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Abstract: Magnetic abrasive machining is a non- traditional machining process and is often applied as a final 
finishing process which uses flexible multipoint cutting brush to obtain the desired level of surface finish. The 
knowledge of different significant factors is essential to understand the nature of surface finish produced. In the 
present examination work the effect of boron carbide abrasives (B4C) on surface finishing of flat brass plate was 
examined using magnetic abrasive finishing process. Four input process parameters were taken in this work 
which are rotational speed, quantity of magnetic abrasives, mesh number and machining time. The work material 
selected was UNS C26000. The experiments were conducted as per Two Level Full factorial technique. The analysis 
of variance (ANOVA) was investigated using statistical software to find optimal conditions for better surface 
roughness. Regression models has been developed by using MINITAB-17 statistical software to analyze surface 
roughness. Experimental results showed that rotational speed was the most significant parameter on change in 
surface roughness. The minimum surface roughness (Ra) achieved was 0.061 mm for initial value of 0.544 mm.

Keywords: Magnetic Abrasive Finishing, Surface Roughness, Analysis of Variance(ANOVA), Regression Equation, 
Sintering, Magnetic Abrasive Particles (MAP).

less wear [2]. Different types of abrasive material 
being used for finishing namely aluminium oxide 
(Al2O3), Silicon carbide, (Sic), Cubic boron nitride 
(CBN), Boron carbide (B4C) and Diamond powder 
etc. To perform MAF of planer surfaces a rotating 
magnetic pole system is used. The workpiece is put 
on worktable and magnetic abrasive particles are 
scattered on the workpiece surface [3]. Required 
machining force is generated with the help of 
magnetic field that unites the workpiece surface 
zone and abrasive grains. Magnetic abrasives get 
magnetized under the influence of magnetic field 
and forces them against the work piece surface. 
These particles get accumulated at the center and 
forms a flexible multipoint cutting tool by aligning 
themselves along the direction of field lines hence 
pressure exerted causes the depressions on the 
surface of work piece [3]. Two types of major forces 
centrifugal force and reciprocating force act on 
abrasive particles of brush for cutting the work 
piece surface and generating microchips [4]. Hence 
material is removed from workpiece surface. Magnetic 
abrasive finishing finds numerous application like 

introduction1. 

The development of the semiconductor, aviation, 
and optics industries have brought about continued 
development in the search of more advanced 
machining processes which results in high surface 
finish and less wear. With the progression of time 
tailor made, hard and soft or fragile materials are 
being developed for example titanium for aerospace 
and marine applications, stainless steel for surgical 
tools and sugar refineries, ceramics for disk brakes 
and bullet proof jackets, brass or copper for axial 
piston pumps, ammunition parts and radiators etc. 
It is to a great degree difficult to machine these 
materials with regular machining operations [1]. 
Brass is a soft and ductile material which is not all 
that simple to machine as harder one as conventional 
tools exert high force which may even harm the 
surface material, bringing about re-working and 
more wear. In order to overcome these defects, non-
conventional techniques are used. Magnetic abrasive 
finishing (MAF) process is one of such processes 
which is utilized to manufacture parts to obtain 
surface integrity with low surface roughness and 
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finishing of port plate used in low speed axial piston 
pump, polishing various bio medical implants like 
knee prostheses. Magnetic abrasive finishing can 
be used to finish silicon wafers for semiconductors. 
MAF gives us a unique feature of switching magnetic 
flux density which makes it suitable for aviation 
industries [5]. Ultra-precision Optical parts uses 
magnetic abrasive finishing. MAF can be used for 
marine applications such as turbine blades. Kanish 
et. al., [1] investigated the finishing forces acting 
during magnetic field assisted abrasive finishing of 
SS316L material. The experiments were carried out 
as per Taguchi L27 orthogonal array. Model 9257B 
dynamometer and Model 5070A charge amplifier 
were used to measure horizontal and vertical forces. 
From the experimental results, it was discovered 
that higher voltage (22 V) and lower machining gap 
(1.5 mm) brought about maximum magnitude of the 
vertical and horizontal forces to 33.92 N and 14.16 
N respectively. Jain et. al., [7] inspected the surface 
texture produced by flexible multipoint cutting 
brush. He examined the microscopic changes in the 
surface texture with SEM on the finished surface 
material. The observed surface texture demonstrates 
that the procedure makes miniaturized scale 
scratches having width under 0.5 m on the finished 
surface. Additionally, the surface is finished by 
the shearing of the peaks bringing about circular 
lays formed by the rotation of the FMAB. Rahul S. 
Mulik and Pulak M. Pandey [4] fabricated a setup 
for magnetic abrasive finishing incorporated with 
ultrasonic transducer for finishing of steel (AISI 
52100). Silicon carbide magnetic abrasives were 
utilized for examinations. Five input parameters 
were supply voltage, abrasive mesh number, 
rotation of magnet, abrasive weight percentage, 
and pulse on time. The response parameter was 
PISF (Percentage improvement in surface finish). 
The surface roughness value obtained by UAMAF 
was as low as 22 nm within 80s on hardened 
AISI 52100 steel workpiece using unbonded SiC 
abrasives. To find the characteristics of finished 
surface SEM (scanning electron microscopy) 
and atomic force microscopy (AFM) studies were 
performed. Chow et. al., [2] utilized MAF to study 
the free-form surface operations on stainless steel 
(SUS304). Permanent magnets were introduced 
on the center of CNC machine. Design considers 
the effects of magnetic field, spindle revolution, 

