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ABSTRACT
The use of magnetic field in the control of manufacturing processes has become prime interest in the last few decades. In
magneto rheological abrasive flow finishing process, magnetic force plays a significant role in finishing the surface of
work pieces. In the present work, experimental study was carried to investigate the working ranges and to determine the
effect of process parameters on the surface of mild steel material. Four independent parameters were studied such as
time, voltage, current and rotating speed of tool along with two different abrasive powders on the performance measures
like surface roughness in the process. A rotating coil electromagnet was designed and implemented to use with plane
surfaces.

So, in order to establish the process, the experimental set up was developed on which various trials have been
conducted by considering the various shape of the tools and electromagnets  also varying the A.C. supply for assessing
the performance of MRAFF process. The measurement of the final surface roughness was taken with the help of contact
type Model- Surtornic-25, Taylor Hobson make Mechanical Profiler. It was observed that the surface roughness
decreases with increasing the percentage of polishing abrasives up to certain limit thereafter it starts decreasing. The
relative increase depends upon the amount and type of abrasives used. Hence the improvement in surface roughness is
considered as an outcome of the process.
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INTRODUCTION
Accompanying the development of mechanical industry, the demands for materials having high hardness,
toughness and impact resistance are essential for light duty application. Finishing industry has made
exponential growth in its finishing capabilities in last decade but still finishing tools are not utilized at their
full potential [1]. This limitation is a result of the failure to run the finishing tools at their optimum operating
conditions. The problem of arriving at the optimum levels of the operating parameters has attracted the
attention of the researchers and practicing engineers for a very long time. This has led to tremendous research
in nano finishing and development in technology.
Developments in advanced finishing processes in the past few decades have decreased the limitation of tool
hardness requirement i.e. in EDM, ECM, AJM etc. Predefined relative motion of the cutting tool with respect
to the workpiece surface is a major problem while finishing the complex shaped components [2, 3]. Many
advanced finishing processes have been developed to cope up these problems. Magnetorheological fluid
assisted finishing processes are one such important finishing process, which has major flexibility towards
process control and can be finished the components with close tolerances and without damaging surface
topography and integrity of work pieces [4]. Many researchers have developed new finishing processes by
using magnetorheological fluid to externally controlling the finishing forces on abrasive particles. Sunil Jha
et al [5] developed magnetorheological abrasive flow finishing (MRAFF) process for finishing hard materials
and intricate shape that would be difficult to be finished using conventional finishing methods. Experiment
was conducted on non magnetized material stainless steel subjected to the different magnetic field strength to
see its effect on final surface roughness. It was observed that no measurable changes seen on surface finishing
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at zero magnetic fields. But, with the same number of cycles the roughness reduces gradually with the
increase of magnetic field.Wook-Bae Kim et al [6] proposed a surface-finishing method for three dimensional
microchannel structures using magnetorheological fluid mixed with abrasives as a polishing tool. Author used
a permanent magnet in place of electromagnet to control the magnetic field for the simplicity of finishing
device. Cerium oxide, one of the most efficient abrasives for polishing the silicon material was found. It was
also found that polishing time and rotational speed of magnet increased and the gap between the magnet and
the specimen decreased, the material removal was increased substantially with surface roughness.Sunil Jha et
al, [7] evaluated the rheological properties of magnetorheological polishing fluid for seeing the effect of
particle sizes on surface roughness. It was noticed that equal diameter of abrasive particles and CIP, the best
combination whereas least improvement observed in the combination of smaller size of CIP and bigger size of
abrasives. This occurs due to the smaller size CIP are incapable of providing the necessary finishing forces for
bigger abrasive particles, which results in weak bonding.Sunil Jha et al [8] developed the model for finishing
internal geometries of hard materials, to find correlation of carbonyl iron particles along with abrasive
particles, to study CIP chain structure and find surface roughness value. They considered different parameters
such as magnetic field strength, fluid composition, and the effect of magnetic forces on iron particles. It was
found that the size of Carbonyl Iron Particle (CIP) in comparison with abrasive size is an important factor
affecting final surface roughness.Sunil Jha et al [9] analyzed the effectiveness of extrusion pressure and
number of finishing cycles on change in surface roughness of stainless steel grounded workpieces using
magnetorheological abrasive flow finishing process. It was observed that the actual finishing takes place only
after the removal of loosely held ploughed material from the grinded surfaces. After removing this particles
then the surface finishness starts increasing with the further increase in the number of cycles with limited
abrasive grain size and extrusion pressure.Shai N. Shafrir et al [10] studied different five WC-Ni composites
including one binderless material processed by micro grinding and nanoposlihing using magnetorheological
fluid. These results suggested that the effect of the initial surface roughness from grinding with rough,
medium or fine tools on the MRF spot for materials plays a significant role in final finishing
operation.Jongwon Seok et al [11] proposed a new machining process for curved surfaces on silicon based
micro structures using magnetorheological finishing and observed the effect of magnetic field around tool
assembly on finished surface profile. K. shimada et. Al [12] described the application of magnetic compound
fluid float polishing technique using α cellulose. The effects of the MCF polishing process depends on the
various magnet shapes of the polishing tool, magnetic field strength, concentration of α cellulose and the
motion of the specimen. This process was found suitable for polishing the inner surface, wide flat surface,
rough initial surface, three dimensional complex shapes also for integrated circuit substrate.

