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Abstract: The finishing characteristics of mechanically alloyed magnetic abrasives used in 

cylindrical magnetic abrasive finishing (MAF) are presented in this study. Mechanical alloying is a 

solid state powder processing technique, where the powder particles are subjected to impact by the 

balls in a high energy ball mill or attritor at room temperature. After the process, fine magnetic 

abrasives are obtained in which the abrasive particles are attached to the base metal matrix without 

any bonding material. The magnetic particle used in the magnetic abrasive production is iron 

powder and the abrasive is aluminium oxide. Magnetic abrasives play the role of cutting tools in 

MAF, which is emerging as an important non-conventional machining process. The experiments 

performed on stainless steel tubes examine the effects of varying the quantity of magnetic abrasives, 

magnetic flux density, speed of rotation of the workpiece and amount of lubricant. The surface 

roughness measurements demonstrate the effects of the abrasive behaviour on the surface 

modification. The surface roughness was analysed in terms of percentage improvement in surface 

finish (PISF). The obtained maximum PISF was 40 % and the minimum surface roughness was 

0.63 µm Ra. 
 

Introduction: Fine surface finish is in high demand in a wide spectrum of industrial applications, 

due to the development of manufacturing technology. The parts used in manufacturing 

semiconductors, atomic energy equipments, medical instruments and aerospace components which 

should have very precise surface roughness are difficult to polish by conventional finishing methods 

such as lapping and grinding because of their shapes [1, 2]. Magnetic field assisted machining 

processes are gaining importance in finishing, cleaning, deburring and burnishing of metals and 

advanced engineering materials [3]. MAF is one of the non conventional machining processes 

mentioned by Harry. P. Coats in a patent registered in 1938. This technology has been developed 

for finishing surfaces that are hard to reach by conventional techniques. The process can produce 

good surface quality of the order of few nanometers finish on flat as well as internal and external 

surfaces of cylindrical type workpieces [4, 5]. MAF has many advantages like self-sharpening, 

controllability and the finishing tool requires neither compensation nor dressing. 

 Producing Magnetic Abrasives: Various types of magnetic abrasives have been used in MAF. 

The sintered type abrasives have been used by most of the researchers due to its good finishing 

capabilities. The other techniques are based on adhesives, plasma spray & chemical reactions which 

give fairly good results [6]. One of the problems in under usage of the MAF process is that 

magnetic abrasives are not easily available, which makes the process costly. In this work magnetic 

abrasives are produced by mechanical alloying process. 

Mechanical alloying is a solid state powder processing technique which involves repeated welding, 

fracturing and rewelding of powder particles in a high energy ball mill or attritor at room 

temperature [7]. The fundamental concept for producing the magnetic abrasives by mechanical 

alloying is shown schematically in Fig. 1. It is the process in which fine grinding particles disperse 

on the surface of metal particles by the repetitive pressure welding without using any binder. 
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 The photograph of the attritor setup is shown in Fig.2. The parameters of mechanical alloying are 

given in Table 1. The resulting powder was subjected to magnetic separation test to ascertain the 

strength of alloying. About 5 gm of magnetic abrasive powder was spread on a sheet of paper and a 

permanent magnet was moved over the powder. Perfect alloying was observed, since no powder 

was left on the paper.  

 

 
 

 
Fig.1: Concept of mechanical alloying 

            for preparing magnetic abrasives 

 
 

Table 1: Parameters of Mechanical Alloying  

Type of 

mill 

High energy mill (Attritor) 

Milling 

atmosphere 

Air 

Milling 

temperature 

Room temperature 

Milling 

media 

High Carbon High Chromium 

steel balls of 6 mm diameter 

Powders Al2O3 (20% by volume):120 

[µm] 

Iron    (80% by volume): 120 

[µm] 

Speed of 

attritor 

250 [rpm] 

Ball to 

powder 

ratio 

5:1 

Alloying 

time 

180 [min] 

 

 

Fig. 2:  Attritor setup photograph 

 

 

Internal MAF Principles: The process principles of internal MAF are shown in Fig. 3. The 

magnetic abrasives are joined to each other magnetically between magnetic poles N and S along the 

lines of magnetic force, forming flexible magnetic abrasive brushes. When rotary motion is given to 

the workpiece, the material is removed from the inner surface of the tube by the magnetic abrasives 

due to the relative motion. The finishing force of the magnetic abrasive brush is controlled by the 

magnetic force acting on the magnetic abrasives [8]. 