feed rate, working gap, abrasive, and lubricant. 
To collect data Taguchi experimental design was 
employed. Rough finishing followed by precise 
finishing performed on the material. It was observed 
that rough finishing results in 0.158 mm and precise 
finishing gave 0.102 mm (mirror surface). The 
outcomes revealed that MAF is suitable for obtaining 
high surface finish. Sugiyama et. al., [12] studied 
finishing characteristics of MAF with low-frequency 
magnetic field (alternating). The effect of finishing 
force, abrasive behavior, grinding fluid, rotational 
speed of pole and frequency of current examined 
on surface roughness and material removal. It was 
found that surface finish of workpiece material 
(SUS304) significantly improved. The initial Ra 
value was 240.24 nm and final value achieved was 
4.38 nm which shows that nanometer range surface 
roughness can be obtained with low frequency of 
alternating field. A.C. Wang and S.J. Lee [9] used 
gel abrasives with magnetic abrasive finishing to 
achieve high surface finish. Results showed that 
for the initial value of Ra 0.677 mm, final value 
0.1 mm achieved within 10 min and 0.038 mm in 
30 min. Literature review uncovers that very few 
research has been carried out for finishing of brass 
plate using boron carbide based magnetic abrasives. 
It was also found that few research findings are 
available which shows the effect of interactions 
of different input parameters (rotational speed, 
quantity of abrasives, mesh number, machining 
time) on surface roughness. The objectives of 
present research study to investigate the effect of 
boron carbide based abrasives on finishing of a flat 
brass plate and to establish regression equation for 
the response parameter (surface roughness). Thus, 
the results obtained were optimized in order to get 
optimum results.

exPerimentation2. 

a. experimental Setup

The experimental setup for finishing of plane 
surfaces using Magnetic Abrasives Finishing process 
comprises of two rectangular shape silver permanent 
magnets with magnetic flux density 6000 Gauss each 
mounted on aluminium disk which acts as a carrier 
and insulator to separate them. This disk was placed 
below acrylic working table. Magnets were rotated 
by a D.C motor. The workpiece was placed over 
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the working table and sintered magnetic abrasives 
were dispersed upon the workpiece surface. The 
speed of magnetic chuck was varied by changing 
the speed of D.C motor from the controller. To 
change the speed of magnetic chuck a step-down 
transformer is installed in the controller box. The 
direction of rotation of the magnetic chuck can be 
changed by using the controller. The Figure 1 shown 
below is the photographic view of the experimental 
setup.