Manas Das et al [13] proposed the mathematical model for the magnetic forces acting on SiC abrasive
particles during finishing process. It has been observed that the surface roughness increases with the increase
in number of cycles. Also, with the increase in current, magnetic field also increases forming strong  chains of
CIP around the abrasive particles due to which increasing the bonding strength of abrasive particles hence
there is a lesser chance of rotation of the abrasive particles. Manas Das, et al [14] investigated the medium
flow through the fixture by finite difference method by assuming the medium as Bingham plastic to evaluate
the stresses developed during the process. They have designed and fabricated a capillary viscometer to study
the effect of magnetic field on the rheological properties of the fluid. It was concluded from the experimental
results that the viscosity and yield stress of the fluid increases with an increase in the magnetic field applied
across the fixture.Dong woo Kim et al [15] determined the optimum polishing conditions in MEMS
applications using prepared slurries by changing the process parameters, such as wheel rotating speed and
electric current. It was found that the material removal rate increases with increased wheel speed and current.
However, the rate of increase decelerated when the values exceeded up to certain levels owing to chain
structure breakage between the MR particles, and slipping between the wheel and MR fluids by excessive
shear stress. Sunil Jha, et al [16] evaluated the magneto rheological abrasive flow finishing process for
finishing of complex geometries of hard material. It was concluded that the qualitatively the best surface
finish is achieved when CIPs size and abrasive particles size are almost the same. In particular, the
determination of magnetic-field-induced yield stress and dynamic viscosity is important to study the flow



970 Vilas S. Kanthale, Dr. D.W. Pande

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

behaviour and bonding strength imparted to abrasive particles by CIP chains during finishing. Manas Das et al
[17] investigated the effects of different hardness of material such as Stainless steel, Brass and En-8 on change
in surface roughness Ra and change in material removal at different speed of the magnet. They analyzed the
results using ANOVA technique for these three materials for change in surface roughness. It was seen from
SEM analysis that the cutting marks of abrasives on the surface of stainless steel and brass material like
honing operation using rotational magnetorheological abrasive flow finishing process. Also, it was concluded
that this process was less efficient for finishing the magnetic workpieces such as EN-8. A. Sadiq et al [18]
presented the new magnetorheological abrasive honing method for polishing   non magnetic surfaces such as
stainless steel using MR fluid and combined rotary and reciprocating motions to the specimen holder with
changing the magnetic field.  It was found that the presence of magnetic material influences the magnetic
field; as a result the finishing medium was attracted towards the holder. Hence the relative movement of the
abrasives in the medium with respect to the workpiece is considerably reduced as a result of which the change
in roughness was not significant, even though the magnetic flux density increased.

