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Abstract—This paper presents Magnetic Abrasive
Finishing (MAF) process. In the present work, an attempt
is made to minimize surface irregularities by suitable
combinations of various controlling parameters, for
recently reported Magnetic Abrasive Finishing Process.
The experimentation is done on turned M.S. rods having
initial average surface roughness using the Abrasive
powder of aluminum oxide and iron combination
prepared by sintering. One of the Taugchi's Designs of
experiments' method is used for planning of experiments.
In spite of maintaining uniform turning conditions, it can
be concluded that   initial roughness of average of
specimen was found to be varying which also invite post
turning operations like polishing /MAF to maintain close
tolerances as regards surface roughness. In MAF
percentage surface improvement of material is found to be
increasing with respect to time and reaches optimum
value. Further finishing results in detoriation of surface
roughness. However, when concentration of iron particles
is predominant the finishing time is reduced. From the
result obtained it is observed that increase in flux density
and increase in abrasive particle content is found to be
useful in surface finish improvement, but increase in
speed rpm of work piece and gap between poles is found
to be detrimental. The process is best suited for obtaining
uniform surface finish. Also MAF provides reproducible
results which are found to be predictable. By performing
the Regression analysis and ANOVA for results it is found
that abrasive powder ratio, flux density and speed of work
piece are having predominant effect on rate of surface
roughness improvement. From the results it is observed
that improvement in surface finish is easily obtained with
MAF and the parameters abrasive powder ratio, gap,
magnetic flux and RPM of work piece does have
predominant effect on surface finish. However when iron
particles concentration is doubled, the percentage
improvement finishing is found to be less. From the
results it is observed that the Hardness is not affected by
any abrasive ratio or different operating parameters, it
remains unchanged.

Key words: Magnetic Abrasive Finishing (MAF),
Magnetic Abrasive Flow Machining (MAFM), Magnetic
Float polishing (MFP), Magneto Rhelogical Abrasive
Finishing (MRAF), Elastic Emission Machining (EEM),
Magnetic Abrasive Finishing (MAF) and Ion Beam
Machining (IBM), Abrasive Flow Machining (AFM),
Analysis of Variance (ANOVA).

I. INTRODUCTION
As the name of this group of abrasive operations
suggests, their objective is to achieve superior
surface finish up to mirror-like finishing and very
close dimensional precision. The finishing
operations are assigned as the last operations in the
single part production cycle usually after the
conventional or abrasive machining operations, but
also after net shape processes such as powder
metallurgy, cold flash less forging, etc.

The first mention of a magneto-abrasive machining
procedure is connected to the name of the Russian
scientist Karol, who in 1938 proposed the use of an
alternating magnetic field for finishing the interior
surfaces of pipes, by means of magnetic abrasive
powders. Further major contributions acknowledged
in literature of M. Baron, E.G. Konovalov, L.M.
Kozuro in Russia, Al. Makedonski in Bulgaria
[1].After this an extensive research has been done by
K. Kato, Nakagawa, Taakeo Shinmura, Koya
Takazawa, and Eiji Hatano in Japan in Japan.  Mean-
while magnetic abrasive finishing for dynamically
balanced work pieces has reached production stage
in Japan.

With the demand of stringent technological and
functional requirements of the parts from micro- to
nano-meter range, evolution of ultra precision
finishing processes became obvious need of the
manufacturing scientists and engineers [1]. The



1224 Shahaji Deshmukh

International Journal of Engineering Technology Science and Research
IJETSR

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

March 2018

traditional finishing processes of this category have
various limitations, for example complex shapes,
miniature sizes, and 3-D parts can not be processed,
finished economically and rapidly [7]. This led to the
development of advanced finishing techniques. In
these processes, abrasion of the workpiece takes
place in a controlled fashion such that the depth of
penetration in the workpiece is a fraction of
micrometer so that the final finish approaches
towards the nano range.