figure 1: Setup of plane magnetic abrasive finishing

b. magnetic abrasive Powder

A mixture of abrasive powders was prepared by 
mixing boron carbide (280 mesh) with iron powder 
(300 mesh). Boron carbide possess ability of 
finishing while iron powder helps in magnetizing 
flexible multipoint cutting abrasive brush. After 
mixing the abrasive powders then compacts were 
prepared from this mixture. Powder was poured in 
the die hole (∆25mm) up to a height of 50 mm and 
then a punch was placed on its top. A load of 2 ton/
cm2 was then applied with the help of hydraulic 
press for about 20 seconds to compress the powder 
mixture and form the compacts. The compacts were 
placed in the heating zone of tube furnace. At one 
end of the tube gas (argon) supply was provided 
to prevent oxidation of compacts and other end 
was opened for flow of gas to atmosphere. After 
placing the compacts, the tube was then inserted 
in the furnace with precautions. Then supply of 
argon gas was opened from argon cylinder. The 
temperature controller of furnace was switched ON 
and recommended temperature for sintering was 

kept as 1100°C. The compacts so formed were taken 
out of the die. The compacted magnetic abrasives 
were crushed to obtain magnetic abrasive powder. 
After crushing magnetic abrasive particles were 
sieved for different mesh number using sieve shaker. 
Different mesh numbers were obtained as 80, 100, 
140, 200, 270. 140 and 270 mesh number abrasives 
were selected to carry out experimentation on the 
basis of available literature.

c. experimental design

In the present research work a Two-Level full factorial 
technique was employed for experimentation. Four 
input parameters (Rotational speed, Quantity of 
abrasives, Mesh size and Machining time) were 
selected and total number of experimentation 
runs came out to be 16. So, to complete entire 
experimentation 16 experiments were conducted in 
random order. Levels were selected based on trial 
experiments.

table 1 
levels of Process Parameters

Symbol Input Factors Level 1 Level 2

X1 Rotational speed (rpm) 100 200

X2 Quantity of magnetic 
abrasives (mg)

5 10

X3 Mesh number 140 270

X4 Machining time (min) 30 60

Constant parameters were magnetic flux density 
(6000 Gauss), working gap, current, voltage and 
percentage of iron in magnetic abrasives.

d. experimental Procedure

The surface roughness of brass plate was measured 
before machining at different points. Then work 
piece was clamped over the work table above the 
two magnetic poles with proper work. Measured 
quantity of magnetic abrasive powder was then 
poured over the brass plate mounted on the work 
table. The machine was then switched ON. Different 
input parameters were varied in accordance with 
design of experiment. The rotary motion to the 
magnetic chuck was given by a D.C motor. As soon 
as power was provided magnetic abrasive particles 
aligns forms a flexible magnetic abrasive brush. This 
flexible multipoint cutting brush acts as multi point 
cutting tool and shear off the peaks of irregularities 
on the surface of work piece being finished [10] 
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and hence improve its surface finish. Material was 
removed in the form of micro-chips from the finishing 
zone. The finishing operations were carried out for 
different time intervals as per experimental design. 
After the completion of all experimental runs the 
workpiece was removed from the table and cleaned 
with methanol. The surface finish of brass plate after 
machining was measured by using the Mitutoyo 
SJ-410 Surface roughness tester (with least count 
of 0.001 mm and cut off length = 0.8 mm).

e. experimental data

The aim of the experimentation was to explore 
the relation between input and output process 
parameters. The experimental results are shown 
in the table below:

table 2 
design of experiments and responses

Std Order X1 X2 X3 X4 Ra (mm)

9 100 5 140 60 0.142

14 200 5 170 60 0.066

13 100 5 270 60 0.097

10 200 5 140 60 0.089

7 100 10 270 30 0.121

4 200 10 140 30 0.090

1 100 5 140 30 0.162

2 200 5 140 30 0.097

5 100 5 270 30 0.120

15 100 10 270 60 0.085

8 200 10 270 30 0.076

16 200 10 270 60 0.061

3 100 10 140 30 0.158

12 200 10 140 60 0.084

11 100 10 140 60 0.135

6 200 5 270 30 0.078

Where X1, X2, X3, X4 are in actual levels values 
of rotational speed, quantity of magnetic abrasives, 
mesh number, machining time respectively.

reSultS and diScuSSion3. 

a. modelling of Process Parameters

In the present work regression model was developed 
and experimental results obtained were subject to 
analysis by using MINITAB-17 statistical software. 
Based on the experimental findings the following 
regression models have been evolved.

