JOURNAL OF ASIAN CERAMIC SOCIETIES
https://doi.org/10.1080/21870764.2023.2259544

THE CERAMIC [~ THE KOREAN Taylor & Francis
SOCIETY OF JAPAN &

Taylor & Francis Group

CERAMIC SOCIETY

RESEARCH ARTICLE

8 OPEN ACCESS | ™ check forupdstes

An electromagnetic coupling treatment for improving the cutting
performance of cemented carbide-coated tools

Kaien Sun®?, Bo Zeng?®, Yi Qin<, Chengjun Deng?, Yi Yang?, Kunlan Huang®® and Jie Wang?®

aSchool of Mechanical Engineering, Sichuan University, Chengdu, Sichuan, P.R. China; Yibin Industrial Technology Research Institute of
Sichuan University, Yibin, Sichuan, P.R. China; <Centre for Precision Manufacturing, DMEM, The University of Strathclyde, Glasgow, UK

ABSTRACT

To improve the cutting performance and prolong the service life of a carbide-coated tool in the
process of ductile iron machining, an electromagnetic coupling treatment (EMCT) was carried
out. The cutting experiments show that the cutting force and cutting temperature are reduced
after EMCT, and the roughness of the machined surface is reduced. It is found that after EMCT
with optimal parameters the dislocation density, microscopic strain, microhardness and bond-
ing strength of an alumina coating increase by 109.2%, 28.2%, 28.3% and 26.6%, respectively.
Using the actual machining of a differential housing to verify the tool life, it is found that after
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EMCT, a single tool can process 18.4 more workpieces or in other words, the tool life increased
by 44%. EMCT can promote element diffusion, optimize coating properties and have great

potential in coating tool life extension.

1. Introduction

Ductile iron is widely used in wear-resistant parts such
as a diesel engine body, cylinder head and crankshaft
due to its prominent casting performance, corrosion
resistance, wear resistance and vibration reduction.
Ductile iron accounts for more than 40% of the cast
iron market today [1]. But ductile iron is difficult to
process because of its high hardness and strength.
Especially pearlite ductile iron, its strength is higher,
but machining tool life is significantly reduced [2]. The
dispersed matrix structure of ductile cast iron is the
main factor affecting its machinability. The hard phase
in ductile cast iron will impact the tool and affect the
stability of the cutting process and tool life [3]. Chip
discontinuity will increase tool vibration and wear,
while heat accumulation in the tool nose will acceler-
ate the oxidation and failure at that point. If the more
expensive CBN cutting tool is used, the ferrite in cast
iron will cause chemical erosion of the CBN particles in
the tool, resulting in rapid wear and reduced tool life
[4,5]. Currently, coated cemented carbide tools with
good wear resistance and oxidation resistance are
mainly used for processing [6-8], but there are still
some problems, such as short tool life and poor surface
quality [9]. It is therefore necessary to find a way to
enhance the cutting performance of coated cemented
carbide tools, so as to improve the machining quality
and prolong the tool life [10].

Electromagnetic coupling treatment (EMCT) is
one of the special energy field assisted manufac-
turing technologies. The technology is used to
strengthen metal parts by coupling applied pulsed
electric and magnetic fields in order to obtain
modifications by adjusting the material microstruc-
ture [11]. This technology offers the advantages of
being quick to process, having a clear result and
not polluting the environment. It is a brand-new
tool that advances technology [12]. A large amount
of studies have found that the external magnetic
field will affect the microstructure of materials and
thus change their properties [13]. Yongfeng Yang
conducted magnetic treatment on a cemented car-
bide (WC-12Co) milling tool, and found that the
cutting process changed from two-body friction
to three-body friction, thus the wear resistance
was improved. Moreover, magnetic field treatment
causes dislocation movement and improves tool
hardness [14,15]. Qiugin Li applied pulsed mag-
netic field treatment to a WC-6Co tool and carried
out cutting experiments on TC4 with the treated
tool, and found that the life of the tool was pro-
longed and the surface quality of the workpiece
was enhanced [16]. Li’s research shows that mag-
netic field treatment improves tool thermal con-
ductivity and improves wear performance. Hao
Qiu applied pulse magnetic treatment to the
coated tool and carried out cutting experiments,
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and found that the residual compressive stress of
the coating increased, the adhesion improved, and
the tool life prolonged [17]. Hanlin Fei carried out
pulsed magnetic field treatment on a CBN tool,
and the cutting experiment found that after the
treatment flank wear of the tool was greatly
reduced [18]. Fei's research suggests that pulsed
magnetic field treatment can increase the com-
pressive stress and bonding strength of the coat-
ing. Studies have shown that electric fields can
promote atomic diffusion and defect repair of
metal materials [19,20]

