropriate position of the cutting tool rake face. The micro-channel can contact the tool rake face with
the big oil hole to directly supply the atomized cutting �uid to the tool-chip contact surface.

2.1 Design of Cutting Tool
Cemented carbide YW1 was selected as the cutting tool material for this study. The composition, physical
and mechanical properties of this tool material are listed in Table 1. A big hole was processed by EDM
and fabricated on the bottom of the cutting tool. A micro-channel with a diameter of about  was
processed by EDM and fabricated in the proper position at the tool-chip interface of the rake face to
connect the big hole inside. A tool holder with an inner channel was prepared. The inner channel connects
with the big hole on the bottom of the cutting tool. The schematic of the cutting tool and the tool holder is
shown in Fig. 1.

Table 1
Properties of the cemented carbide tool materials

Composition
(wt.%)

Density
(g/cm3)

Hardness
(HRA)

Flexural
strength
(MPa)

Thermal expansion
Coe�cient (10− 6/℃)

Young’s
modulus
(MPa)

84%WC + 6%TiC + 
4%TaC + 6%Co

12.8 91.5 1200 6.3 760000

2.2 Construction of Atomizing System

300μm
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The equipment used for building the atomizing system includes an air pump, oil mist apparatus,
pipelines, a special tool holder, piezometer, over�ow valve, and pentrough, as shown in Fig. 2(a). The
principle of this atomizing system is that the cutting �uid in the oil mist apparatus is atomized by the
compressed air from the air pump, the oil mist passes through the pipelines and enters the special holder,
then the oil mist passes through the channel inside the holder get into the cutting tool and sprayed by
micro-channel inside the tool. Figure 2(c) shows the operational principle of the oil mist apparatus is that
the compressed air enters the equipment by the air import. A part of air enters the space of cutting �uid,
then the cutting �uid will be pressed into the top of the apparatus through the channel under the action of
compress. The cutting �uid will leave the top through the export a, which will rendezvous with the air of
the import b, then the cutting �uid of the export a will be atomized by the way of high-speed air to become
liquid droplets.

According to the following Darcy-Weisbeck’s formula [26]:

Where V is the air �ow rate of the pipeline at the outlet, D is the pipeline hydraulic radius,  is the
differential pressure, , s the acceleration of gravity F, s the friction coe�cient L, s the length of pipeline.

We can know from Darcy-Weisbeck’s formula that the air velocity of the system outlet is proportional to
its hydraulic radius. Therefore, the velocity of air�ow at the micro-channel outlet is very slow, then the
velocity of air�ow at the import b in Fig. 2(c) is very slow. Therefore, the cutting �uid at the export a in
Fig. 2(c) cannot be atomized into droplets, and the atomized cutting �uid cannot be sprayed at the micro-
channel outlet.

Fortunately, the problem can be solved by adding an extra big outlet that the diameter is 2mm inside the
tool holder, as shown in Fig. 2(b). The outlet of this atomizing system was expanded through this
method, so that the velocity of air�ow inside the system was accelerated. The cutting �uid in the oil mist
apparatus can be atomized successfully, and then the oil mist can be sprayed at the micro-channel outlet
through this atomized system, as shown in Fig. 2(d).

2.3 Cutting Test
In order to investigate the lubricating and cooling performances of the new lubrication method, the
experiments of the dry cutting, the MQL cutting, and the cutting of the new lubrication method have been
conducted. According to the different lubricating methods, the three group experiments were named Dry-T,
MQL-T, and New-T.

Cutting tests were carried out on a C6140 lathe equipped with the tool holder having the following
geometry: rake angle , clearance angle , inclination angle , and side cutting
edge angle . Cutting tools were used with the new lubricating cutting tool and conventional
tools. Conventional tools were used for both the Dry-T cutting and the MQL-T cutting. The new lubrication

V = √ (1)
2HLDg

F L

HL

g

γo = 0o αo = 11o λs = 0o

κr = 75o
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cutting tool was used for the New-T cutting. Micro-emulsi�ed water-soluble cutting �uid for semi-re�ned
cutting was used in this experiment, and the composition of the cutting �uid was listed in Table 2. The
�ow of the cutting �uid was 1.2L/h and the pressure of the atomizing system was 4bar in the MQL-T
cutting process. The �ow of the cutting �uid was 0.12L/h and the pressure of the atomizing system was
4bar in the New-T cutting process. Cutting forces were obtained with a piezoelectric quartz dynamometer
(type JR-YDCL-III05B, made in China) linked via change ampli�ers to a chart recorder. The cutting
temperatures were attained with a FLUKE 66 handheld infrared thermometer. The worn regions of the
cutting tools were examined using a scanning electron microscope (SEM). The workpiece materials are
45steel.