Qiusheng Yan et al [19] carried out experiments using planarization polishing technique based on the cluster
magnetorheological effect for polishing optical glass. It was concluded that the ultra smooth surface roughness
can be obtained with the descending order of abrasives CeO2, Al2O3 and SiC. Wan Li Song et al [20]
evaluated the finishing performance of MR fluid on the steel specimen using a pin on disc mechanism. The
results showed that MR fluid with high concentration was capable of achieving a better surface finishness than
the low concentration. Also, the removal rate and surface roughness was proportional to normal load and
rotating speed of disc. Manas Das et al [21] has summarized the finishing capability of rotational
magnetorheological abrasive flow finishing process and characterized using atomic force micrographs,
scanning electron micrographs, and surface roughness profile. It was concluded that the R-MRAFF process
performance was better than the MRAFF with respect to minimum surface roughness and higher material
removal rate but the cutting marks of abrasives was generated on the surface finished by R-MRAFF process.
Ajay Sidpara,et al [22,23,24,25,26] has analyzed the forces acting on crystal silicon based specimen & also
predicted the effect of process parameters such as concentration of magnetic particles and abrasive particles,
carrier fluid, wheel speed, and initial surface roughness on the final surface roughness  and material removal
rate using magnetorheological fluid. They summarized that normal and tangential forces increase with
increasing CIPs concentration; however they decrease with increasing working gap and abrasive particles
concentration beyond certain limit. Anant Kumar Singh et al [27] designed and developed a nanofinishing
process using ball end MR finishing tool which were used for finishing of flat as well as 3D surfaces of
ferromagnetic and non ferromagnetic work pieces. It was found that the variation in magnetic normal forces
can be minimized by providing a tilting motion to MR finishing tool in order to get better surface finishness.

Vilas S. Kanthale, et al [28] assessed the various shape of flask such as cylindrical, rectangular and spherical
and also verified the different shape of rotating tools on the surface of MS specimen by using MR fluid.  It is
concluded that the rectangular shape of flask as well as cylindrical shape of rotating tool was found suitable
for achieving the better surface finishness on the mild steel specimen. It was also observed that the removal
rate increases with increased percentage of polishing abrasives. The relative increase depends upon the
amount and type of abrasives used.

Many researchers have carried out work on the finishing process for achieving the better surface finishness on
the surface of work pieces with different hardness. But, it needs more efforts towards finishing process by
considering the advantages of different finishing process. To produce better surface finish, it requires more
research work contribution to modify the existing process. To improve the quality surface, the present study
discusses the role of key parameters of MRAFF process in terms of minimum surface roughness value. The
experiments have been conducted to establish the process performance using variable A.C. supply with
different parameters towards the development of process. Keeping these aims in mind, attempt has been made
to work in this area.

The main aim of this work is to prepare MR fluid for investigating the working ranges and levels of process
parameters also to assess the effects of various process parameters like time, voltage, rotating speed of tool
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with two non magnetized Al2O3 and SiC abrasive powder on the performance measures like surface roughness
in the process by using variable A.C. supply for assessing the performance of MRAFF process.

2.  PREPARATION OF MR FLUID
Typical Magnet rheological fluids are the suspensions of micron sized, magnetic particles such as iron, iron
oxide, iron nitride, iron carbide carbonyl iron, chromium dioxide, low carbon steel, silicon steel, nickel, cobalt
having the particles range from 3 to 5 microns and non magnetic particles such as cerium oxide, aluminum
oxide and silicon carbide added into the carrier fluid such as mineral oil, synthetic oil, water or ethylene
glycol [29]. The magnetized particles aligned in the direction of applied magnetic field embedded the abrasive
particles in this chain. These particles were responsible for removing the material from the surface of
workpieces.  For experimentation, iron filings (15-30 % by volume) were added in to the non magnetized
abrasive particles such as aluminum oxide and silicon carbide powder (15-30 % by volume). These
magnetized and non magnetized particles were dispersed with servo 2T motor oil whose volume was taken
50-60% by volume then this fluid were stirred and poured in to the experimental flask for performing the
experimentation. The selection of the carrier fluid determines temperature ranges in which the MR fluid can
be used.