An external magnetic field superimposed with an
electric field will produce a more significant change in
the performance of the metal material. Qianwen
Zhang found that an electromagnetic coupling treat-
ment can improve the thermal conductivity of WC-8Co
[21], Min Yuan found that the electromagnetic cou-
pling treatment can improve the fracture toughness
and reduce the cutting heat of WC-TiC-Co cermet tools
[22]. Existing studies have shown that electromagnetic
coupling treatment can optimize the properties of
cemented carbide materials and extend the cutting
life, but there are few reports on how to improve the
mechanical performance of coated cemented carbide
tools.

In this paper, an electromagnetic coupling treat-
ment is used to treat coated carbide tools for machin-
ing ductile iron, with the aim of studying the
mechanical and cutting properties of coated carbide
after the treatment and exploring the strengthening
mechanism of the mechanical properties.

Figure 1. SEM images with EDS analysis of the tool.

Table 1. Element composition of QT600-3.

2. Materials and methods
2.1. Coated carbide tool

The substrate of the tool (CNMG120412-RK MC5015,
Mitsubishi, Japan) used in this experiment is WC-8Co,
with a transition layer of 9.7 um TiCN and the outer layer
of 4.8 um Al,O3 coating. The SEM image and EDS infor-
mation of the carbide coated tool are shown in Figure 1.

2.2. Workpiece materials

The material used in the cutting experiment is the
pearlite ductile iron bar of QT600-3 with a diameter
of 70 mm and a length of 200 mm. Its chemical com-
position is shown in Table 1. In the actual production
process, this blade is used to process the housing of
a certain type of differential, and the material is also
QT600-3. The photos of the ductile iron bar and the
differential gear housing are given in Figure 2.

2.3. Electromagnetic coupling treatment (EMCT)

Figure 3 is a schematic diagram of the electromagnetic
coupling field generator used in this experiment.
Copper electrodes are connected to both sides of the
sample, and a pulsed current is applied. The excitation
coil provides a spatial magnetic field. Current power
supply and excitation coil power supply work synchro-
nously through PLC control. When the magnetic pulse
is released, the current pulse is applied to realize the
electromagnetic coupling of the sample.
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Figure 3. Schematic diagram of the electromagnetic coupling treatment.

Table 2. Processing parameters of electromagnetic coupling treatment.

Number of specimens

Treatment Tool 1 Tool 2 Tool 3 Tool 4 Tool 5
Magnetic field intensity (T) 0 0.5 1.0 1.5 2.0
Magnetic field frequency (Hz) 0 1.0 1.0 1.0 1.0
Electric field intensity (V) 0 12 1.2 12 12
Electric field frequency (Hz) 0 50 50 50 50
Processing time (min) 0 4 4 4 4
Processing temperature (°C) 25 25 25 25 25

Previous experiments demonstrate that the electric
field provided by the current and the magnetic field
provided by the excitation coil will affect the perfor-
mance of the sample in varying degrees. The electric
field intensity and magnetic field intensity are two
variables of this experiment, and the experimental
parameters are set as shown in Table 2. Among them,
Tool 1 was the control sample.