A paper “Advanced Fine Finishing Processes” [1]
V.K. Jain have discussed the importance of ultra fine
finishing processes using abrasive as cutting tool,
and their capabilities to achieve nanometer order
surface finish is discussed. Working principle of
seven such advanced finishing processes, viz. AFM,
MAFM, MAP, MFP, MRAM, EEM and IBM have
been explained in brief. It has been observed that the
precise control of forces on abrasive particles using
non-traditional methods discussed in this paper,
proved useful in performing ultra precision finishing.
Fine finishing of brittle materials like ceramics,
glasses, and semiconductor wafers can be easily
done in nanometer range. The exact mechanics of
abrasive interaction with the workpiece surface in
most of these processes is still subject of in-depth
research, and need involvement of multidisciplinary
sciences.

In an exclusive paper entitled ‘Magnetic
Abrasive Finishing – A Modern Machining Process’
the authors Ch. Suresh Kumar, Dr. S.B. Sharma &
Dr. S.R. Kajale, described the machining by MAF
and its effect on surface roughness. For
experimentation, two combinations of abrasive
powders are used with various operating conditions.
Analysis was carried out by using L18 orthogonal
array. In an exclusive paper entitled ‘Effect of
Lubrication on Surface Finish and Surface Hardness
of Burnished Component’ by the authors U M
Shirsat, Dr B B Ahuja, describes an experimental
study of lubrication on surface finish and surface
hardness of brass specimen using the combined
turning and two-ball burnishing process. For this
analysis, three burnishing parameters were
considered, namely, burnishing force, speed and feed
while other parameters were kept constant. Surface
finish has significant effect on properties of the
component like fatigue strength, corrosive resistance,

wear resistance and surface hardness. The analysis
of this work was based on the factorial design (23)
and experimentation was carried out on Kirloskar
Turn Master-40 lathe. SAE-30 base oil has
significant effect on the surface finish as compared
with kerosene, 5% and 10% graphite by weight in
SAE-30 oil as a lubricant. A pre-machined surface
roughness of 0.78 mm. 0.95 mm could be finished to
about 0.121 mm and improved surface hardness was
obtained.

In an exclusive paper entitled
“Characterization of the Magnetic Abrasive
Finishing Method and Its Application to Deburring”
Y. M. Baron, etal, described the effectiveness of
using Magnetic Abrasive Finishing (MAF) to
remove burrs on drilled holes located on planes.
Basic elements of the equipment in this method are a
magnetic inductor; powder with magnetic and
abrasive properties, which serve as the cutting tool;
and the face electromagnetic inductor and the
vibrating table, which were developed for deburring
and finishing on flat surfaces. The performance of
magnetic abrasive powders produced by industry is
also evaluated. A new technique was developed to
compare the performance of the magnetic abrasive
powders and to find the powder that is appropriate
for finishing and deburring drilled holes placed on a
plane steel surface.In the paper, ‘Experimental
Verification of Deburring by Magnetic Abrasive
Finishing Method’ by the authors Yuri M. Baron
Sung Lim Ko, Elena Repnikova described The
conditions and results of research of deburring as
applied to large areas using MAF method and
designed face magnetic inductor are described in this
paper. Steel and aluminum samples were finished.
Burrs are formed in drilling. The problems
connected with burr removal after drilling are stated.
The result of experiment allows considering MAF
process as perspective for burr removal in surfaces
with numerous holes, grooves and other elements
with burrs.

In another paper, ‘Magnetic Field Assisted
Finishing of Ceramics—Part on the Thermal Aspects
of Magnetic Abrasive Finishing (MAF) of Ceramic
Rollers’ by the authors Zhen-Bing Hou, R.
Komanduri considered conditions during finishing of
advanced ceramics by magnetic abrasive finishing
(MAF) processes are found to be, by and large,
transient. Since chemo-mechanical action between
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the abrasive the work material the environment
depends on both the thermodynamics and kinetics of
the process, it is important to determine the flash
temperatures as well as flash times during polishing.

Thermodynamic considerations (not covered
in this paper) indicate that even the minimum flash
temperatures generated under the conditions of
lower pressure, lower sliding velocity, and transient
state would be adequate to initiate chemo-
mechanical action, and experimental results
confirmed the formation of chemo-mechanical
reaction products during polishing.

