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Abstract— The need of present industrial industries are 3-D 

component of complex shapes possessing extraordinary 

properties nano-Ievel surface finish and having miniature  

features because of development of new materials which are 

difficult to machine no traditional methods fulfill such 

demand. Precision finishing and machining complex 

geometry is difficult  to control, labour intensive and hence 

always a big concern, If traditional methods may use to 

achieve same needs it require large labour and expensive 

equipments which make the process economically 

unimportant. There are no traditional methods which meet 

such industrial demand, so to develop the some advanced 

manufacturing processes is of utmost importance of present 

manufacturing scenario. Some of advanced manufacturing 

processes like AJM, EDM. USM, LBM. And ECM are 

widely used to Machine such hard materials. Many new 

methods have been developed for obtaining super finished 

surfaces one of them is Magnetorheological Fluid Finishing 

(MRFF), In MRFF, the magnetic field controls the grinding 

force. The magnetic rheological fluid (MR fluid) governs 

the material removal and it is composed of mainly Carbonyl 

Iron particles (CIP). Carrier fluids, abrasives. Nano metric- 

scale finishing can be achieved by using this process. MR 

fluid acts as a flexible tool in the MRFF process to provide 

the finishing action. Here a setup for MRFF application has 

been developed using the pillar drilling machine available in 

the workshop. Using design of experiments technique. 

Experiments have been planned to be conducted and obtain 

the data required for statistical analysis in Minitab software. 

The present study shows that the maximum percentage of 

surface improvement is obtained in flat-Cu work piece. The 

parameters which play a major role in improvement of 

surface roughness are rotational speed. Magnetic poles 

arrangement, duration of experiment and MR fluid 

composition. The surface roughness improvement also 

depends on hardness and geometry of the work piece. In the 

present work experimental results are compared with 

experimental result and it is found that both come in micron 

range. 
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I. INTRODUCTION 

The field of Manufacturing Technology is developing at a 

tremendous pace. A product completion requires a proper 

surface finishing and this aspect of manufacturing has 

gained a lot of importance and demand over the years. Many 

technological developments and researches are being done 

and improvements have taken place to provide Super- 

smooth surfaces. Traditional finishing methods are not 

sufficient to meet the demand of achieving nano metric scale 

finishing in modern equipment and complex geometries. 

Several advanced finishing methods using 

abrasives have been developed by researchers. Yamaguchi 

and Shinmura used abrasives for internal Finishing of 

stainless steel tubes 1. This process had some drawbacks 

because of its non fluidic medium, due to which finishing 

was not possible in complex geometries. For complex 

geometries Abrasive Flow Machining process was 

developed.2.One of the methods which provide super-

smooth surface finish at Nano Metric scale is Magneto 

rheological Fluid Finishing (MRFF). It was developed by 

Jacobs and Kordonski.3.It was initially developed to polish 

optical lenses in sub nano metric range by using MR fluid 

.4.This process can be used in selectively finishing internal 

and external surfaces of workpiece. It can also work within 

some areas of interest which is not possible in case of 

conventional finishing processes. 

In the present study. MRFF finishing capabilities 

are studied. Force analysis is done and numerical analysis of 

how much roughness improvement is possible is calculated. 

CAD model of the MRFF setup is done. Mathematical 

model is developed for the system. Based on the model 

parameters which have major role in surface roughness 

improvement have been identified. The composition of MR 

Fluid is one of the important parameters. Thus different sets 

of composition ratios have been considered for performing 

experiments and comparing their respective improvement in 

surface roughness reduction. Surface roughness profiles 

have been generated before and after conducting of 

experiments and were compared. 

II. HISTORY AND BACKGROUND OF MRFF 

The need of present industrial industries is 3-D component 

of complex shapes possessing extraordinary properties. 

Nano level surface finish and having miniature features 

because of development of new materials which are difficult 

to machine. No traditional methods fulfill such demand. 

Traditional finishing methods like grinding. Honing. 

Lapping are used for micro-fabrication process to provide 

surface finishes. Precision finishing and machining complex 

geometry is difficult to control. Iabour intensive and hence 

always a big concern. if traditional methods are used to 

achieve the same. It would require large labour and 

expensive equipment which would make the process 

uneconomical. There are no traditional methods which meet 

such industrial demand so development of some advanced 

manufacturing processes is of utmost importance in the 

present manufacturing scenario. Some of the advanced 

manufacturing processes like AFM. AJM. EDM. USM. 

