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Abstract. This study investigates the application of the magnetic abrasive polishing
process for paramagnetic workpieces. A magnetic disc, which comprises six magnetic coils
and is electri�ed with a three-phase AC current, is used to perform the experiments. In the
experimental setup, various parameters including rotational speed of abrasive pins, quantity
of abrasive pins, working gap, abrasive pins' dimensions, and process's time can be changed.
Changing the surface quality of these parameters is investigated. Two kinds of workpieces
with di�erent mechanical properties are examined. It is observed that both increasing
the rotational speed and using smaller pins improve the �nal surface quality; however,
the rotational speed has a sharper e�ect. There are optimum abrasive pins quantity and
working gap in which the best surface quality is obtained. The results are similar for the
both selected materials.

© 2019 Sharif University of Technology. All rights reserved.

1. Introduction

Surface �nish is one of the important stages in pro-
ducing a part that can a�ect its performance and
service life [1]. Magnetic Abrasive Finishing (MAF),
which uses magnetic �eld as the driving force for
surface �nishing, is a way to produce desirable surface
�nish without surface damage [2]. In this process,
a very small amount of material is separated by the
movement of magnetic abrasive tools relative to the
workpieces.

The MAF process was widely used to �nish cylin-
drical [3,4] and at workpieces [5-11]. The e�ectiveness
of this process was also investigated in deburring of
drilled holes located on planes [12].

MAF can be categorized with regard to the
magnetic �eld type [13] including permanent magnet,
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magnetic �eld produced by direct current, and mag-
netic �eld produced by alternating current.

Shinmura et al. [14] used Rotating Magnetic Field
(RMF) obtained by alternating current to �nish the
inside of cylindrical workpieces. In their study, three-
phase AC current was used to electrify three coils and
obtain RMF.

Based on the results of their experiments, while
material removal is increased in the case where RMF
is used, surface �nish is reduced as compared to
permanent magnetic �eld. They extended their work
using six coils installed on a circular part [15]. The
RMF was obtained by electrifying these coils via three-
phase AC current in this case, too. This process was
used to �nish the inside of stainless steel tube. In
particular, this process was suggested for �nishing of
bent tubes' inside.

Yamaguchi et al. [16] proposed a method for
controlling dynamic motion and applied force of the
�nishing tools. This process can be used to �nish
internal surface of products used in critical applications
such as high-pressure piping systems. However, in
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these research studies, the e�ects of each parameter on
the �nal product surface and optimum range of each
parameters have not been studied comprehensively.

In the current paper, an experimental setup is
designed and manufactured to investigate the e�ects
of machining parameters of MAF with magnetic �eld
produced by alternating current on the �nal products.
This paper also investigates the optimum range of
various process parameters.

2. Materials and methods

2.1. Provided experimental setup
The setup used for current experiments is shown in
Figure 1. The main part of the setup is a magnetic
disc, which comprises six magnetic coils. The coils are
arranged on a circle with 60 degrees of distance, as
shown in detail in Figure 2. RMF was obtained by
electrifying the coils with the three-phase AC current.

Figure 1. Details of designed experimental setup to
obtain RMF.

Figure 2. Magnetic disc assembly including magnetic
disc frame, coils' cores, and coils.

Figure 3. A view of the current experimental setup.

Figure 4. Path of the abrasive pins due to rotating
magnetic �eld.

The design of the coils was done to generate a magnetic
�eld intensity of 1.2 Tesla with voltage of 220 V.

A cylindrical part containing workpieces, pin-
shaped magnetic abrasive parts, and water is located
above the disc with a gap. Abrasive pins are made up
of AISI 420 stainless steel (C: 0.15%, Si: 1.00%, Mn:
1.00%, P: 0.04%, S: 0.03%, and Cr: 14.00%).

RMF moves abrasive parts, resulting in debarring
of the paramagnetic workpieces. Figure 3 shows the
current experimental setup. Figure 4 shows the path
of the abrasive pins due to the rotating magnetic
�eld.

2.2. Workpieces materials
To evaluate the performance of the process on param-
agnetic workpieces and investigate the e�ects of pro-
cess parameters, two materials with di�erent hardness
degrees, including brass and aluminum, were selected.
Mechanical properties of the mentioned materials are
provided in Table 1.

Table 1. Mechanical properties of the selected materials.