In the paper, ‘Alluring Deburring’ by Dr.
LaRoux K. Gillespie explains customers won’t
accept precision parts with rough surfaces, micro
cracks, recast metal, burrs, metallurgical phase
changes, visible scratches or damaging residual
stresses. Yet grinding, EDMing, laser machining,
conventional cutting and even polishing can produce
these unwanted side effects. However, magnetic
abrasive finishing or polishing (MAF or MAP)
processes can remove these defects and provide
highly polished surfaces. MAF, however, does not
create additional quality problems and is one of the
least complicated processes for removing material to
provide a true base-metal surface.In Industrial
Engineering paper, ‘Equipment for Magneto-
Abrasive Finishing of Roller Bearing Balls’ by
Deaconescu,  T. & Deaconescu, A. gives detailed on
The processing of surfaces by magneto-abrasive
erosion is achieved by working media with both
magnetic and abrasive properties, the binder of the
grains forming the working medium being the
magnetic field. The paper presents a device for
magneto-abrasive finishing of roller bearing balls
adaptable on a universal milling machine. In
the paper ‘The Effect of Workpiece Hardness and
Cutting Speed on the Machinability of AISI H13 Hot
Work Die Steel When Using PCBN Tooling’ by Eu-
Gene Ng & David K. Aspinwall, the authors have
initially reviews the effect of workpiece hardness
and cutting speed on chip formation, workpiece
surface integrity and cutting forces.

Tests were carried out over a range of cutting speeds
with workpieces of different hardness, in order to
provide cutting force, shear angle, chip morphology
and primary shear zone thickness data. The shear
flow stress decreased with increasing cutting speed
and/or workpiece hardness.

This literature on the process of MAF has revealed
that the process depends upon various elements such
as [2]-

1. Setup for the rotating the work piece

2. Power supply

3. Abrasive powder

and the various parameters that can be considered
for the study of MAF process are [2],

(1) Magnetic abrasive powder

(2) Magnetic flux

(3) Gap

(4) Revolving speed of work piece (RPM)

(5) Hardness of workpieces

Present work
In the present work, an attempt is made to minimize
the surface irregularities by suitable combinations of
various controlling parameters, for Magnetic
Abrasive Finishing Process. The experimentation is
done on turned M.S rods having initial average
surface roughness of 0.9 µm and using the abrasive
powder of Iron and Aluminum oxide combination
prepared by sintering. The main objectives of the
present work can be listed as under-

1. To study the Magnetic Abrasive Finishing (MAF)
process for minimizing surface irregularities.

2. To remove surface irregularities of turned
components.

3. To study the effect of various process parameters
on relative surface finish improvement by MAF.

4. To study the effect on Hardness of Components
due to various machining parameters of MAF.

II. EXPERIMENTAL  SET - UP
Process Details

In the magnetic abrasive finishing, the parts are
finished by the use of large number of cutting edges
with random orientation and geometry under the
influence of magnetic field.

The elements present in the experiment set up for
dynamically balanced work pieces are,

1.  The work piece rotating system

2. The abrasive powder

3. The magnetic  field
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The work piece rotating system should grip the
work firmly as it may be pulled by the magnetic
force as well as it should rotate the work piece at
varying speeds. Since this is one of the parameters to
be studied, a radial drilling machine with variable
speed ranges is suitable for this purpose.

The magnetic field should be in the range of 1 to 1.5
Tesla which causes the magnetic abrasive particles
to be forced on the work piece and friction is
produced between the work piece and abrasive
particles due to which finishing of work piece takes
place [2].

The abrasive grains should have good ferromagnetic
and abrasive properties.  The former one retains the
powder in the magnetic field and later one is
responsible for the surface finish.  Hence abrasive
powder can be prepared by mixing iron (Fe) and
aluminum oxide (Al2O3) powder in the required
proportion and by sintering at 800oC for 3 hours and
cooled in the furnace about 12 hrs.