LBM, and ECM are widely used to machine such hard 

materials. 

In AFM. There are multiple cutting edges present 

which would give a better surface finish. There are 

limitations to this process also because of low material 
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removal rate, no control over the finishing forces, damaging 

the surface topography etc. in ease of AJM it is one of the 

processes to finish complex shaped internal geometry by 

using abrasive laden viscoelastic polymeric medium. 

However. AJM is manly suitable for brittle workpiece and 

also efficiency of the process mainly depends on rheological 

properties of polymeric medium. Precise control of finishing 

force is not possible in AJM. Hence, achieving close 

tolerance in fine finishing without damaging surface is quite 

difficult. 

To tackle these issues many improvements and 

developments took place in the advanced finishing 

processes. One such solution is to make use of the magneto 

rheological fluid in the finishing processes. This provides us 

the flexibility towards the process control and also prevents 

from damaging the surface topography. Thus almost all the 

modern advanced finishing processes make use of the 

magneto rheological fluid which externally controls the 

finishing process on abrasive particles. 

III. METHODOLOGY 

A. MRFF PROCESS 

In the experiment being conducted, the main point is to 

obtain a relative motion between the workpiece being used 

and the MR fluid. To obtain this, the workpiece which is 

dipped in a container containing the MR fluid is given a 

clockwise rotational motion and to increase the relative 

motion, the container which consists of magnets is given an 

anti-clockwise rotation. 

B. Materials and Methods 

The Components of MR fluid consists of CIP’s. Abrasive 

particles, a non magnetic carrier medium like Engine oil, 

and additives like Grease etc.’ the main component of the 

MR fluid which removes the material are the abrasive 

particles (SiC). These abrasive particles have multiple 

cutting edges which indents the required surface of the 

workpiece giving us the proper Finish, Even though the 

fluid consists of a large number of abrasive particles only a 

few of them take part in the material removal process. These 

are known as Active Abrasive particles. 

 
Fig. 1: Arrangement of Permanent Magnet 

The container containing the fluid consists of four 

permanent magnets arranged as shown in the figure. The 

Permanent magnet chosen for the experiment is Nd-Fe-

B.N42 grade .These 4 magnets generate a magnetic field. 

The MR fluid generally behaves like a Newtonian fluid, but 

due to its non-Newtonian behavior under an external 

magnetic field, its property changes to semisolid in nature. 

Pillar Drilling Machine is used to rotate the 

workpiece in the clockwise direction. This machine also acts 

as work fixture which provides the support and stability to 

the workpiece. The container is kept stable which holds the 

MR fluid. The Experimental setup is as shown in Fig. 

 
Fig. 2: schematic diagram of the MRFF setup 

The container is made of Wood due to its non-

magnetic nature. The workpiece is also of non magnetic 

nature (Brass or a copper-alloy). The hardness of the two 

workpieces were tested using the vickers Hardness tester. 

The readings of the hardness va1ue of copper and aluminum 

alloys are listed in the table below. 

Table: Hardness of cu and AL workpiece 

 

IV. EXPERIMENTAL SETUP 
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The container containing the fluid consists of four 

permanent magnets arranged as shown in the Figure. The 

Permanent magnet chosen for this experiment is Nd-Fe-B, 

N42 grade. These 4 magnets generate a magnetic held. Here, 

a setup for MRFF application has been developed using the 

pillar drilling machine available in the workshop. 

The MR fluid generally behaves like a Newtonian 

fluid. but due to its non-Newtonian behavior under an 

external magnetic held. its property changes to semisolid in 

nature. The preparation of MR fluid requires engine oil, 

grease abrasive of Silicon carbide aluminum oxide, and 

carbonyl iron particles. The magnetic rheological fluid (MR 

fluid) governs the material removal and it is composed of 

mainly Carbonyl Iron particles (CIP. carrier fluids, 

abrasives. Nano metric- scale finishing can he achieved by 

using this process. MR fluid acts as a flexible tool in the 

MRFF process to provide the Finishing action 

Pillar Drilling Machine is used to rotate the work 

piece in the clockwise direction. This machine also acts as 

work fixture which provides the support and stability to the 

work piece. The container is kept stable which holds the MR 

fluid. The Experimental setup is as shown in Fig .The 

container is made of Wood due to its non magnetic nature. 