2.4. Cutting experiment

In order to study the impact of EMCT on the cutting
performance of coated cutting tools, dry cutting
experiments were carried out on a CK6140 CNC
machine with the above-mentioned numbered cut-
ting tools (Figure 4). The cutting parameters were
as follows: spindle speed 400 r/min, cutting depth
0.5 mm, feed speed 0.2 mm/r. The distance of each

axial feed is 130 mm, and the feed process is
repeated 13 times until the workpiece diameter is
reduced to 45mm. During the cutting process,
a Kistler 9257B three-way dynamometer was used
to collect cutting force data, and the sampling fre-
quency was 800Hz. The cutting temperature is
measured by a FLIRA 6555C thermal imager
(FLIR, USA).

2.5. Actual machining verification

To further verify the cutting performance of the tool
after EMCT, tool was used in the actual production to
process the differential housing. The tool life is evalu-
ated based on the maximum number of pieces pro-
cessed, and the machining quality is evaluated by the
surface roughness of the workpiece.
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Figure 4. Turning experiment set up.

2.6. Measurement

The tool wear was measured by A VSM-3020 optical
profilometer. A Bruker Contour GT-K was used to mea-
sure the surface roughness of the workpiece. A Nano
Indenter G200 was used to measure the nanohardness
and elastic modulus of the tool coating at a pressure of 8
mN. The bond strength of coatings was measured by an
Anton Paar Rst automatic scratch instrument with
a loading speed of 198 N/min. The tool section morphol-
ogy was observed with a Thermo ScientificTM Apreo
S emission scanning electron microscope, and elemental
analysis was performed with the Oxford X-Max energy
spectrum detection system mounted with the electron
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microscope. The thermal conductivity of the tool as
a whole is measured in this study. The shape of the tool
is a rhombus. A pair of parallel planes are selected as the
test surface. The device LW-9389 is used for testing
according to the ASTM 5470 standard, and multiple mea-
surements are averaged to get the final result.

3. Results and discussion
3.1. Cutting force

Figure 5 shows the feeding force (Fx), radial thrust
force (Fy), tangential force (Fz) and resultant force of
the tools after EMCT with different parameters in the

00 - . ¢ . . .
0 400 800 1200 1600 2000 2400 2800
Time/s

Figure 5. Cutting forces of tools under different EMCTs: (a) fx, (b) fy, (c) fz, (d) resultant force.



cutting experiment, where Tool 1 represents the con-
trol group, which is the original tool without EMCT. As
can be seen from the figure, with the extension of
cutting time, the cutting force in the three directions
and resultant force gradually decrease and become
stable. When the cutting time exceeds 2200 s, the
cutting forces of Tool 1 and Tool 2 start to increase
abruptly, which may be because the flank of the tool is
continuously worn and consumed in the cutting
experiment and the coating begins to fail [23].
Compared with Tool 1, the tools after EMCT show
a lower level of cutting force and a longer stable cut-
ting time, which may be related to the hardness and
wear resistance of the tools’ coatings [24]. Among
them, in all cutting experiments, the cutting force of
Tool 3 is the smallest, and at 2600 s is still stable,
indicating that the tool wear is still slight at this time
and is not at the failure state.

3.2. Cutting temperature and thermal
conductivity

The cutting temperature has a great influence on the
tool life and workpiece surface quality. Continuous high
temperature cutting easily leads to tool failure. Studying
the changing laws of cutting temperature can provide
effective information for analyzing tool life and machin-
ing quality. In the process of cutting, the cutting tool
and the cutting material experience friction at high
speed, resulting in considerable cutting heat. Some of
the heat is carried away by the chip, and some is
absorbed by the nose of the tool and carried backwards.
If the thermal conductivity of the tool is poor, it is easy to
lead to the accumulation of heat in the tool nose, which
increases the tool's thermal deformation and wear con-
sumption, shorten the tool's life, and affects the surface
roughness of the machined object [25].