Fig 2.1: Schematic representation of the Magnetic
Abrasive Finishing

Main Parameters
Thus the main parameters that affect the magnetic
abrasive finishing can be summarized as [2]

1. Magnetic abrasive powder ratio.

2. Magnetic flux density.

3. Rotational speed of work piece.

4. Gap or clearance between work piece and
magnet.

Setup Details
The setup required for MAF can be divided into
following three categories:

1. Setup for magnetic field.

2. Abrasive particles.

3. Setup for rotating work piece.

Setup for magnetic field
This setup essentially consists of a solenoid (magnet)
which is having 3500 turns of 1mm copper wire
wound on a non magnetic material.  These turns are
sufficient to produce a field of strength 1-2 T for a
current of 3 amps.  The material used for a
electromagnet is cast steel. The power supply is
taken in terms of amperes which is also equivalent to
the value of magnetic flux density in Tesla.  An A.C.
to D.C. converter is used to supply a D.C. current to
the electromagnet.  This is having a range of 1 to 10
amps.  To adjust the clearance (gap) between the
work piece and the magnetic poles, an arrangement
is made for forward and backward motion of the
electromagnets which are clamped on a table.

Abrasive particles (Powder)
The abrasive particles are responsible for

finishing of the work piece.  They are ferromagnetic
in nature, which are to be attracted towards the
rotating work piece in the magnetic field. This
ultimately results in continuous hammering of them
on the work piece which in turn results in surface
finishing.

The abrasive powder is prepared by mixing iron (Fe)
and aluminum oxide (Al2O3) powders in the required
proportions and then sintering at 800oC for 3 hours
and cooling the mixture in the furnace itself for 12
hrs.  It has been found that higher sintering
temperatures result in burning of the specimens kept
in furnace and loss of their magnetic property.

After cooling a solid mass of Al2 O3 + Fe
combination is obtained which is then hammered
and converted into fine powder. Extreme care is
taken to prevent the mixing of other impurities (like
dust particles) into the abrasive powder mixture.

Set up for the Rotating Work piece
The set up for the revolving work piece is done
using radial drilling machine, since it can
accommodate very easily the required speed
variations as well as position control for the set up
where magnetic field is situated. The job that is to be
machined is held in drill chuck.  To prevent the
deflection of work piece due to the magnetic field,
one bearing is provided on the base side of the work
piece.
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The gap between the job surface and magnet surface
(clearance) is checked by slip gauges.  The surface
roughness is checked by a digital surface roughness
testing instrument- Tallysurf (Surtronic 3+).

Fig : Setup of magnetic abrasive finishing for
cylindrical work pieces.

Procedure of Experimentation
The experiments are conducted on turned M.S.

rods having initial surface roughness about 0.8 µm.
The main steps in conduction of experiments are
listed as follows [2,3]. Decide values for the
parameters, viz., powder ratio, flux density, gap and
speed, by performing preliminary experiments.Take
a turned M.S. rod and measure its initial surface
roughness. (Average roughness for all the work
pieces in this case is 0.8 µm).Clamp this work piece
in the drill chuck of the radial drill. Move the arm of
radial drill to the set up for magnetic field. Place the
work piece exactly in the bearing. Adjust the gap
between the poles and work piece by using slip
gauges and magnetic pole movement arrangement.
Switch ON the electromagnetic supply (converter)
and adjust the required current on it with the help of
control knob.This will result in creation of magnetic
field.  Due to this the magnets may be pulled
towards the work piece.  In such case switch off of
D.C. supply and adjust the gap again.  If neither the
magnets nor the work pieces are pulled towards each
other then the setting of the gap is said to be
perfect.Now switch ON the radial drilling machine
for a specified speed and simultaneously switch ON
the electromagnet power supply. The work   piece in
this situation is revolving under the influence of
magnetic field.Supply the abrasives in the gap
between pole shoes and the job by using funnel. It is
seen that as soon as the particles are brought near the

machining area they are pulled in a flash in that area
due to effect of magnetic field.The powder will form
a Brush like structures fig no.2.3 around the work
piece which will do the surface finishing of the work
piece.

The finishing is allowed to take place for a required
time (2 minutes) and then the electromagnet supply
as well as the radial drilling machine is switched off.
It is observed that the powder slowly starts falling
downwards due to the loss of magnetic field. The job
is then taken out from the chuck and is placed on the
V block. By using the surface roughness measuring
device the roughness is tested and corresponding
reading is noted.