Material Yield stress
(MPa)

Ultimate tensile
stress (MPa)

AA-6061 145 240

C85800 205 380
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3. Results and discussion

In this section, e�ects of process parameters includ-
ing rotational speed of abrasive pins, abrasive pins'
dimensions, abrasive pins' quantity, gap between the
container and the coils, and deburring time on the �nal
surface quality are investigated. At �rst, rotational
speed of abrasive pins is investigated as a function
of the current frequency, and the feasible range of
rotational speeds is introduced.

3.1. Rotational speed of abrasive pins
Since AC current is used to produce a RMF in the
provided setup, the process can easily be controlled
by changing the current. Increasing current frequency
will increase rotational speed of the magnetic �eld;
however, this is not true all the time about the
movement of the abrasive parts. Increasing current
frequency also causes an increase in magnetic �eld
strength; therefore, abrasive pins are absorbed into the
container. It can be concluded that there is a current
frequency value such that increasing frequency more
than this limit will halt the process. On the other
hand, at very low frequency, magnetic �eld strength
is not su�cient to move abrasive pins.

Rotating speed of the magnetic �eld can be
obtained by the frequency and number of poles. For
two poles, the speed of the magnetic �eld is equal to
the frequency rate; therefore, for p poles, speed of the
magnetic �eld can be calculated as follows:

ns =
120 � f
p

; (1)

where ns is the speed of the magnetic �eld in RPM, p is
the magnetic poles number that is six here, and f rep-
resents current frequency in Hz. To compare predicted
rotating speed of the magnetic �eld and actual speed
of abrasive pins, abrasive pins' speed is measured by
a laser speed measurement in various frequency rates.
Figure 5 compares the speed of abrasives and magnetic
�eld with the current frequency.

Figure 5. Rotational speed of abrasive pins and magnetic
�eld versus current frequency.

As shown in Figure 5 in frequencies less than 5
Hz, abrasive pins are motionless due to the weakness
of the magnetic �eld. In frequencies more than 5 Hz,
increasing frequency increases the rotational speed of
abrasive pins. This rule is true until frequency reaches
54 Hz. At frequencies more than this value, abrasive
pin will be absorbed into the container and do not move
any longer. The maximum feasible frequency is 54 Hz,
which equals 1080 RPM based on Eq. (1).

3.2. The e�ect of abrasive pins' rotational
speed

As discussed in the previous section, in the range of
5 Hz to 54 Hz, increasing rotational speed of the mag-
netic �eld causes an increase in pins' speed. Figure 6
shows the e�ect of increasing frequency or consequently
pins' speed on the �nal surfaces quality. Values of
the other process parameters in these experiments are
listed in Table 2, and the only di�erence is the current
frequency. As is shown in this �gure, by increasing
frequency, Ra decreases for both of the materials;
however, this e�ect is slightly more noticeable for the
softer material (AA-6061). Averaged material removal
of the best surface quality (maximum frequency) is
listed in Table 3. However, in some researches, for low
rotational speeds, an inverse e�ect was observed [7]. In
this research, for rotational speeds close to the current
paper, similar trends were observed, and the causes
were explained.

Figure 6. The e�ect of increasing frequency or,
consequently, pins' speed on the product surface quality.

Table 2. Process's parameters for investigating the e�ect
of pins' rotational speed.

Parameter Value
Process time 35 min

Pins dimensions:
Diameter 0.1 mm
Length 1.5 mm
Total weight 50 gr

Gap between container and coils 1.5 mm
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Table 3. Averaged material removal for specimens.

Material Mass before
debarring (gr)

Mass after
debarring (gr)

Reduction of
mass

AA-6061 4.7296 4.7229 0.14%
C85800 0.5666 0.5602 1.13%

3.3. The e�ect of abrasive pins' dimensions
To investigate the e�ect of pins' dimensions on the
�nal surface quality, three di�erent pins were used in
the process. Examined pins' dimensions are listed in
Table 4. Figure 7 shows the achieved surface quality for
all the pins. Other circumstances of these experiments
are shown in Table 5. It can be concluded from Figure 6
that in the investigated range of pins' dimensions,
better surface quality can be obtained with smaller
pins for both materials. However, the e�ect of pins'
dimensions is lower than that of other parameters.
It has been reported that the increasing number of
cutting edges of the abrasives available in a smaller
area does not improve the surface �nish in plane MAF
process [17].

Averaged material removal for the optimum pins'
dimension is listed in Table 6.

3.4. The e�ect of abrasive pins' quantity
Figure 8 shows the e�ect of pins' quantity on product
surface quality. In this case, there is an optimum point
at which the best surface quality is obtained. The
excessive increase of pins' number leads to a stronger
contact between pins and reduces the contact between

Table 4. Examined pins' dimensions.