The cutting temperature was recorded by an infra-
red thermal imager. Figure 6 shows the temperature
trend from tool nose to body during steady cutting.
The horizontal axis represents the distance between
the test point and the tool nose (mm), and the

workpiece
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vertical axis represents the temperature (°C). As can
be seen from the figure, the temperature gradually
decreases from the nose to the body of the tool.
Lower tool nose temperatures for Tools 2 through 5
than for Tool 1 may be due to the EMCT, which
lessens friction and heat generation during tool cut-
ting [21,25]. Tool 1 has the steepest line, while Tool 3
has a more gentle slope, which reflects the difference
in thermal conductivity of different samples. The
thermal conductivity determines how easily the
heat from the nose can be transferred backwards.
Tool 1 and Tool 3 with the largest trend difference
were selected for the thermal conductivity test, and
the results are shown in Table 3. It can be seen that
after the EMCT with magnetic field intensity 1.0 T and
electric field intensity 1.2V, the tool’s thermal con-
ductivity is increased from 8.86 W/(m-K) to 9.47 W/
(m-K), an increase of 6.9%. Therefore, after EMCT, the
tool heat transfer is quicker, resulting in a smaller
temperature differential between the tool's two
ends, quicker heat dissipation at the tool nose, less
accumulation of cutting heat, lower oxidation losses,
and longer tool life.

3.3. Surface roughness

Surface roughness is a vital index to evaluate the qual-
ity of processed surface, which can reflect the wear
behavior of the contact area between the cutting
edge and the workpiece [26], and indirectly evaluate
the life of the tool. In industry, average roughness (Ra)
is mainly used to characterize the level of surface finish.
The test results of the surface roughness of the experi-
mental samples are shown in Figure 7.

The workpiece surface roughness acquired by the
unprocessed Tool 1 is 4.08 um. However, the work-
piece surface roughness acquired by the Tool treated
with EMCT is reduced, and the value of the workpiece
corresponding to Tool 3 is only 3.08 um. After EMCT,
the wear of tip nose is reduced, so the workpiece sur-
face roughness is smaller [26].
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Figure 6. Photos of cutting temperature: (a) measurement, (b) temperature distribution of turning tool.
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Table 3. Thermal conductivity results.
Thermal conductivity W/(m-K) Thermal diffusivity mm?/s

Tool 1 8.86 3.38
Tool 3 9.47 361

3.4. XRD analysis

The literature [27] shows that the performance and
service life of coatings are affected by the difference
in microstructure. Figure 8 shows the transition and
outermost phases of the tool coating. This is because
the XRD test depth is about 10 um, which is greater
than the thickness of the outermost Al,Os (4.8 um), so
the inner bonding layer TiCN is also detected. The
diffraction peaks of all samples did not shift, indicating
that neither phase transformation nor generation of
a new phase took place in the samples. In XRD data,
the Al,O3 diffraction peak with high diffraction inten-
sity is selected and combined with Scherrer equation,
the dislocation density (8), microscopic strain (g) and
average grain size (D) of each sample coating can be
calculated [27]. According to the data of elastic mod-
ulus (E) of Al,O3 coating, residual stress can also be
calculated. D is the coating average grain size (nm),
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which can be obtained from Formula (1). § is the coat-
ing dislocation density (hm™2), which can be obtained
from Equation (2). € is the microscopic strain calculated
by Equation 5. o is residual stress calculated by
Equation 5., where k=0.89 (Scherer constant), A=
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Figure 8. XRD patterns of tools.
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Table 4. Microstructure and properties of Al,05 coating.

Samples D (nm) E (GPa) ex1073 8x1073 (nm™?) Stress (MPa)
Tool 1 37.58 22495 2487 0.747 559.5
Tool 2 35.95 220.52 2.589 0.841 571.0
Tool 3 30.25 247.40 3.189 1.561 789.0
Tool 4 30.35 245.63 3.110 1.356 763.9
Tool 5 32.36 236.96 2.862 1.013 678.1

0.15406 A (Copper target), B=FWHM (radians), 6=peak
position (radians). The relevant data are shown in
Table 4.

kA
?Bicos0) v
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6= @
~ 4tanf
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It can be seen from the data in Table 4 that tool 3 has
the highest microscopic strain, largest dislocation den-
sity and smallest grain size of Al,O5 coating, while tool
1 has the opposite effect. The results show that the
EMCT process increases the dislocation density
(109.2%) and microscopic strain (28.2%) of the coating,
and then increases the residual stress. According to the
literature [18,28,29], the Al,O3 coating should be in the
state of compressive stress, and greater compressive
stress is helpful to reduce the wear consumption of the
coating and improve the service life.