It should be noted that when the effect of magnetic
field diminishes the abrasive powder starts falling
down.  It may clog the bearing which is at base.
Hence after every experiment the bearing as well as
the table where experiments are being carried out is
cleaned by using a vacuum cleaner.The same
procedure is repeated for other experiments having
different parameters values. The schematic
representation of the experimental set up is shown in
fig.2.1

Fig. No. 2.3: Magnetic abrasive Brush

III. DESIGN OF EXPERIMENTS
The experiments shall be scientifically

planned and performed in order to get proper
relationship between the various process parameters.
Such scientific plan of experiments and procedure is
given by design of experiments. In the present work,
an attempt is made to minimize the surface
irregularities by suitable combinations of various
controlling parameters, for Magnetic Abrasive
Finishing process. The experimentation is done on
turned M.S rods having initial average surface
roughness of 0.8 µm and using the abrasive powder
of iron and aluminum oxide combination prepared
by sintering.
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The main objectives of this work are to study the
percentage of surface finish improvement and effect
on Hardness of workpiece. The experimentation is
based on 23 factorial design and analysis was carried
out by using Regression Analysis and ANOVA. The
surface roughness improvement and Hardness are
considered as the output variables (dependent
variables) and magnetic abrasive powder ratio,
power supply, gap between the poles and speed of
work piece are considered as the input variables
(independent variable) [3].

Design of Experiments
Montgomery gives guidelines for designing
experiments and the recommended procedure

1. Recognition of and statement of the problem.

2. Choice of factors and levels.

3. Selection of response variables

4. Choice of experimental design

5. Performing the experiment

6. Data analysis

7. Conclusion and recommendations.

Selection of factors or input parameters

From the literature review we find that the abrasive
powder ratio, magnetic field strength, speed of work
piece and gap are some factors which influence the
process.  The experimental setup is such that it can
control all these factors. Hence all of the above
factors can be considered for the analysis.  Thus
finally, four different process parameters (factors)
have been chosen as:

3.1.1 Abrasive powder ratio

3.1.2 Flux Density

3.1.3 Speed of rotation of work piece

3.1.4 Gap between work piece and electromagnets

Selection of levels of factors

From pilot experiments carried, the abrasive
powder ratio of 2:1, 1:1 and 1:2 are selected.  It is
observed that combinations like 1:1, 1:2, 1:3 etc or
2:1, 2:3 or 3:1, 3:2 etc are also possible.  But there is
either burning or loss of magnetic property due to
more percentage of aluminum. Thus, the abrasive
ratio of 2:1, 1:1 and 1:2 selected.

Power supply, gap and rpm are selected in the
geometrical ratio levels. Power supply of 2.5, 3 and

3.5 amp is selected.  It is possible to increase the
current range up to 10 amps, but this may result in
creation of a heavy field strength which may pull the
drill chuck downwards or it may result in burning of
the electromagnet supply wires.  So, range of current
is maintained between 2.5 to 3.5 amps. Workpiece
speeds as 630, 900 and 1200 r.p.m are selected. Very
less gap resulted in sudden pulling of work piece
towards magnets or vice versa and very large gap
has shown lengthening of magnetic brushes and
reduction in finishing efficiency. The gap in the
range of 2.5 to 5 mm gives notable variations in the
surface roughness therefore; the gap as 2.5, 3 and 3.5
mm is selected. These levels are finally tabulated in
Table 3.1

Table : Input parameters and different Levels

Sr.
No.

Parameter / Factor
Name

Levels

1
Abrasive powder
ratio

2:1 1:1 1:2

2 Flux density (amp) 2.5 3.5 3

3 Speed (r.p.m) 630 900 1200

4 Gap(mm) 2.5 3.0 3.5

Response variables

These are independent variables, that are following,

Surface Roughness improvement (Ra)

Hardness (B.H.N.)

