Volume 9, Issue 5, pp. 88-92, 2025.

International Journal of Scientific Engineering and Science
ISSN (Online): 2456-7361

Establishment of Material Removal Model in
Magnetic Polishing Process with Minimum Maxim
Combining 3D Nanocomposite Material
(M0S2/Fe304)@rGO+SIC

Le Dang Ha?!, Tran Ba Anh'”

'Hanoi University of Industry, 298 Cau Dien, Bac Tu Liem District, Ha Noi, Vietnam

Abstract— In this study, a material removal model for surface finishing (MR) using a small polishing head with a permanent magnet is
proposed. The small ball tip magnetorheological (MR) polishing process using a permanent magnet is applied in the machining of products with
complex contour impurities with small defects or convex surfaces with small curvature radii. In this process, the magnitude of the magnetic field
of the ball tip and the cutting application of the MR material act on the perfect surface, creating a shadow effect. This study presents and
simulates the research and experiment of the polishing tool design process combining the grinding solution (M0oS2/Fe304)@rGO+SiC to create
polishing action. In this study, a 3D nanocomposite (M0oS2/Fe304)@rGO with the ability to absorb the magnetic field generated by the moving
magnetic polishing head significantly was synthesized through the hydrothermal method and chemical cabinet finishing. The fusion of Fe304
from the calculation with rGO and MoS2 helps to optimize the parameters. In addition, to improve the polishing performance for this process,
Silicon Carbide material. Process design and implementation simulations were performed to evaluate the surface finish and material removal
performance. Simulation results and experimental data showed that high surface roughness was achieved without damaging or affecting the

surface. The underlying mechanism of the material removal process was also studied and discussed.

Keywords— MRF (Material Removal Finishing), MR.

l. INTRODUCTION

The new surface finishing process (Material Removal - MR)
using small polishing heads in the form of permanent magnets
belongs to the group of magnetic grinding and polishing
(Magnetic Finishing — MRF)[1]. These methods exploit
magnetic fields to control the abrasive grain or force applied
to the artistic surface. Unlike the work using grinding wheels
in polishing, it is not possible to achieve details with complex
contours or with radius of curvature. Small ball tip
magnetorheological polishing with permanent magnets is a
specialized polishing method[2, 3]. This head consists of a
hemispherical permanent magnet 4 mm in diameter and 5 mm
in length, connected by a stainless steel rod. This design
allows for the processing of miniature results with complex
three-dimensional surfaces. something that is difficult to
achieve with traditional machining methods . We know that
the importance of surface quality in machined components is
becoming increasingly essential[4].

In addition, the polishing solution used in this process also
plays an extremely important role. In this study, the
nanocomposite material we used is (MoS2/Fe304)@rGO
combined with SiC abrasive material. In this study,
nanocomposites (MoS2/Fe304)@rGO with multifunctional
structures were designed and synthesized based on their
components and  microstructures[5]. Their  magnetic
absorption performance and absorption mechanism were
studied to provide documentation for this process. A brief
analysis of the above nanocomposite materials shows that:
MoS2 is a layered (2D) semiconductor material with good
electromagnetic  and  magnetic  properties[6].  FesOa

http://ijses.com/
All rights reserved

(Magnetite) is a strong magnetic material (ferromagnetic),
which can be controlled by a magnetic polishing head to
enhance control of the machining process. In addition, rGO is
a material that increases durability as well as dispersion and
surface area. Next high hardness quality SiC master ball
material is applied in target polishing ball[7].

Next, a 3-flat tool is adopted in our study of polishing from
this feature. This machine consists of three linear motion axes,
a main shaft, a slot shaft and a polishing wheel shaft[8]. The
column and the polishing wheel are not in a three-axis linkage
structure. The X and Y axes are arranged in a superposition to
support the screw shaft and the illusion of performing
horizontal movement[9]. The Z pad is applied to control the
top gloss. The angle between the polishing wheel and the
horizontal glass is 45 degrees, which helps to minimize the
minimum when polishing unevenly shaped parts.

This directly affects the interaction of the material with the
environment as well as its durability and mechanical
properties. Upgrading the surface quality brings many benefits
such as reduced friction, increased service life and most
importantly improved product performance. This process uses
the interaction between the magnetic tip fields and the
magnetic abrasive grain to create a micro-ablation behavior on
the machined surface, effectively removing the excess area .
The efficiency of the MRF process depends on the rheological
response of the ball fluid when in continuous contact with the
field of the ball magnet . Static and process simulations
throughout the entire process are fully implemented to analyze
special materials and base surface finishes.
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Il.  PROCESS FOR CREATING M0S2, M0S2/FE304 AND
(MoS2/FE304)@RGO.

The steps for the preparation of MoS2 by the one-step
hydrothermal method are illustrated in Figure 1(a). The steps
for the preparation of flower-like MoS2/Fe304 powder and
(MoS2/Fe304)@RGO powder are shown in Figures 1(b) and
(9)[10].