All the cutting tests were implemented with the following parameters: cutting depth , feed
rate , cutting speed , cutting length L=400m. Cutting Schematic diagram
of above three group tests such as Fig. 3 showed. During not cutting, the images of the new-T lubrication
and the MQL-T lubrication atomizing cutting �uid supply modes are shown in Fig. 4.

Table 2
Lubrication Composition

Composition Molecular formula Content CAS

Sodium phosphate Na3PO4 3% 7632-05-5

Isobutylene sul�de C8H16S3 5% 68511-50-2

Diethylene glycol monolaurate C16H32O4 15% 141-20-8

Glycerol C3H8O3 12% 56-81-5

Water H2O 65% 7732-18-5

3 Results And Discussion

3.1 Cutting Force and Temperature
Figure 5 shows the change of feed force, main cutting force, and radial force with the different types of
lubrication. The cutting forces of the New-T cutting are the lowest, while the cutting forces of the Dry-T
cutting are the biggest. Compared with the Dry-T cutting and the MQL-T cutting, the New-T lubrication
cutting force FX decreased by 26.7% and 14.3%, FY decreased by 20.5% and 10.9%, and FZ decreased by
14.5% and 5.9%. It means that the application of the New-T lubrication is superior in reducing cutting
force.

Figure 6 indicates the change of cutting temperature with the different types of lubrication. The cutting
temperature is 259.3℃, 129.9℃, and 155℃ in the cutting area of the Dry-T cutting, the MQL-T cutting,
and the New-T cutting. Due to the action of friction and plastic deformation, three regions will generate

ap = 0.3mm

f = 0.1mm/r v = 130m/min
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lots of heat during the cutting process, as shown in Fig. 7(a) and (b). Arrows of red, yellow, and green
represent the direction of heat �ow. For the conventional MQL lubrication, the atomized cutting �uid will
enter the top of the cutting chip, the back face of the tool, and the cutting transition surface to cool the
cutting area [27], as can be seen from Fig. 7(a). However, atomized cutting �uid of the New-T lubrication
�ows out of the micro-channel and only plays a cooling role in the tool-chip interface, as can be seen
from Fig. 7(b). And the amount of cutting �uid for cooling is lower than the MQL-T cutting. Therefore, the
cooling effect of the MQL-T cutting is better than the New-T cutting.

3.2 Friction Coe�cient and Length of tool-chip contact
interface
According to the value of the three-way cutting force, the average friction coe�cient of rake face, friction
angle, and shear angle can be calculated based on the following formulas [28]:

Where  is average friction coe�cient at rake face,  is friction angle,  is shear angle,  is rake angle.

Figure 8 illustrates the average friction coe�cient at the rake face of different lubrication types. It can be
known from the �gure that the average friction coe�cient of the New-T lubrication is the lowest, the
average friction coe�cient of the MQL-T lubrication is next, and the average friction coe�cient of the Dry-
T cutting is the largest.

This is mainly associated with the amount of cutting �uid entering the tool-chip interface. In the process
of the Dry-T cutting, there was no cutting �uid entering the tool-chip interface to form lubrication �lm in
the worn area for cooling and lubricating, then the chips contact with the tool substance directly. Thus,
the friction coe�cient is the largest. During the MQL-T cutting process, the �owing chips mainly have
bulk contact with the tool rake face and are followed by elastic contact just before leaving the contact
with the tool, and elastic contact allows slight penetration of the cutting �uid only over a small region by
capillary action [29]. Therefore, the atomized cutting �uid is di�cult to enter the tool-chip interface to play
a role of lubricating and cooling in the vicinity of the main cutting edge, as shown in Fig. 9(a). Some
scholars have proved that the capillary axis is perpendicular to the main cutting edge and randomly
distributed on the tool-chip contact interface with the �owing of the cutting chip [30, 31]. During the
cutting process, capillaries run throughout the whole tool-chip contact interface [32]. Compared with the
MQL-T cutting, the New-T cutting can directly supply the atomized cutting �uid to enter the tool-chip
contact interface. Assuming that the pumping e�ciency of capillaries remains constant. Due to the
micro-channel outlet on the rake face, some capillaries passing through the outlet are truncated. This not
only shortens the distance between atomized cutting �uid and the main cutting edge but also increases