Plan of Experiments

Factorial design used in this work is a
composite design. There are numerous advantages
associated with the use of factorial design in
conducting experiments. It is more efficient than the
conventional one-factor-at-a-time experiments
commonly employed by researchers. It also enables
the study of both main and interaction effects among
the different factors. A design consists of 12
experiments, which are used to develop the surface
roughness improvement model equations. Eight
experiments represent a 23 factorial design; four
experiments at centre are repeated four times to
estimate the pure error. This method classifies and
identifies the parameters to three different levels
(namely, low, centre and high) [2, 3].

In this experimentation 12 tests were carried
out at these levels. These test values were divided in
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two group of six readings each and one combined
group (Trial Numbers 1 to 12) and for each block
surface roughness improvement model equations
were obtained (i) first block of six test (Trial
Numbers 1,2,5,6,11 and 12); (ii) second block of six
tests (Trial Numbers 1, 3,4,8,9 and 12); and (iii)
combined blocks of twelve tests (Trial Numbers 1 to
12). The analysis of these blocks was carried out by
using Regression Analysis and analysis of variance
techniques.

Experiments was carried out for three abrasive
mixtures (abrasive powder: iron) i.e. 2:1, 1:1 & 1:2
with following operating conditions:

IV.EXPERIMENTAL RESULT AND
ANALYSIS

Experimentation was carried out for the two
response variables i.e. Surface roughness and
Hardness in B.H.N. Surface roughness improvement
is measured by measuring roughness of the working
surface before machining and after machining in
different working conditions.

Hardness is measured by testing the samples on
Brinell Hardness Tester before machining and after
machining.

The detail analysis of Surface roughness is as
follows:

Postulation of Mathematical Model

The functional relationship between
response variables, Surface roughness improvement
(Ra) and the independent variables can be
represented by following equations.

Ra = f (F, S, G)

Ra = k F S  G

For the purpose of investigation can be
written in the convenient form by taking log of both
sides.

Log Ra = log k +  log F +  log S +  log G

Y = a0 x0 + a1 x1 + a2 x2 + a3 x 3

Where,

Y = Log Ra

x0 = log  K ao = 1

x1 = log F a1 = 
x2 = log S a2 = 

x 3 = log G a3 = 

Result obtained for Surface roughness
improve. (Ra) of the First Block

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra’

Result obtained for Surface roughness
improv. (Ra) of the First block

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table

Result obtained for Surface roughness
improv. (Ra) Second block

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table

Table : Regression analysis for Ra

Regression Statistics

Multiple R 0.990020296

R Square 0.980140187

Adjusted R Square 0.950350467

Standard Error 0.01457738

Observations 6

Result obtained for Surface roughness
improv. (Ra) Third block

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table 5.4.2 Second block
observations:

Result obtained for Surface roughness
improv. (Ra) of the Second block

The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table.
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The summary output for the regression analysis and
analysis of variance (ANOVA) for ‘Ra ' are shown
consequently in table.

Graphical analysis

Graphical analysis is carried out at different
mixing ratios such as 2:1, 1:1 and 1:2 by using the
equations.

Abrasive Powder Ratio 2:1

For graphical analysis we know that, equation
obtained for Surface roughness improvement (Ra)
for the abrasive powder ratio 2:1

Ra (2:1) = 0.3264  F 0.09125 S -0.02625 G -0.01

Case – I

Calculate various values of Surface roughness
improvement (Ra) for different flux density by
keeping workpiece speed and gap between
workpiece and magnetic pole constant, i.e.
workpiece speed, S = 900 rpm & Gap = 3.00 mm

Case – II

Calculate various values of Surface roughness
improvement (Ra) for different workpiece speed by
keeping magnetic flux density and gap between
workpiece and magnetic pole constant, i.e. flux
density F = 3 amp & Gap = 3.00 mm

Case – III

Calculate various values of Surface roughness
improvement (Ra) for different gap between
workpiece and magnetic pole by keeping workpiece

speed and flux density constant, i.e. flux density, F =
3 amp & workpiece speed, S = 900 rpm

Abrasive Powder Ratio 1:1

For graphical analysis we know that, Equation
obtained for Surface roughness improvement (Ra)
for the abrasive powder ratio 1:1