The physical properties of aluminum oxide Powder are high hardness, low density, high wear and corrosion
resistance, low thermal expansion, high strength and excellent size and shape capability. Also, Silicon Carbide
physical properties are high hardness, low porosity, good wear and corrosion resistance, high thermal
conductivity and superior chemical inertness. Servo 2T oil has been selected due to its high viscosity, which
was required during the experimentation. The prepared MR fluid is shown in the fig. 1a without application of
magnetic field whereas fig. 1b shows the MR fluid after applying the magnetic field.

Fig. 1 (a) MR Fluid without Magnetic field Fig. 1(b) MR Fluid after magnetic field

3. EXPERIMENTAL DETAILS
3.1 Work Piece Material
In the present work, mild steel was used as the work material. Initially this material was received in the form
of flat bar in rectangular shape. This bar was cut in to desired shape. The dimensions of the specimens were
selected 52mmX48mmX9.5mm as per the size of the flask in which specimen was to be immersed for
processing. The working gap and size of specimens are taken into consideration, while designing the
experimental set up.  In order to study the outcomes and performance of MRAFF process, initially these work
pieces were filed to remove the outer coating.

3.2 Polishing Tool
A polishing tool was designed and fabricated for the experimental tests. The tool consists of a shank which
must be firmly gripped in the tool holder of the drilling machine. At the end of tool, the larger diameter was
kept for getting the maximum polished surface area. Before finalizing this tool, various shapes of tool were
investigated such as spherical joint of mirror rod, circular disk welded to cylindrical rod and rectangular plate
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welded to the cylindrical rod. After veryfing the performance of each shape of tool it was found that the
turned finishing tool performance better than the other shape of tool for achieving better surface finishness.
Fig. 2 shows the turned finishing tool of stainless steel material for polishing the specimens of mild steel.

Fig. 2 Turned finishing tool
In order to overcome the problems due to misalignment of axes, the tool was machined on lathe machine.
Turning and facing operations were performed to obtain the tool as shown in the above fig. 2. Its main
advantages are wobbly motions eliminated as well as MR fluid entrapped between tool and work piece is
more than previously used tools so, the quality of work piece finish was better.

3.3 Machining Process
The machining is carried out in a pillar drilling machine of Standard Machine Tools Ltd. An experimental set
up was designed and fabricated as shown in fig. 3. It consisted of circular shaped flask around which a copper
coil was wounded for developing the electromagnet. It consists of two poles that are surrounded by coils
arranged in such a manner as to provide the maximum magnetic field around the entire surface of the
workpiece. In this flask, initially prepared MR fluid is poured and then specimen immersed at the centre of
this flask. This flask was placed on the table of drilling machine and it is firmly clamped with the help of vice.
The main elements of set up are variable A.C. supply, rheostat and ammeter to measure the current, which is
to be supplied to the electromagnet. The finishing tool is firmly clamped in the drill chuck for polishing the
surface of specimens. Magnetic field was applied to the fluid by electromagnet. The strength of magnetic field
is varied for experimentation with the help of variable A.C. supply instead of D.C. supply. The main aim was
to use A.C. supply for assessing the performance of MRAFF process. In this experiment the electromagnet
plays an important role in finishing the workpieces. The objective of the design is to give rotational motion to
the abrasive particles over the surface of workpieces. The specimen was hold inside the flask around which
winding done.