Four standardized powder electromagnetic parameters
were measured by coaxial method. The minimum total
reflection was calculated based on the transmission line
reason. Black (MoS2/Fe304)@RGO powder was mixed with
paraffin in a mass ratio of 4:6 and pressed into a ring under 2.5
Mpa pressure.

This concentric ring has an inner diameter of 3 mm, an
outer diameter of 7.0 mm, and a scan height of 3 mm. The
detailed fabrication processes of MoS2, MoS2/Fe304, and
(MoS2/Fe304)@RGO are provided in the supplementary
material[11].
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Figure 1. Process of making MoS2, MoS2/Fe304 and (MoS2/Fe304)@RGO.

I1l.  MAGNETIC POLISHING METHOD USING BALL TOOL.

To finish the precision parts with complex complexities, a
polishing head made of NdFeB permanent magnet material
was used in the simulation process. The polishing head, with a
diameter of 4 mm, was precisely manufactured and mounted
on a screw tool to ensure the shape accuracy such as
concentricity and tight connection without breaking during
machining [12]. In the magnetic fields generated by the
polishing head, the magnetorheological fluid forms a flexible
polishing layer with high slow speed that adheres evenly to the
surface of the polishing head and is controlled by the high-
speed rotation of the polishing head. This creates a dynamic
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flow of the MR solution at the polishing distance, which helps
to apply dynamic application and cutting application to the test
surface to achieve material removal during the polishing
process. Figure 2 is a schematic diagram of the MRF polishing
head process[13].

MR Fluid Flow Region

Figure 2 : Schematic diagram of the publishing mechanism for the first
polishing part.

The polishing mechanism, process and material removal
method in this study are solved as follows. When the polishing
head is being safeguarded, the magnetorheological (MR)
waste is uniformly attracted to the entire area of the polishing
head due to the magnetic force of the permanent magnet. Its
displacement retardation increases abruptly, causing it to
change from the wild state to the semi - solid state [14]. When
the cutting response is larger than the running response, the
MR waste changes from the semi- solid state to the velocity
state. When the magnetorheological waste changes, the
abrasive particles impact on the surface at the fastest speed
under the action of the application and the cutting application,
causing the micro- material removal action. Theoretical
calculations indicate that the polishing hole is located directly
below the ball head [15]. In this study, we propose to create a
new method to establish the image MRR by using the limit
element simulation.

IV. MAGNETIC FIELD ANALYSIS OF PERMANENT MAGNET
POLISHING HEAD, IMPACT ZONE AND MATERIAL REMOVAL
ABILITY.

In order to generate and collect relatively accurate
simulation data for future practical experiments. The
simulation software we used is COMSOL Multiphysicals. In
the finite element simulation, we used a 1:1 scale model of the
designed polishing ball head and it is clearly illustrated in
Figure 3. The origin of the technical system is located at the
center of the active area on the surface of the material.
Illustration of the polishing on the surface in OXY basis . Its
size is 5 x 5 x 1.5 mm and the magnetorheological (MR)
emitter covers the surface evenly with a thickness of 1.5 mm .
The size of the air regions around the polishing area is set to
20 x 20 x 20 mm and the angle between the crankshaft of the
magnet ball head and the machined surface is 45 °. The
simulation parameters are the parameters that will be used for
future calculation[16]: the gap between the polishing head and
the surface is 0.5 mm and the rotational speed of the ball head
is simulated at 5,000 rpm.

89



Volume 9, Issue 5, pp. 88-92, 2025.

l 20mm \

Figure 3 : Schematic diagram of finite element simulation model and
engineering system .

4.1. Magnetic Analysis Of Permanent Male Polishing Head .

The magnetic field analysis of the polishing head gives us
the results illustrated in Figure 4. The static magnetic module
is used in COMSOL Multiphysical Analysis to analyze the
magnetic field around the polishing head. Since the polishing
head is a symmetrical mass rotating around its axis, we
simulate and analyze it in a simplified way by analyzing on a
cross-section passing through its axis. The element ownership
limit of the ball is set to magnetize vertically and downwards
towards the tool surface.

The redundant password is used to model the strong
response from the ball head, as shown in method (1)[17].

B= HoFree H -+ Br (1)

where o is the vacuum confirmation magnetization (H/m),
p_rec is the confirmation magnetization , H is the magnetic
field strength (A/m) and B_r is the residual magnetic flux
density (T).

Figure 4: Description of the polishing tool

Figure 5: Simulation, analysis of large urban areas and magnetic field lines.
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Through simulation we get the determined density fields
which are uniformly distributed throughout the polishing set
and more especially at the beginning and end of the maxim.
Furthermore, a stronger magnetic field significantly affects the
material removal properties of this technique. From figure 5
we get the larger speed from the largest information currently
used in this process and the progress is at 0.14-0.2T. Since the
magnet polishing top creates a magnetic field around it, the
polishing solution carries magnetic properties that align, direct
the magnetic field parameters and return.
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Figure 6 : 3D simulaii?)n image of the magnetic field generated by the maxim .