Ra (1:1) = 0.2949  F 0.08125 S -0.03125 G -0.005

Case – I

Calculate various values of Surface roughness
improvement (Ra) for different flux density by
keeping workpiece speed and gap between
workpiece and magnetic pole constant, i.e.
workpiece speed, S = 900 rpm & Gap = 3.00 mm

Case – II

Calculate various values of Surface roughness
improvement (Ra) for different workpiece speed by
keeping magnetic flux density and gap between
workpiece and magnetic pole constant, i.e. flux
density F = 3 amp & Gap = 3.00 mm

Case – III

Calculate various values of Surface roughness
improvement (Ra) by varying the gap between
workpiece and magnetic pole by keeping workpiece
speed and flux density constant, i.e. flux density, F =
3 amp & workpiece speed, S = 900 rpm.

Abrasive Powder Ratio 1:2

For graphical analysis, we know that the Equation
obtained for Surface roughness improvement (Ra)
for the abrasive powder ratio 1:2

Ra (1:2) =   0.2475    F 0.04284 S -0.02875 G -0.01

Case – I

Calculate various values of Surface roughness
improvement (Ra) for different flux density by
keeping workpiece speed and gap between
workpiece and magnetic pole constant, i.e.
workpiece speed, S = 900 rpm & Gap = 3.00 mm

Case – II

Calculate various values of Surface roughness
improvement (Ra) for different workpiece speed by
keeping magnetic flux density and gap between
workpiece and magnetic pole constant, i.e. flux
density F = 3 amp & Gap = 3.00 mm

Case – III

Hardness of sample (after m/c) at ratio 1:2
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Calculate various values of Surface roughness
improvement (Ra) by varying the gap between
workpiece and magnetic pole by keeping workpiece
speed and flux density constant, i.e. flux density, F =
3 amp & workpiece speed, S = 900 rpm.

Analysis of Hardness

By using MAF, material is removed with
multiple cutting edges of abrasive powders. This is
turn in effect on Hardness of workpiece like
burnishing, machining by single point cutting tool [3,
9].

So for analysis of Hardness of workpieces, the
hardness of all samples is tested before machining
and after machining at the various machining
conditions such as mixing ratio 2:1, 1:1 & 1:2 and
machining parameters flux density, speed & gap set
at High, Center & Low. For testing the hardness of
samples, a Brinell Hardness Tester was used shown
in photos and B.H.N. is calculated by using
following formula,

 22

2

...
dDD

D
P
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Where,

B.H.N. = Brinell hardness number

P = load applied = 250 Kg,

D = ball Diameter = 5 mm,

d = diameter of impression mm

Sample calculation
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Form the above, it is observed that no change in
Hardness after machining at different operating
conditions unlike burnishing or other machining
processes. Hardness of all work pieces remains same.

RESULTS AND DISCUSSION

In the experimentation, the work pieces of mild steel
with 25 mm diameter are used. Before conducting
the experimentation pilot experiments were
conducted.  Pilot experiments were carried at the

abrasive powder ratio of1:2, 1:1 and 2:1, the gap
range of 2.5 mm, 3 mm and 3.5 mm, the power
supply range of 2.5, 3 and 3.5 amps and the speed in
the geometric progression ratio range of 630, 900
and 1200 rpm.

The results obtained give variation with initial values
of surface roughness.

The experiments are performed on mild steel
specimen to study the effect of various process
parameters on surface finish and hardness of
workpieces. The results obtained for improvement in
surface roughness are tabulated in Tables. The same
results are plotted as a graph of percentage
improvement of surface roughness against time for
machining in minutes.

It can be concluded that initial roughness of average
of specimen was found to be varying which also
invites post turning like polishing / MAF to maintain
close tolerances as regards surface average.

It can be clearly seen for the abrasive mixing ration
2:1, the surface roughness improvement is about 34-
38 %, for the abrasive mixing ration 1:1 is about 29 -
32 % and for the abrasive mixing ration 1:2 is about
20 - 28 %. The behavior in percentage improvement
of surface roughness seems to be strongly effected
by abrasive ratio.  When the percentage of iron in the
abrasive mixture increases, surface roughness
improvement shows a reducing trend.  For this
various combinations of abrasive ratios
experimented for surface finish behavior.