3.5. Nanoindentation analysis

Figure 9(a) shows the load-displacement curves of five
samples. According to the nanoindentation curve, the
elastic modulus values (E), hardness (H) and elastic
recovery rate can be calculated. The load—displacement
curves of the same batch of cutters are obviously differ-
ent after the EMCT with different parameters, which
indicates that the mechanical performance of the coat-
ing is changed to different degrees during EMCT. The
elastic recovery rate can be calculated from Equation 5.

hmax - hf

Re = P (5)
where h,q. represents the maximum displacement
during loading, and hy represents the displacement
after unloading. Therefore, the coatings’ Re values
on the Tool 1 to Tool 5 were 53.80%, 69.35%,
81.55%, 64.50% and 54.60%, respectively. The higher
the Re value of the material, the stronger the resis-
tance to plastic deformation [30,31]. It can be seen
from the calculation results that, compared with the
control samples, the anti-plastic deformation ability
of the tool coating is enhanced in different degrees
after EMCT, and Tool 3 has the largest improvement.
Figure 9(b) shows the elastic modulus values and
nanohardness of the five tools. As can be seen from the

Table 5. Micromechanical properties of five tools.

Samples Elastic modulus (E)/GPa Hardness (H)/GPa H3/E2 H/E
Tool 1 224.95+45.63 15.05+0.62 0.0704 0.0680
Tool 2 220.52+67.87 15.38+0.96 0.0858 0.0731
Tool 3 247.40+51.84 19.31+0.98 0.1284 0.0801
Tool 4 245.63+63.19 18.38+0.64 0.1205 0.0783
Tool 5 236.96+33.57 16.64+0.96 0.0835 0.0707
350
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Figure 9. Nanoindentation analysis: (a) load—displacement curve, (b) hardness and elastic modulus.
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figure, after electromagnetic coupling treatment, the
elastic modulus of the tool has no significant change,
but the hardness has increased. The tool’s initial hard-
ness was 15.05 GPa, and it became harder after treat-
ment. The most obvious is Tool 3, which reaches 19.31
GPa, up 28.3%. Table 5 shows the micromechanical
properties of the sample measured by the nanoinden-
tation experiment. As can be seen from the table, Tool
1 coating deformation resistance index (H*/E? and H/E)
is the lowest, while Tool 3 coating deformation resis-
tance index is the highest. According to the plastic
deformation theory, the greater the value of H*/E?
and H/E, the stronger the anti-plastic deformation abil-
ity of the coating, that is, the coating tool has better
wear resistance under load [32-34].

3.6. Adhesion strength

The bonding strength between coating and substrate
is a significant index to evaluate coating quality, which
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directly determines the cutting properties and service
life of the coated tool. The adhesion strength of EMCT
coatings with different parameters was measured by
scratch method. In the scratching process, the sudden
change of friction coefficient is taken as the signal that
the coating is scratched, and the loading force at this
time is the adhesion strength of the coating. Figure 10
shows a photograph of the scratch and the location of
the friction coefficient mutation. As can be seen from
the figure, the bonding strengths of Tool 1 to Tool 5
are 52.3 N, 594 N, 66.2 N, 65.5 N and 60.2 N, respec-
tively. In other words, the tool coating’s bonding
strength is improved following EMCT to varying
degrees, with a maximum rise of 26.6% (Tool 3).