μ = tanβ = tan (γo + arctan ) (2)
Fx

Fz

β = arctan (μ) (3)

φ = 45o − β (4)

μ β φ γo
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the e�ciency of the pump of capillaries and promotes the diffusion of atomized cutting �uid in the worn
area of the rake face, as shown in Fig. 9(b).

The friction angle and shear angle of different lubrication method can be calculated by the formulas (2),
(3), and (4). The �ction angle of the Dry-T cutting, the MQL-T cutting, and the New-T cutting is 35.67°,
34.25°, and 31.73°. The shear angle of the Dry-T cutting, the MQL-T cutting, and the New-T cutting is
9.33°, 10.75°, and 13.27°.

The formula for the total length of the tool-chip contact is following [33, 34]:

Where  is the total length of tool-chip contact interface, a is the undeformed chip thickness, is real
chip thickness,  is the chip thickness coe�cient.

Meanwhile, the total length of the tool-chip contact contains the length of the tool-chip contact of the
adhesive area and the length of the tool-chip contact of the slide area, which can be calculated by the
following formulas [35]:

Where  is the length of tool-chip contact of adhesive area,  is the length of tool-chip contact of
slide area,  is the dimensionless constant,  is the friction coe�cient of slide area.

According to the above formulas (8), (9), and (10), the  and  are proportional to friction angle and
inversely proportional to shear angle and rake angle. Figure 10 indicates that the ,  and  have a
marked decline due to the application of cutting �uid. Compared with the MQL-T lubrication, the New-T
lubrication can directly supply the atomized cutting �uid to enter the tool-chip contact interface to cooling
and lubricating, which contributes to the formation of the lubrication �lm. The value of the friction angle
of the New-T lubrication is less than the MQL-T lubrication. Therefore, the length of the tool-chip contact
interface of the Dry-T cutting is the longest, and the New-T lubrication is the shortest.

Lf = a ∙ (5)
ξ+2

2

sin(φ+β−γo)

sinφcosβ

ξ = (6)
a1

a

Lf a1

ξ

Lf2 = Lf − Lf1 (7)

Lf1 = Lf [1 − ( ) ] (8)
τs

μ2σo

1

ξ

= ∙ (9)
τs

σo

ξ+2

4(ξ+1)

sin[2(φ+β+γo)]

(cosβ)2

μ2 = (10)
τs

σo

1

(1− )

ξ
−1

μσo
τs

ξ

Lf2 Lf1
τs

σo
μ2

Lf Lf1

Lf Lf1
Lf2
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The average friction coe�cient of the rake face contains the average friction coe�cient of the adhesive
area and the average friction coe�cient of the slide area, which can be calculated by the formula (10)
and the following formula [35]:

Due to the adhesive area and slide area of the rake face having different wear patterns, the friction
coe�cient shows different changing rules under diverse conditions of cutting lubrication. Figure 11
shows the change of the average friction coe�cient of the adhesive area and the average friction
coe�cient of the slide area. Compared with the Dry-T cutting, the friction coe�cient of both the adhesive
and slide worn area of the MQL-T lubrication decreased signi�cantly. Compared with the MQL-T
lubrication, the decrease of the friction coe�cient of both the adhesive and slide wear area of the New-T
lubrication is more pronounced. It means that the lubrication performance of the New-T lubrication is
rather than the MQL lubrication.

3.3 Wear Mechanism
Figure 12 shows the wear surface of the tool tip and the rake face under three lubrication conditions. It
can be seen in Fig. 12(a), (b), and (c) that the volume of built-up edge on the tool tip of the Dry-T cutting is
the biggest, and the size of the built-up edge on the tool tip of the MQL-T cutting is next, and the size of
built-up edge on the tool tip of the New-T cutting is the smallest. This situation is related to the cutting
temperature and the lubrication of the cutting �uid. Due to the action of cooling and lubricating of cutting
�uid, the volume of built-up edge on the tool tip of the MQL-T cutting and the New-T cutting is relatively
minor. However, the size of the built-up edge on the tool tip of the New-T cutting is smaller than the MQL-
T cutting, because the cutting �uid of the New-T cutting is easier to enter the regions of the main and
auxiliary cutting edge and to play a role of cooling and lubricating during the cutting process.

