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Abstract 
Magnetic Abrasive Finishing (MAF) is the process in which material is removed in such a way that the fine 
surface finishing is performed with the applied magnetic field on the finishing zone. In the present study, the 
magnetic abrasive flow machining was hybridized with double rotation with magnetic force for productivity 
enhancement in terms of material removal. The aim of this work is to study the magnetic abrasive finishing 
as an efficient tool for internal finishing of tubes. Brass tubes are used as work-piece in this study.  
Al2O3 based sintered abrasives were prepared for the experimentation and the process parameters were 
weight of magnetic abrasive, rotational speed of magnetic poles and work-piece, grit size of magnetic 
abrasives and percentage of Al2O3 in magnetic abrasives. The effect of all parameters has been studied with 
the help of percentage improvement in surface finish (PISF). 
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Introduction 
Surface finish is a very important key factor in functional 
properties, such as wear resistance and power losses 
due to friction in most of the engineering components. 
There are some materials used in high technology 
industries which are difficult to finish by conventional 
machining and polishing techniques with high accuracy 
and minimal surface defects, such as micro cracks, 
geometrical errors and distortions on the work surfaces. 
Smoothly finished inner pipe surfaces are necessary to 
prevent contamination of gas and liquid in high purity 
piping system for critical applications, like medical 
instruments, aerospace components, atomic energy 
parts etc. To solve this problem, some new machining 
methods were developed which are known as 
‘Unconventional machining methods’. These were so 
called so as they do not use conventional edges tools for 
machining. Magnetic abrasive machining is one of such 
method of machining developed to overcome difficulties 
of machining by controlled magnetic force to finish 
surface. Yamaguchi and Shinmura (2000) studied 
magnetic finishing (internal) using a pole rotation system 
and observed about magnetic force which acting on the 
abrasive has a significant effect on the behavior of 
abrasive. Yamaguchi and Shinmura (2004) studied about 
magnetic abrasive finishing on alumina ceramic 
components and their results showed that the finished 
surfaces are highly dependent on the volume of lubricant 
added to abrasive. They also observed that this finishing 
process gives fine surface finish with less effect on the 
target surface. Kim (2003) observed the effect of size of 
abrasive particles, amount of magnetic abrasive and 

about machining fluid added to abrasive and studied that 
the effect of machining fluid on magnetic abrasives and 
found that machining efficiency was increased at a 
certain quantity which prevent the magnetic abrasives 
from spreading. But beyond a uniform speed, the surface 
roughness was increased because of lubricating action 
which was increased due to high temperature produced 
by friction heat. Hung et al. (2010) developed a system 
for magnetic finishing of internal surface of tubes and 
found that vibration frequency, spindle speed, discharge 
current, abrasive weight ratio are the process parameters 
which affect the surface finish in MAF. Kumar and Yadav 
(2009) studied that temperature rise inside the  
work-piece due to increase in the rpm of magnetic 
abrasive brush. More the rpm of magnetic abrasive brush 
more will be the temperature rise. Jae-Seob and  
Tae-Kyung (2010) applied current to the inductor, the 
working gap between the work-piece and the inductor, 
rotational speed and the amount of abrasive used in 
magnetic abrasive polishing of the magnesium alloy 
plate. They found that the amount of powder has the 
largest impact on the process while the rotational speed 
had the least effect on surface roughness. Singh et al. 
(2010) stated that amongst all the available varieties of 
magnetic abrasives, the sintered magnetic abrasives 
gave highest surface finish on most of the work materials 
and also reported that percentage improvement in 
surface finish was significantly affected by the magnetic 
flux density, quantity of abrasives, etc. Gandhi and Singh 
(2013) stated that the surface is finished by removing the 
material in the form of microchips by the abrasive 
particles in the presence of the magnetic field.  
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Fig. 1a-d. Magnetic abrasive finishing process. 

 
 
They showed that weight of abrasives, revolutions per 
minute (RPM), magnetic abrasive (Mesh No.) and 
finishing time had significant effect on the surface 
roughness. Kang et al. (2013) stated that the magnetic 
abrasives in the tube are generating the finishing force 
against the inner surface of the tube. The rotation of the 
poles around the work-piece causes the rotation of the 
magnetic field at the finishing area. The abrasive follows 
the rotation of magnetic field. The relative motion 
between the abrasive and the inner surface removes the 
material from work-piece. This material removal can be 
controlled by the magnetic field and thus, finishes the 
internal surface of tube. Keeping the above facts in view, 
the present study has been undertaken with the following 
objectives: 
1. To design and develop a magnetic abrasive finishing 

setup for finishing of cylindrical surfaces. 
2. To prepare and study the performance of Al2O3 based 

sintered magnetic abrasives. 
3. To investigate the effect of input process parameters 

on the percentage improvement in surface finish 
(PISF). 