Fig. 3 Photograph of MRAFF setup: (1) column of drilling machine, (2) Electromagnet, (3) Ammeter, (4)
Rheostat, (5) Dimmer Stat for varying A.C. Voltage.
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3.4 Electromagnets
Experimentation was carried out using three shape of flask around which copper coil was wounded. Initially,
shape of electromagnet was selected as a spherical flask of melamine material with thickness 4 mm and height
100 mm as shown in fig. 4. To this flask, a copper coil of gauge 29 and 700 grams by weight were wounded
around it manually. However, it was observed that, the magnetic field generated during the experimentation
was insufficient to change the property of fluid from Newtonian fluid to the viscous fluid which is required for
finishing the surfaces of workpiece. To obtain the desired magnetic field, more copper windings were done on
the flask by manually. But, it was noticed that the strength of magnetic field was increased but, excessive heat
was generated. This problem occurs due to non-uniform windings on the flask. As a result, it was decided to
do the copper windings with the help of a winding machine on a different flask. It was also notices that for
increasing the strength of magnetic field then the diameter of the copper coil has to be increased by decreasing
the number of turns of coil.

Fig. 4 Spherical melamine flask
A cylindrical plastic flask was chosen instead of a spherical melamine flask for fabricating the new
electromagnet as shown in fig.5. The plastic flask was selected over a melamine flask as it doesn’t become hot
despite of supplying the voltage of 220V. On this flask, copper coils of gauge 27 and 1kg by weight were
wound with the help of a winding machine. After performing some trials then it was observed that the surface
finish was not significantly occurred. To overcome this problem, additional 1 kg copper windings were added
with the help of a winding machine. But, it is observed that no major changes seen in the final surface
roughness value. Then, it was decided to use new flask for fabricating the new electromagnet. Third flask was
selected as a cylindrical melamine flask with minimum thickness 1.5 mm and height 200 mm to overcome the
disadvantages of previously used melamine flask as shown in fig.6.  On this flask, copper coils of gauge 27
and 2kg by weight were wound with the help of a winding machine. It was observed that, the magnetic field
was generated very high as compared to initial flask.  The surface finish in this case was also superior in
comparison with the previous cases.

Fig.5 Cylindrical plastic flask Fig. 6 Cylindrical Melamine flask

4.  Experimental Conditions
In this work, experimental parameters such as rotational tool speed, voltage supplied to the electromagnet,
time required for processing the specimens and ration of iron to abrasive particles were considered. Several
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variables were put under close control including the machine on which finishing operation was performed.
The same machine was used for all experimental work. The surface roughness data were collected randomly
for different levels of parameters without executing the design of experimentation in order to see the effects of
all these parameters as well as performance of machine on finished surface. The finishing characteristics of
magnetic abrasive particles of aluminum oxide and silicon carbide were analyzed by measuring the surface
roughness, which was measured at four different location before and after finishing using  telesurf surface
roughness tester (Taylor Hobson of Surtornic-25 Model) having a least count of 0.001um and cut off length
0.8mm and then averaged as shown in fig.7

Fig.7. Measuring the value of Ra using surface roughness tester (Taylor Hobson S-25)

5. Results and Discussions
To establish the feasibility of this process, experiments were conducted on 27 mild steel specimens by
selecting the different process parameters based on the literature review and some of the process influence
parameters are discussed below.

1) Influence of Processing Time:
The finishing performance on the surface roughness depends on the time duration of the process. The readings
of surface roughness value for various processing times are shown in the Table. 2

Table 2. Effect of processing time

Sr.No Speed
(rpm)

Voltage
(volts)

Time
(min)

Fluid concentration (%
by volume)

Ratio
(CIP/
abrasives)

Roughness
value (µm)

oil IP SiC Al2O3

1 1625 220 15 14 8 8 --- 1 1.12

2 1625 220 20 14 8 8 --- 1 1.09

3 1625 220 25 14 8 8 --- 1 1.08

4 1625 220 30 14 8 8 ---- 1 1.06

Fig. 8: Graph showing the influence of processing time on improvement of surface finish.
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The effect of individual process parameter was studied from the experimental data. The response curve for
variation in surface roughness value with time was plotted as shown in fig.8. Initially, the experiment was
performed for 2 minutes; the change in surface roughness was minimal. But, as the value obtained was not
satisfactory hence the process time was increased gradually for subsequent workpieces. It was observed that
as the process time was increased while the surface roughness value gradually decreases.