The variation of bonding strength of the coating
may be connected with the diffusion of elements
between coating and substrate [27]. The enhancement
of adhesion may be due to the enhanced diffusion
process of elements between coatings. The failure of
coating mostly rests with plastic deformation and frac-
ture. In the early phase of the scratch experiment, the
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Figure 10. Scratch and friction coefficient: (a) tool 1, (b) tool 2, (c) tool 3, (d) tool 4, (e) tool 5, (f) adhesion of samples.



coating began to change from elastic deformation to
plastic deformation. With the increase of the load, the
coating was damaged until the applied load exceeded
the plastic deformation limit of the coating when the
coating was completely broken and spalling [35]. In the
scratch experiment, the coatings’ plastic deformation
resistance is consistent with the results of nanoinden-
tation analysis. After the EMCT with the electric field
intensity of 1.2 V and the magnetic field intensity of 1.0
T, the bonding strength and plastic deformation resis-
tance of the coating are improved.

The most immediate cause of increased adhesion
strength is the diffusion of elements between coatings
[36-38]. In order to further verify the effect of EMCT
with electric field intensity of 1.2V and magnetic field
intensity of 1.0 T on the bonding strength of the tool
coating, element distribution experiments in quasi-in-
situ were carried out. An EDS line scan was performed
on the specified location of the sample section first,
and then the EMCT experiments of 1.2V and 1.0 T were
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conducted on the sample. Finally, an EDS line scan was
performed again on the same location of the section,
and the results are shown in Figure 8. The main focus is
on the metal elements of the sample, which are Al, Ti
and W, respectively. The area where the element con-
tent changes abruptly is the area of coating transition.
Figure 11(b) shows that, before treatment, there is an
element diffusion region of about 1.80 um between
the outermost Al,O3 and the bonding layer TiCN of
the sample which is formed during the preparation of
the coating. And a diffusion zone of 1.37 um thickness
exists between TiCN and WC substrate.

After EMCT, the thickness of element diffusion
region between Al,05; and TiCN increased to 2.01 um
and that between TiCN and WC increased to 2.04 um.
The variation indicating that the EMCT process pro-
moted the element diffusion between coatings,
enhanced the movement of aluminum in the outer
alumina to the inner layer and enhanced the migration
of Ti in the inner TiCN to the outer layer so does the Ti
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Figure 11. Quasi-in-situ EDS line scan photos of the sample: (a)cross-section SEM image, (b) elemental distributions before EMCT,

(c) elemental distributions after EMCT.

Figure 12. Schematic for the elements migration of the coatings.
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and W in the next interface. Therefore, after EMCT with
an electric field intensity of 1.2V and magnetic field
intensity of 1.0 T, two element diffusion gradient layers
of about 200 nm and 700 nm were formed where the
coating bonds, which improved the adhesion strength
of the coating.

Figure 12 shows the migration of different ele-
ments in the tools during the EMCT process. The
diagram on the left shows the initial state of the
tool coating. The matrix is WC, the bonding layer is
TiCN, and the outermost layer is Al,05. The accumu-
lation of atomic layers is a simple expression of coat-
ing thickness. At this time, there is a transition region
between the outermost layer and the bonding layer,
which is represented by the element mixing layer.
There is also an element mixing layer between the
bonding layer and the matrix, indicating the transi-
tion between TiCN and WC. During EMCT, elements
begin to diffuse. Al in the outermost layer moves
inward, while Ti in the middle layer also moves
inward and outward, W in the matrix moves into
TiCN layer. The result is an increase in the thickness
of the mixing layer of elements, represented by two
layers of atoms. The final coating obtained is shown
in the right diagram. Compared with the initial state,
the coating at this time has a greater thickness of the
element diffusion gradient layer, which is of great
significance for improving the binding strength,
wear resistance and service life of the coating.