 

Experimental setup: Fig. 4 shows the photograph of the experimental setup used in the present 

work. The cylindrical workpiece (SS 304 tube) was held in the chuck attached to the DC motor and 

the abrasives were packed in the tube. The magnetic field was applied to the abrasives by two 

electromagnets, one on each side of the workpiece. The magnetic field strength in the working zone 

can be varied by changing input current to the electromagnets. The gap between the workpiece and 

magnetic poles can be varied based on the outer diameter of the workpiece. The setup was 

developed locally in the laboratory. 
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Table 2 gives the experimental conditions used in MAF. The inner surface of SS 304 tube was 

cleaned thoroughly using acetone before and after polishing. The finishing characteristics of 

magnetic abrasives were analysed by measuring the surface roughness. The Ra value was found 

using AMBIOS XP200 stylus profilometer keeping sampling length of 5 mm. The Ra value was 

measured at 5 points along the length of tube. Percentage improvement in surface finish is defined 

as the ratio of (∆Ra x 100) and original surface finish. ∆Ra is the difference between the Ra values 

before MAF and after MAF. 

 

 

 

Fig. 3: Internal MAF principle 

 

 

Table 2: MAF experimental conditions 

Workpiece Commercially available SS304 tube of  

38 [mm] outer diameter & 1.5 [mm] 

thickness. 

Magnetic abrasives Al2O3 based mechanically alloyed 

magnetic abrasives (20% Al2O3 & 80% 

iron by volume) 

Lubricant Diesel 

Constant Parameters 

Pole-workpiece gap 1 [mm] 

Machining time 60 [min] 

Variable Parameters 

Quantity of 

magnetic abrasives 

5 to 20 [gm] 

Magnetic flux 

density 

0.1 to 0.4 [T] 

Workpiece rotation 

speed 

400 to 1000 [rpm] 

Lubricant 0 to 1.5 [gm]   

 

Results and Discussion: In the experiments, the parameters like pole-workpiece gap, polishing 

time and percentage of Al2O3 in iron powder were kept constant. The parameters like quantity of 

magnetic abrasives, magnetic flux density, workpiece rotation speed and amount of lubricant were 

varied to study their effects on PISF. 

Fig. 5 shows the effect of varying the quantity of magnetic abrasives on PISF. The PISF increases, 

when abrasive quantity is increased from 5 to 10 gm and then gradually decreases from 10 to 20 

gm. When abrasives are supplied excessively, they may fall off from the end portion of the flexible 

magnetic abrasive brush. Also they may show an excessive tumbling & the rotating motion. 

 
 

Fig. 4: MAF setup photograph 
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The effect of magnetic flux density on PISF is shown in Fig. 6. As magnetic flux density increase 

the PISF increases because of higher flux in a specified gap. With increase in magnetic flux density, 

strength and area of contact of the magnetic abrasive brush increases, resulting in greater number of 

indentations into the workpiece. Due to increased rigidity of the flexible brush, the cutting force 

increases and hence PISF value increases. 

 

From Fig. 7 it is evident that the PISF increases initially with speed but then decreases as speed 

goes beyond 600 rpm. When circumferential speed increases, the centrifugal force acting on the 

abrasive grains also increases which may result in ejection of grains from the working space, 

thereby decreasing the PISF. 

 

Fig. 8 shows the effect of varying lubricant quantity on PISF. Initially the PISF increased but with 

further addition of lubricant the PISF decreased. The excessive presence of lubricant might have 

resulted in the slurrification of the abrasives and they might have floated. Also the friction force 

was reduced as lubrication action actively occurred in the inner wall surface of the tube. Hence the 

surface no longer improved.  

 

  
Fig. 5: Abrasive quantity vs Surface finish 

            improvement in % 

Fig. 6: Magnetic flux density vs Surface 

           finish improvement in %  

 

  
Fig. 7: Speed of workpiece rotation vs  

           Surface finish improvement in % 

Fig. 8: Amount of lubricant vs Surface finish 

            improvement in % 
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 Conclusions: In the present work, a new method to produce magnetic abrasives by mechanical 

alloying has been proposed. It has resulted in simplification and economy of production. The 

feasibility of using mechanically alloyed Al2O3 based magnetic abrasives for the internal finishing 

of SS 304 tubes has been demonstrated. The study shows that an abrasive quantity of 10 gm and a 

lubricant amount of 0.5 gm can get a PISF of about 40%.   
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