2) Influence of Rotational tool speed:
During the experiment of MRAFF process, the rotational speed of tool was varied by changing the motor
speed of drilling machine. The motor speed of the pillar drilling machine was changed by changing the belt
pulley arrangement. This in turn changes the spindle speed ultimately tool speed. The readings obtained for
various rotational speed of the tool are shown in the Table.3.

Table 3. Effect of Rotational tool speed

Sr.No. Speed
(rpm)

Voltage
(volts)

Time
(min)

Fluid concentration (% by
volume)

Ratio (CIP/
abrasives)

Roughness
value (µm)

oil IP SiC Al2O3

1 525 200 15 10 5 - 5 1 1.24

2 525 200 15 10 5 - 5 1 1.20

3 951 200 15 25 10 - 10 1 1.01

4 1625 200 15 14 8 - 8 1 1.15

Fig. 9: Graph showing the influence of speed on improvement of surface finish.
The effect of individual process parameter was studied from the experimental data. The response curve for
variation in surface roughness value with rotation speed of tool was plotted from experimental data as shown
in fig. 9.  It was observed that at low speed of tool, the change in surface roughness wasn’t significant. Hence,
the speed was increased by changing the gear ratio for the subsequent workpiece. It was observed that at the
speed of 951 rpm, the roughness value obtained was most ideal.

3) Influence of voltage:
Table.3. illustrates the influence of voltage change on the surface roughness with duration of processing of 5
minutes. fig.10 shows the effect of voltage on surface finish. From the results, it can be noticed that the
increase in voltage increased the improvement in surface finish this could be due to the strong chain formed at
the surface of contact between surface of specimen and tool. The movement of the abrasives is restricted in
the machining zone as a result more material removed from the workpiece takes place.
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Table.3 Effect of voltage

Sr.
No

Speed
(rpm)

Voltage
(volts)

Time
(min)

Fluid concentration (% by
volume)

Ratio (CIP/
abrasives)

Roughness
value (µm)

oil CIP SiC Al2O3

1 525 180 5 10 5 - 5 1 1.25

2 525 190 5 10 5 - 5 1 1.24

4 525 200 5 10 5 - 5 1 1.23

8 525 220 5 10 5 - 5 1 1.20

Fig. 10: Graph showing the influence of voltage on improvement of surface finish.

With the increase in the magnetic field, the strength of the MR fluid ribbon increases. This result in increased
rate of material removal and the no. of cycles required for the process reduces. The magnetic flux can be
varied easily by changing the current passing through the coil. The magnetic flux in the coil was varied by
changing the voltage input through the dimmer stat. The experiment was conducted at various voltages in the
range of 180V to 220V.

4) Influence of voltage:
Fig. 11 illustrates the effect of ratio of magnetic particles to abrasive particles on work surface finish. The
ratio considered for the experimentation was 0.88, 1, 1.16 and 1.4 and the machining duration was 20 minutes.
It can be seen that the maximum amount of Al2O3 abrasive particles in the MR fluid minimizes the surface
roughness value. Similar trend was noticed for silicon carbide also.

Fig. 11: Graph showing the influence of ratio of iron powder to abrasive powder on improvement of
surface finish.
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CONCLUSION:
From the above experimentations and observations, the conclusions of this work are as follows.
1. For MRAFF process, it is preferable to use non-ferrous tools as it absorbs more magnetic field required

to form the iron metal powder chains.
2. This research work showed the feasibility of using Al2O3 based abrasive particles than SiC powder for

mild steel workpieces and understood feasibility of the mechanism for performing the finishing
operation.

3. Tools made from multiple parts should not be deployed as its results in poor surface finish due to
cumulative inaccuracies in the assembly of the parts. MRAFF can be used to finish ferrous materials
using a stagnant fluid bath.

4. These studies also indicated the need to consider the workpiece initial roughness, for achieving an
improved finish on the work surface.

In addition to the present work, further work can be done in following directions:

The effects of changes in hardness of workpieces on the surface roughness with varying properties of MR
fluid can be investigated and analyzed. Also, study can be conducted further for determining the optimum
ranges of various parameters to find higher improvement in surface finish.
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