It can be seen from Fig. 12(d), (e), and (f) that there are a large number of furrows, micropores, and
adhesive materials at the worn area of the rake face of the Dry-T cutting. During the MQL-T cutting
process, the number of furrows, micropores, and adhesive materials at the wear area of the rake face
reduced. While the furrows on the rake face of the New-T cutting almost disappeared, the number of
micropores and adhesive materials in the worn area also decreased signi�cantly. The furrows on the
worn area are mainly caused by abrasive wear. In the cutting process, providing there is no lubricating
and cooling of cutting �uid, it is di�cult to form a �lm on the tool-chip contact interface, which makes the
chip and the material of the tool contact directly. In addition, the cutting heat generated by cutting cannot
dissipate in time, and the hardness of the rake face will decrease sharply at high temperatures. As a
result, when the hard point in the chip across the rake face, many furrows are left in the tool-chip contact
interface. The conventional MQL-T lubrication has a better cooling effect during the cutting process, then
the hardness of the rake face is less affected by temperature. Therefore, the number of furrows is
reduced. There is little difference between the cutting temperature of the New-T lubrication and the MQL-T

μ1 = (11)
τs

σo

Lf1(1+ξ)

Lf[1−( )
ξ+1

]
Lf −Lf1

Lf
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lubrication, while the New-T lubrication can supply the atomized cutting �uid to enter the tool-chip
contact interface directly, then the furrows almost disappear. The micropores and adhesive materials in
the worn area are mainly caused by adhesive wear. In the cutting process, the chip’s atoms and the tool’s
atoms were adhered to together by the cutting condition of high temperature and high pressure. Because
the adhesive point suffers from a strong impact during the cutting process, the cutting strength at a part
of the adhesive point is lower than the tool strength, which will be torn from the chip and left at the rake
face of the cutting tool. And the cutting strength at the other adhesive point is higher than the tool
strength, which will be torn from the tool and taken away by chip �ow. Therefore, many micropores and
adhesive materials appeared on the worn area of the rake face. Compared with the Dry-T cutting, the
number of adhesive points on the worn area of the MQL-T cutting was reduced due to the lubrication �lm
on the tool-chip interface. In the New-T cutting process, because the cutting �uid enters the tool-chip
contact interface more e�ciently, the formation rate of lubrication �lm is faster than the MQL-T
lubrication. Because the diffusion e�ciency of the New-T lubrication is better than that of the MQL-T
lubrication, the range of lubrication �lm formation is bigger than the MQL-T lubrication. Therefore, the
number of adhesive points on the tool-chip interface of the New-T lubrication is less than the MQL-T
lubrication, so the number of micropores and adhesive materials is less than the MQL-T lubrication.
Meanwhile, proving that the lubrication e�ciency of the New-T lubrication is better than the MQL-T
lubrication.

In a word, the above analysis shows that abrasive wear and adhesive wear are the main wear mechanism
for the Dry-T cutting and the conventional MQL-T cutting, while the wear mechanism of the New-T cutting
is dominated by adhesive wear.

Due to the in�uences of mechanical and thermal actions in the tool-chip contact interface, the elements
in the cutting �uid will combine with the tool material and penetrate the tool surface. In order to compare
the permeability of cutting �uid under the MQL-T and the New-T lubrication conditions, EDS elements
analysis of the worn area of two lubrication conditions was implemented by us. Figure 13 and Fig. 14
show the analysis results and the type of elements.

Most of the P and S elements in Fig. 13 are on the outside of the tool-chip contact interface of the rake
face, and only a small part of the P and S elements distribute in the vicinity of the main and auxiliary
cutting edge. Because the S and P elements are the unique elements of the cutting �uid, indicating that
the cutting �uid is di�cult to enter the too-chip contact interface to lubricate during the cutting process.
However, the number of S and P elements in the vicinity of the main and auxiliary cutting edge are
obviously larger in Fig. 14 than in Fig. 13. Consequently, the above analysis illustrates that the
permeability of the New-T lubrication is better than the MQL-T lubrication.