4. To develop empirical relation between the process 
input parameters and output parameters using 
regression model. 

 
Materials and methods 
Working principle: Figure 1a-d shows a schematic view 
of magnetic abrasive finishing process for finishing 
cylindrical work-pieces using permanent magnet. 
Magnetic abrasives introduced inside the work-piece 
surface are conglomerated at the finishing zone by a 
magnetic field. These particles join each other to form a 
flexible magnetic abrasive brush (FMAB) which pushes 
against the work-piece surface and develops finishing 
pressure.  

The rotation of the poles consists of small permanent 
magnets, around the work-piece which causes the 
rotation of the magnetic field on the finishing surface. 
This finishing pressure originates micro-indentations in 
the work-piece surface. During the finishing operation, 
rotary motion is given to the magnetic poles and the 
work-piece in the opposite direction. 
 
Magnetic abrasives: An abrasive is a hard material which 
is used to cut or wear away other materials. They consist 
of ferrous and non-ferrous particles. In this study, the 
magnetic abrasives are formed by mixing aluminum 
oxide (300 mesh size) in different five percentages by 
volume in iron powder (100 mesh size). The mixture was 
then compressed in the cylindrical die and sintered in a 
furnace at a temperature of 1100C for 1.5 h in the 
presence of H2 gas. After the sintering process, the 
magnetic abrasives were crushed and separated to 
different sizes by sieve mechanism. 
 
Experimental conditions: Selection of the independent 
variables is mainly governed by the findings from the 
literature and the earlier experimentation. Some 
important factors have been chosen for study namely the 
effect of the same on the response factor. Size of 
abrasive grains, quantity of abrasive and percentage of 
iron in magnetic abrasives, rotational speed of magnet 
and rotational speed of work-piece were considered as 
experimental factors which would affect the surface 
roughness. For current study, PISF is taken as response 
variable. In present design, 32 experimental runs were 
required to complete the entire experimentation. 
Response Surface Methodology (RSM) is a collection of 
mathematical and statistical techniques that are useful 
for the modeling and analysis of problems in which a 
response of interest is influenced by several variables 
and the objective is to optimize this response.  
The effects of interaction between different process 
parameters such as size of abrasive grains, quantity of 
abrasive, percentage of magnetic abrasives, rotational 
speed of magnet and rotational speed of work-piece on 
percentage improvement in surface finish (PISF) were 
analyzed using RSM. The Mitutoyo surface roughness 
tester (SJ210P) having a least count of 0.001 µm was 
used for measuring the surface roughness of the  
work-pieces before and after the experimentation. The 
experimental conditions are shown in Table 1. 
 
Results and discussion 
Effect of interaction between Abrasive percentage and 
Mesh No. on PISF: Figure 2a shows the effect of 
simultaneous variation between Abrasive percentages 
(A) and Mesh no. (B) on PISF. With small Mesh no. at 
lower level with increase in Abrasive percentage the 
PISF, first decreased and then slightly increased but on 
other side with higher Mesh no., the surface finish first 
slightly decreased and then increased. At Abrasive 
percentage on lower level and higher level with increase 
in Mesh no., the surface finish decreased. 
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Fig. 2a. Effect of interaction between Abrasive percentage  

and Mesh No. on PISF. 

 
 
Effect of interaction between Abrasive percentage and 
Abrasive quantity on PISF: Figure 2b shows the effect of 
simultaneous variation between Abrasive percentages 
(A) and Abrasive Quantity (C) on PISF. With small 
Abrasive Quantity at lower level and higher level with 
increase in Abrasive percentage the PISF, first 
decreased and then increased but on other side at lower 
level the surface finish first decreased and at higher level 
the surface finish first decreased then slightly increased. 
 

Fig. 2b. Effect of interaction between Abrasive percentage  
and Abrasive quantity on PISF. 

 
 
Effect of interaction between Abrasive percentage and 
Magnet speed on PISF: Figure 2c shows the effect of 
simultaneous variation between Abrasive percentages 
(A) and Magnet speed (D) on PISF. At lower level of 
Abrasive percentage, the PISF increases with increase in 
Magnet speed and at higher level it decreases with 
increase in Magnet speed. At lower level of Abrasive 
percentage the PISF, first decreased and then increased 
but on other side at higher level the surface finish first 
decreased and then slightly increased. 

 
Fig. 2c. Effect of interaction between Abrasive percentage  

and Speed (Magnet) on PISF. 

 
 
 
Effect of interaction between Abrasive percentage and 
Speed (W/P) on PISF: Figure 2d shows the effect of 
simultaneous variation between Abrasive percentages 
(A) and Magnet speed (D) on PISF. At lower level and 
higher level of Abrasive percentage the PISF decreases 
with increase in work-piece speed and at lower level and 
higher level of work-piece speed the PISF, first 
decreased and then increased. 
 