4.2. Divide The Areas of the Active Shadow Onto The Beauty
Surface.

Before applying the analysis to the polishing zone, it is
necessary to determine its boundaries. The polishing zone is
defined by the contact points between the polishing tool and
the surface, which create shapes similar to those of the
polishing tool. Based on the magnetic analysis presented in the
previous section, you can find that the polishing zone is
elliptical. However, during the polishing process, the polishing
fluid is compressed, resulting in deviations from the perfect
ellipse.

-5 0 5
X (pm)

Figure 7: Polishing lines on the surface.
Assuming the oranges in the compressed image follow a

two-dimensional Gaussian normal distribution, the general
model is given by:
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F(x,y) = AEXD(—(XZ_ oL (%) j
Oy Uy (3)
In there :
- A is the highest value of the distribution
(corresponding to the red region on the color scale).
- (Xo, Yo) is the center of the region.
- oy and o, times as the width distribution in the x and
y directions.
Total integral of the two-dimensional Gaussian distribution.
The integral of the function f(x, y) over the entire space is:
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Implement the properties of Gaussian analysis:
2
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Similarly, for y, we have:
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Typically, the orange zone falls within certain ranges, with
limits such as:

aA<L f(X,y)<A
To analyze these ranges, we need to calculate:
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™
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4.3. Material Removal Capability and Action .

In this study, a simulation model based on the interaction
between the polishing ball, the magnetic fluid and the
workpiece surface is proposed to generate the cutting
application. The cutting process application in the polishing
process includes chemical and mechanical applications.
According to Preston's material removal theory in glass
polishing, the detailed MRR model is convenient for the
application and the relative speed between the workpiece and
the polishing plate.

Polishing head

MR Fluid  ~—y '.---aT'
.
e

(e -

Workpiece

Polishing zone

Figure 8: 3D simulation polishing.
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We consider the material extracted from the variations under
the influence of school activities as a Bingham material, which
can be described by the method[17]:

nV +sign(v)z,, |z] > 7,
0,|2'| <7,
®

In which : 7 is the cutting application of Bingham material, is
%o the application that depends on the magnetic field

strength, o is the initial speed and Vs the cutting speed.

The cutting application is approximately symmetrical about
the center line and distributed according to a Gaussian curve,
in which the cutting application reaches its maximum value at
the position closest to the machined surface and zero
equilibrium at the end of the shadow combat zone.

Center Line |

Figure 9: Performance analysis during polishing.

According to theoretical analysis, the material removal
behavior in the polishing process using the first polishing
command also depends on the largest division in the cutting
application. Therefore, the Preston method is improved based
on the cutting application and set up for the material removal
simulation model as follows:

MRR = KzV (9)

In which: MRR is the material type ability, K is the Preston
coefficient including the effects of material parameters
affecting the interaction between the machined part and the
polishing, 7 is the application of high speed cutting from the
magnetic field and the polishing service creates the surface on
the technological equipment. V is a speed ball war.

Magnetochemical application is an application related to
the effect of magnetic fields on magnetic materials or
substances, which can change the intrinsic performance,
cutting application or rheological properties of the system. In
ball Magnetic, it plays an important role in the work of
Controlling the material removal process. The applied
magnetization is calculated as follows[18]:

pm:3a)ﬂO:ur(:uq_:ur)H2/2(/”q+2/ur) (10)

where is @the analyzable fraction of particles in the
rheological release agent (MR), o is the vacuum resolution

(H/m), Hr is the manganese release agent resolution (H/m),
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#a is the confirmed level of magnetic particles (H/m) and H is
the magnetic field strength (A/m).

V. CONCLUSION

Through the simulation process here, we have obtained the
following results: Establishing the material removal
mechanism in the polishing process using a magnetic ball head
as a 40 degree tilt angle between the polishing head and the
machined surface.

model by permanent magnet polishing abrasive grain
finish found significant potential in improving surface quality,
even for difficult-to-machine materials such as sapphire and
titanium. However, there are still many limitations in this
process such as the control of the head ball during the process
with increasing border complexity. In the future, we will study
to improve the process with more parameter settings such as
the tilt angle between the polishing axis and the machined
surface, the adjustment of the rotation speed as well as
additional settings on the properties of the magnetic fluid.

In upcoming studies, we intend to use the suggested model
for the surface finishing of other hard-to-machine materials,
such as titanium alloys, SUS 304 stainless steel, K9 optical
glass, YAG crystals, and various other challenging substances.
This will allow us to assess the cost-effectiveness and practical
outcomes of the model in a manufacturing setting to address
these machining challenges.
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