Because the cutting material is 45steel, thus, it can be known the effectiveness of these two lubrication
methods in resisting adhesive wear by comparing the amount of Fe elements on the rake face. In
addition, the cutting �uid is atomized by press air, and the high-speed air�ow increases the oxygen
concentration around the tool. Due to the high-temperature environment, the tools and the adhesive
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materials are easily oxidized, then the tool strength will gradually decrease with the deepening of the
oxidation degree. Figure 13 shows that Fe and O elements are more abundant in the area of severe wear
on the rake face than in the same area of Fig. 14. However, Fig. 14 shows that Fe and O elements are
signi�cantly less than Fig. 13 in the area of severe wear on the rake face, and most of them are
distributed near the main and auxiliary cutting edge. This phenomenon also proves that the antioxidant
performance of the New-T lubrication is better than that of the MQL-T lubrication.

There are some materials in the outlet of the micro-channel shown in Fig. 15(a). Figure 15(b) is the
analysis result of the EDS element scanning on this material. It can be known that is the workpiece
materials. Figure 16 is the schematic diagram of derivative cutting at micro-channel export. The edge of
the micro-channel export can be viewed as the cutting edge of derivative cutting when the chip �ows
through the micro-channel export, which makes the workpiece material at the bottom of the chip separate
by extrusion and friction and forming derivative chips. Derivative cutting will not only wear and destroy
the micro-channel export but also adhere to the micro-channel export due to the action of cold welding,
blocking the outlet. It is recommended to �llet the edge of the micro-channel outlet to avoid derivatives
during the cutting process.

4 Conclusions
A new cutting tool was fabricated, which can provide the atomized cutting �uid to enter the tool-chip
contact interface directly to continuous lubricating in the worn area of the rake face. The following
conclusions were obtained:

1). A new lubrication method was proposed, and the special tool, tool holder, and atomizing system were
prepared successfully.

2). During the process of the New-T cutting, the cutting force, the friction coe�cient, and the length of
tool-chip contact is the smallest. While the cutting temperature is higher than the MQL-T lubrication. The
effect of lubricating is better than the conventional MQL. Meanwhile, the amount of the cutting �uid used
by the new lubrication method has been reduced by 10 times.

3). According to the pictures of the rake face of the cutting tool attained by SEM, the New-T lubrication
improves the conditions of cutting tool wear more than the conventional MQL cutting. The wear
mechanism is dominated by adhesive wear.
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Figure 1

The schematic of the cutting tool and the tool holder. (a) Internal structure of tool (b) Tool installation (c)
Tool connected with internal channel 
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Figure 2

The schematic of the atomizing system. (a) Overall construction of atomization system (b) The internal
structure of special holder (c) The work principle of oil mist apparatus (d) The atomized cutting �uid at
the micro-channel export
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Figure 3

Experimental scheme diagram of cutting
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Figure 4

Atomized cutting �uid supply mode of the MQL-T lubrication and the New-T lubrication during not cutting
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Figure 5

Average value of three-way cutting force
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Figure 6

Cutting temperature of rake face of different types of lubrication
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Figure 7

Generation and conduction of cutting heat
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Figure 8

Average friction coe�cient of rake face of different types of lubrication
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Figure 9

Lubricating schematic diagram of MQL cutting and The New-T cutting

Figure 10

Length of tool-chip contact of rake face of different types of lubrication
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Figure 11

the average friction coe�cient of adhesive area and slide area of different types of lubrication
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Figure 12

The worn area of three lubrication conditions rake face. (a) The tool tip of Dry cutting (b) The tool tip of
conventional MQL lubrication cutting (c) The tool tip of The New-T lubrication cutting (d) The rake face of
Dry cutting (e) The rake face of conventional MQL lubrication cutting (f) The rake face of The New-T
lubrication cutting

Figure 13
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EDX image of P, S, O and Fe elements distributed of conventional MQL lubrication at rake face

Figure 14

EDX image of P, S, O and Fe elements distributed of The New-T lubrication at rake face

Figure 15

SEM image of outlet of micro-channel and EDS element analysis
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Figure 16

Schematic diagram of derivative cutting at micro-channel export