Fig. 2d. Effect of interaction between Abrasive percentage  
and Speed (W/P) on PISF. 

 
 

Fig. 2e. Effect of interaction between Mesh No.  
and Speed (Magnet) on PISF. 

 

Design-Expert® Software
Factor Coding: Actual
PISF

Design points  above predicted value
Design points  below predicted value
60.6

3.9

X1 = A: Abrasive %
X2 = B: Mesh No.

Actual Factors
C: Abrasive Quantity  = 0.00
D: Speed(Magnet) = 0.00
E: Speed(W/P) = 0.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

  -1.00

  -0.50

  0.00

  0.50

  1.00

0  

10  

20  

30  

40  

50  

60  

  P
IS

F 
 

  A: Abrasive %    B: Mesh No.  

Design-Expert® Software
Factor Coding: Actual
PISF

Design points  above predicted value
Design points  below predicted value
60.6

3.9

X1 = A: Abrasive %
X2 = C: Abrasive Quantity

Actual Factors
B: Mesh No. = 0.00
D: Speed(Magnet) = 0.00
E: Speed(W/P) = 0.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

  -1.00

  -0.50

  0.00

  0.50

  1.00

0  

10  

20  

30  

40  

50  

60  

  P
IS

F 
 

  A: Abrasive %    C: Abrasive Quantity  

Design-Expert® Software
Factor Coding: Actual
PISF

Design points  above predicted value
Design points  below predicted value
60.6

3.9

X1 = A: Abrasive %
X2 = D: Speed(Magnet)

Actual Factors
B: Mesh No. = 0.00
C: Abrasive Quantity  = 0.00
E: Speed(W/P) = 0.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

  -1.00

  -0.50

  0.00

  0.50

  1.00

0  

10  

20  

30  

40  

50  

60  

  P
IS

F 
 

  A: Abrasive %    D: Speed(Magnet)  

Design-Expert® Software
Factor Coding: Actual
PISF

Design points  above predicted value
Design points  below predicted value
60.6

3.9

X1 = A: Abrasive %
X2 = E: Speed(W/P)

Actual Factors
B: Mesh No. = 0.00
C: Abrasive Quantity  = 0.00
D: Speed(Magnet) = 0.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

  -1.00

  -0.50

  0.00

  0.50

  1.00

0  

10  

20  

30  

40  

50  

60  

  P
IS

F 
 

  A: Abrasive %    E: Speed(W/P)  

Design-Expert® Software
Factor Coding: Actual
PISF

Design points  above predicted value
Design points  below predicted value
60.6

3.9

X1 = C: Abrasive Quantity
X2 = D: Speed(Magnet)

Actual Factors
A: Abrasive % = 0.00
B: Mesh No. = 0.00
E: Speed(W/P) = 0.00

-1.00  

-0.50  

0.00  

0.50  

1.00  

  -1.00

  -0.50

  0.00

  0.50

  1.00

0  

10  

20  

30  

40  

50  

60  

  P
IS

F 
 

  C: Abrasive Quantity    D: Speed(Magnet)  

Table 1.  Experimental conditions. 
Input parameters Abrasive percentage Mesh No. Quantity (g) Speed magnet (rpm) Speed (W/P) (rpm) 
Coded A B C D E 
Response parameters PISF 
Machine time 60 min 
Material used Brass 
Lubricant Light oil (5% quantity of Abrasive) 
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Effect of interaction between Mesh No. and Speed 
(Magnet) on PISF: Figure 2e shows the effect of 
simultaneous variation between Mesh No. (B) and 
Magnet speed (D) on PISF. At lower level and higher 
level of Magnet speed the PISF, decreases with increase 
in Mesh No. and at lower and higher level of Mesh No., 
no change were occurred. 
 
Effect of interaction between Abrasive quantity and 
Speed (Magnet) on PISF: Figure 2f shows the effect of 
simultaneous variation between Abrasive quantity (A) 
and Magnet speed (D) on PISF. At lower level of Magnet 
speed no change were occurred with change in abrasive 
quantity on the PISF and at higher level on magnet 
speed the PISF decreased with increased in abrasive 
quantity. 
 

Fig. 2f. Effect of interaction between Abrasive quantity 
and Speed (Magnet) on PISF. 

 
 
Conclusion 
The following conclusive points are derived from the 
present study: 
1. The PISF increased as the Abrasive percentage 

increases. 
2. There is a significant effect of interaction of Mesh size 

and speed of poles on PISF. 
3. There is a significant effect of interaction of Abrasive 

percentage and speed of poles on PISF. 
4. The magnetic field has a predominant effect on the 

percentage improvement in surface finish. 
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