Regression Equation for surface roughness is 
given by:

 Ra = 0.2557 - 0.000461 X1 - 0.000925 X2
  - 0.000237 X3 - 0.000604 X4

table 3 
analysis of variance of regression for ra

Source DF Adj SS F-Value P-Value Percent

Regression 10 0.014612 219.17 0.000 99.77

Error 5 0.000023 – –  0.23

Total 15 0.014635 – –  100

The analysis of variance (ANOVA, Table 3) 
indicates that F-value for Ra is found to be 219.17 
which is greater than standard F-value (2.35) means 
our data is highly correlated and p value is found to 
be zero. Since the P-value < (0.05) in analysis, hence 
observed relationship is statistically significant 
at 95% confidence interval [12]. These statistical 
terms i.e., variance ratio (F) and P value are used 
to measure the significance of the regression under 
investigation [11]. Model explains 99.77% for Ra 
variation in the data. The values of F and P indicates 
that both models are highly significant. Therefore, 
the regression equation for Ra can be used to predict 
the responses of the MAF process.

b. effect of individual Process Parameters 
on ra

1. Effect of Rotational Speed

It was observed that surface roughness decreases 
as the speed increases from level 1 to level 2. This 
may be due to the fact that at high rotational speed, 
rate at which magnetic abrasive particles hits the 
workpiece surface increases. Therefore, more peaks 
sheared at high rpm which results in higher surface 
finish. While at low rotational speed improper brush 
formed as centrifugal force acting on magnetic 
abrasive particles was less so particles accumulated 
at center. With increase in speed centrifugal force 
also increases and forces the abrasive particles 
to move outwards results in formation of proper 
abrasive brush.

2. Effect of Quantity of Abrasives

Increase in quantity of magnetic abrasives has not 
much significant effect on surface roughness but 
slight decrease in surface roughness was achieved 
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with increase in quantity of abrasives. This may 
be due to fact that more number of abrasives 
comes in contact with workpiece surface during 
finishing.

figure 2: main effects plot for surface roughness vs 
rotational speed

figure 3: main effects plot for surface roughness vs 
quantity of abrasives

3. Effect of Mesh Number

It was observed that with increase in mesh number 
from level 1 to level 2 there was decrease in surface 
roughness. More the mesh number lesser is the 
abrasive particle size. Fine abrasives cause high 
surface finish while coarse abrasives cause low 
surface finish [13-14]. This may be due to fact that 
with increase in mesh number, there are more 
number of cutting edges in the same machining area 
if fine abrasives were used.

4. Effect of Machining Time

Increase in machining time has positive effect on 
surface finish as it was observed in Figure 5 that surface 

roughness decreases with increase in machining 
time from level 1 to level 2. This may be due to the 
fact that magnetic abrasives remain in finishing 
zone for more time and sharp cutting edges of the 
abrasives removes the material form work piece 
surface.

figure 4: main effects plot for surface roughness vs 
mesh size

figure 5: main effects plot for surface roughness vs 
machining time

c. Surface roughness tester results

Mitutoyo SJ-410 surface roughness tester was 
used to measure the surface roughness values at 
the different points on workpiece surface after 
machining. The average of all measurements is 
taken as surface roughness value for that particular 
combination of input parameters.

The surface roughness tester result after 
magnetic abrasive finishing is shown in figure 7. 
The profile indicates that peaks and valleys are 
reduced to a large extent which results in higher 
surface finish.
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(a)

  
 (b) (c)
figure 6: (a) mitutoyo SJ-410 surface roughness tester 
(b) brass plate before maf (c) brass plate after maf

figure 7: Surface roughness result after maf

concluSion4. 

In this study, MAF was performed on the brass 
material and design of experimental method was 
applied to evaluate the effect of selected parameters 
(rotational speed, quantity of abrasives, mesh 
number, machining time) on output parameters 
(surface roughness) with the use of boron carbide 
based magnetic abrasive. The results can be 
summarized as follows:

On the basis of results obtained, following 
conclusion has been drawn.

 1. Magnetic abrasive finishing proved to be 
suitable for finishing of UNS C26000 brass 
material. MAF can be used to finish soft 

and ductile materials for various industrial 
applications.

 2. It was found that rotational speed was most 
significant factor which greatly influences 
the final surface integrity. With increase 
in rotational speed, quantity of abrasives, 
mesh size and machining time the surface 
roughness decreases.

 3. The optimal settings for surface roughness 
found to be level 2 rotational speed (200 
rpm), quantity of abrasives (10 mg), mesh 
size (270) and level 1 machining time (30 
min).
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