Under the action of the electric field, the disor-
dered Al,03 molecules are no longer ionized but
are turning direction polarization [39]. The orienta-
tions of electric dipoles tend to be uniform, and
the O-Al bond is deflected directionally and elon-
gated under the electric field, lowering the break-
age energy of the O-Al bond [40]. In addition, due
to the turning polarization, the electric dipole
moment of the AI203 molecule is not zero, and
the atoms are in an unstable state, so that the O-Al
bond is easy to break, helping the O atoms and Al
atoms to diffuse into the inner TiCN. Under the
conditions of an electric field, diffusion s
a bidirectional process [41,42]. The magnetic field

(a) 020
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will cause the movement of the free vacancy in the
material organization, resulting in the lattice rear-
rangement of the microscopic region. Chemical
bonds are formed and broken during structural
rearrangement. The microscopic residual stress
after fracture becomes the driving force of atomic
migration [43]. Under the condition of electromag-
netic coupling, the effects of electric field and
magnetic field superposition promote each other,
accelerate the fracture of the O-Al bond and the
migration of Al and O atoms to the inner layer and
finally realize element diffusion. The macroperfor-
mance is that the coating bonding force is
enhanced and the cutting performance is markedly
improved. The deeper theory of atomic migration
between coatings during electromagnetic coupling
treatment will continue to be explored in the fol-
lowing studies.

3.7. Tool life verification

The cutting experiments show that the cutting
temperature, cutting force and surface roughness
of workpiece are reduced after the EMCT. It is
found that the EMCT can improve the hardness,
plastic deformation resistance and bonding
strength of the coating. However, whether the uti-
lity performance of the tool is improved must be
tested through actual processing. The differential
housing was processed with the tools that passed
through the above EMCT, also numbered Tool 1 to
Tool 5. After each machining of 10 pieces, the flank
wear of the tools was measured (Figure 13), and
the maximum machining life of each tool was
noted. In order to evaluate the machining quality,
the surface roughness of the 40th shell was
observed and recorded (Figure 14).

The VB in Figure 13(a) shows the extent of tool wear.
With the increase of the number of machining pieces,
tool wear gradually intensifies. Compared with Tool 1, the
wear extent of tools (Tool 2 to Tool 5) after EMCT is
reduced. The blue line is the gentlest, indicating that

50}
5 b 60.2

558 50a

30 466
41.8
20t

Number of parts / PCS

Tool1 Tool2 Tool3 Tool4 Tool5

Figure 13. Tool life verification: (a) flank wear of tools, (b) maximum number of processed pieces.
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Figure 14. Surface roughness of number 40th differential housing.

Tool 3 has the lowest wear rate. After processing 40
workpieces, Tool 1's VB reaches 0.186 mm, while Tool
3’s VB is only 0.141 mm, a 24.2% reduction. Reducing
back tool wear is beneficial to prolong tool life and
improve machining quality [44]. It can be seen from
Figure 13(b), the maximum number of processed pieces
of Tool 1 is only 41.8, while other tools are improved. The
corresponding value of Tool 3 is 60.2, indicating that after
EMCT of 1.2V and 1.0 T, one tool can process 18.4 more
workpieces, and the tool life is increased by 44%. This
verification result has a great significance for improving
tool utilization and reducing production cost.

Figure 14 shows the machined surface roughness of
the 40th housing. The surface roughness of the hous-
ing produced by Tool 1 is the highest, whilst the sur-
face roughness of the housing produced by Tool 3 is
the lowest. When the machining parameters are the
same, the roughness of the machining surface is deter-
mined by the wear condition of the tool nose, so this
part of the data is consistent with the above flank wear.
Through the working condition verification, after
EMCT, the tool hardness increases, the wear consump-
tion slows down, the surface roughness of the housing
decreases, and the machining quality is improved.
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4. Conclusions

In this study, the electromagnetic coupling treatment was
carried out on the carbide-coated tool to change the
hardness and cutting properties of the tool, this resulted
in the extension of tool life and the enhancement of
machining quality. The main conclusions are as follows:

(1) After EMCT, the cutting force on the coated tool
decreases. The thermal conductivity of the tool
increases and the cutting temperature decreases.

(2) After EMCT, the coating hardness and plastic
deformation resistance are enhanced. The wear
is reduced, and workpiece surface roughness is
reduced.

(3) EMCT promotes the migration of elements
between coatings, forms the diffusion gradient
layer of elements, and improves the adhesion of
coatings.

(4) EMCT with electric field intensity of 1.2V and
magnetic field intensity of 1.0 T can increase
tool life by 44% and optimize machining quality.
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