In most of the experiments initially surface
roughness improvement tends to increase and after a
peek value shows a decrease in trend.  This nature is
due to loss of abrasive powder from the abrasive
mixture.  The behavior of output response, i.e.,
percentage improvement of surface roughness is
definitely predictable and further statistical /
analytical analysis shall be helpful. In general
optimum surface finish is obtained in 5 to 7 minutes.

Sampl
e

No.

d
(befor

e

m/c
ing),
mm

B.H.N
.

d (after m/c ing) B.H.N
.Machining conditions

Hig
h

Centr
e

Lo
w

1 1.30 185.18 1.30 185.18

2 1.25 200.49 1.25 200.49

3 1.25 200.49 1.25 200.49
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4 1.35 171.46 1.35 171.46

5 1.35 171.46 1.35 171.46

6 1.35 171.46 1.35 171.46

VI. CONCLUSION
In the present work, an attempt is made to minimize
surface irregularities by suitable combinations of
various controlling parameters, for recently reported
Magnetic Abrasive Finishing Process. The
experimentation is done on turned M.S. rods having
initial average surface roughness of 0.9 µm and
using the Abrasive powder of aluminum oxide and
iron combination prepared by sintering. One of the
Taugchi's Designs of experiments' method is used
for planning of experiments.

1. The equations developed for

Abrasive mixing ratio 2:1 is:

Ra (2:1) = 0.3264  F 0.09125 S -0.02625 G -0.01

Abrasive mixing ratio 1:1is:

Ra (1:1) = 0.2949  F 0.08125 S -0.03125 G -0.005

Abrasive mixing ratio 1:2is:

Ra (1:2) = 0.2475  F 0.04284 S -0.02875 G -0.01

2. In spite of maintaining uniform turning conditions,
it can be concluded that   initial roughness of
average of specimen was found to be varying from
0.6µm to 1.2µm, which also invite post turning
operations like polishing /MAF to maintain close
tolerances as regards surface roughness.

3. In MAF percentage surface improvement of
material is found to be increasing with respect to
time up to 20% to 35% and reaches optimum value.
Further finishing results in detoriation of surface
roughness.

4. In general, optimum surface finish is obtained in 6
to 7 minutes.  However, when concentration of iron
particles is predominant the finishing time is reduced
by 60 to 75 %.

5.  From the result obtained it is observed that
increase in flux density and increase in abrasive
particle content is found to be useful in surface finish
improvement, but increase in speed rpm of work
piece and gap between poles is found to be
detrimental.

6. The process is best suited for obtaining uniform
surface finish. Also MAF provides reproducible
results which are found to be predictable.

7. By performing the Regression analysis and
ANOVA for results it is found that abrasive powder
ratio, flux density and speed of work piece are
having predominant effect on rate of surface
roughness improvement.

8. From the results it is observed that 20 to 25 %
improvement in surface finish is easily obtained with
MAF and the parameters abrasive powder ratio, gap,
magnetic flux and RPM of work piece does have
predominant effect on surface finish.

9. However when iron particles concentration is
doubled, the percentage improvement finishing is
found to be less.

10. From the results it is observed that the Hardness
is not affected by any abrasive ratio or different
operating parameters, it remains unchanged.

Scope for further work.
In order to get further insight into this newly
introduced fine finishing process, following areas
need further study

1. The process can be studied for different sizes and
different types of abrasive materials such as natural
abrasives, artificial abrasives etc.

2. The process can be studied for different kinds of
materials and their proportions.

3. The present set up developed is a purely
experimental setup for dynamically balanced work
pieces.  Further investigations can be carried out for
different types of work pieces by developing
industrial setups.

4. In the processing, at high flux and high speeds
temperature increases. It may cause the changes in
the metallurgical properties and physical properties
of the work piece. These phenomena can be studied.

5. Comprehensive software may be created giving
optimum cutting Parameters to increase surface
roughness improvement.

6. The effect of coolant and vibration are also the
parameters, which have scope to study.

7. More exact analysis of the process can be done
using the techniques like S/N ratio (Signal to Noise
ratio), pulling up of error etc
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