Experiment
number

Pins length
(mm)

Pins diameter
(mm)

1 1.5 0.1
2 2.7 0.5
3 5 1.2

Table 5. Process's parameters for investigating e�ect of
pins' dimensions.

Parameter Value

Process time 35 min
Gap between container and coils 1.5 mm

Current frequency 50 Hz

Figure 7. The e�ect of pins' dimensions on product
surface quality.

Figure 8. The e�ect of pins' quantity on product surface
quality.

pins and workpieces; consequently, e�ciency of the
process decreases. On the other hand, it is obvious
that reducing pins' number too much will reduce the
e�ectiveness of the process. As is explained by [7], as
the percentage weight of the abrasive increases, the
cutting edges available for cutting the peaks of the
surface texture multiply. This may improve the surface
�nish. In these experiments, parameters of the process
are the same as those reported in Table 5. Averaged
material removal for the optimum pins' quantity is
listed in Table 7.

Table 6. Averaged material removal for the optimum pins' dimension.

Material Mass before
debarring (gr)

Mass after
debarring (gr)

Reduction of
mass

AA-6061 4.7383 4.7317 0.14%

C85800 0.5673 0.5581 1.62%
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Table 7. Averaged material removal for the optimum pins' quantity.

Material Mass before
debarring (gr)

Mass after
debarring (gr)

Reduction of
mass

AA-6061 4.7251 4.7164 0.18%
C85800 0.5743 0.5706 0.64%

Figure 9. The e�ect of the gap between the container
and the coils on product surface quality.

3.5. The e�ect of gap between the container
and the coils

One of the parameters that a�ects the �nal surface
quality is the gap between the container and the
coils. This e�ect corresponds to the dependence of
the magnetic �eld strength on this gap. As can be
observed in Figure 9, the best surface quality can be
achieved by setting this gap as 1.6 mm. In distances
less than this value, the intensity of the magnetic �eld
causes pins to attach to the container; consequently,
their rotational speed will reduce. As discussed in
Section 3.2, reducing pins' rotational speed will result
in a low surface quality. In distances more than 1.6 mm,
pins' speed is reduced due to the weakness of the
magnetic �eld and its gradient. Values of the other
process parameters in these experiments are the same
as the data in Table 5. Averaged material removal for
the best surface quality in these experiments is listed
in Table 8.

3.6. The e�ect of deburring time
As expected, as the process continues for a longer time,
the resulted surface quality is more desirable. How-
ever, under the current circumstances, increasing the
deburring time more than 35 min leads to no signi�cant
changes in the results, as observed in Figure 10.

It is in contrast with results of Mulik and

Figure 10. The e�ect of deburring time on product
surface quality.

Pandey [7] such that after a de�nite �nishing time,
surface roughness starts increasing. This is because in
their research, SiC grains, which are very hard, friable,
and brittle, were used. SiC particles were fractured,
and many sharp cutting edges were formed. However,
in the current work, the shape of abrasive points does
not change during the process.

Figure 11 compares the initial workpieces and the
deburred ones with the best obtained surface quality.
As it can be seen from this �gure, while the burs
in the �nal parts are omitted, the geometry remains
unchanged.

By comparing Figures 6-10, it can be concluded
that the abrasive pins' speed, which directly depends
on the current frequency, has slightly stronger e�ect on
the surface �nish.

4. Conclusions

This study investigated deburring and polishing of
paramagnetic workpieces by ferromagnetic abrasive
parts, which were moved by a magnetic �eld. The
results showed signi�cant improvement in the surface
quality without changing the workpiece's geometry.
Investigation of the e�ects of various parameters on
the process showed that:

Table 8. Averaged material removal for the optimum gap.

Material Mass before
debarring (gr)

Mass after
debarring (gr)

Reduction of
mass

AA-6061 4.7437 4.7332 2.2%
C85800 0.5793 0.5738 0.94%
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Figure 11. A view of the initial and deburred workpieces:
(a) Initial Al workpiece, (b) deburred Al workpiece, (c)
initial brass workpiece, and (d) deburred brass workpiece.

� Increasing the rotational speed improved the �nal
surface quality;

� Abrasive pins' dimensions had signi�cant e�ect on
the �nal surface; in the current case, smaller pins
resulted in better surface quality;

� There was an optimum abrasive pins quantity in
which the best surface quality was obtained;

� There was also an optimum gap between the work-
pieces' container and the magnetic coils;

� The results of trends of the selected materials were
similar; however, the softer material showed more
sensitivity in some cases.
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