The work piece is also of non-magnetic nature (Brass or a 

copper-alloy). The dimension of square shape hole made 

inside the wooden container is of side 4 inches and depth of 

6 inches. Thickness of vessel is 2 from top and 4 inches at 

base for stability. Alter making the container it is polished 

with non- magnetic paint to avoid leakage. It is clamped at 

base and properly fixed over base of pillar drilling machine. 

Then experiment is conducted for both the copper and 

aluminum work piece in the range of 500-1000 rpm for 

different-different abrasives. Magnetic field and mesh size 

of abrasive is kept constant during the experiments. Sum of 

Volume percent of engine oil and abrasive is kept constant 

equal to 65 percent and sum of volume percent of grease and 

CIP equal to 35% in each experiment The aim of experiment 

is to study the effects of various process parameters like 

rotational speed of work, time of finishing, shape of work, 

type of abrasive, percentage composition of CIP etc. on 

percentage improvement in R(a). value for copper and 

aluminum  work piece. 

V. THEORETICAL ANALYSIS 

When an external magnetic field is applied, the CIP particles 

form a chain Like structure along the lines of the magnetic 

force with the abrasive particles being embedded inside the 

CIPs chain, it is assumed that the CIPs and abrasive particles 

are spherical in shape It is found that the CIPs and abrasive 

particles form a BCC structure with the abrasive particles at 

the body centre and the CIP’s taking the corner position of 

the unit cell. The structure is as shown in Fig. 

 
Fig. 4: BCC Structure of Abrasive particles and CIP’s 

So, there are effectively one Abrasive Particle (SIC) and one 

CIP in each BCC cell. Let us assume that the volume 

concentration of abrasives for example is taken as 40% and 

that of CIP’s to be 60%.  

Let the radius of CIP be r2 = 7.5 Micrometer 

Density of Iron = 7874 kg/m^3 

From this volume ratio we can calculate r1 by 

 
r1 = Abrasive Grain Radius 

Now from the BCC structure as shown in fig. 

 
Now from these values we can calculate the total indentation 

force on work piece surface considering for a thickness of 

1mm due to an abrasive particle as 

 
On calculation we get 

 
Here indentation depth is(t) and is given by following 

equation 
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The change in slope (B/H) and the variation of magnetic 

flux density and magnetic flux intensity Magnetic Force 

evaluation: Let’s suppose the magnetic force acts on a small 

magnetic material of mass m at distance z. 

Then the magnetic force is that direction equals to 

 
The magnetic flux density plots will be discussed using a 

3D-design and simulation software named ANSYS.The total 

number of Abrasives which actively take part in the 

machining is given by 

Ng= Surface Area of the work piece/One Face area of the 

BCC structure 

A. SURFACE ROUGHNESS 

 

 
The surface roughness value can he calculated by using the 

peak heights before and after each stroke. 

Let H be the height after stroke and H be the height before 

the stroke, then 

 
 So after every stroke we have to calculate centre 

line average roughness value and the summation of all 

strokes gives the surface roughness value (R) 

 We can calculate the reduction in surface 

roughness value by considering the no. of abrasive particles 

passing through a grid point for a certain duration of time by 

the following formula. 

 

VI. RESULT AND DISCUSSION 

The experimental results in table are analyzed and it is 

found that shape of surface greatly affect the results; also the 

same abrasive may give the different results for different 

work piece. At given rpm and composition it has been seen 

that the surface gives better smoothness than cylindrical 

surface. Also (Al2o3) abrasive is more suitable for copper 

surface than aluminum. There exists an optimum time 

beyond which improvement in surface roughness is 

insignificant the effects of various parameters are shown in 

following plots. 

Plots for effect of process parameters over surface 

roughness improvement 

 
Fig. 6: Effect of work piece shapes over surface roughness 

for Cu work piece 
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Followings are the reasons for deviation in experimental 

result from theoretical results- 

 For theoretical findings abrasive and C1P particles are 

assumed spherical shape hut in actual it is not perfect 

spherical shape. 

 Magnetic field is taken a constant value for calculation 

and it is assumed it varies linearly. 

 The entire abrasive particle does not remove the 

material so for calculation a constant factor is 

multiplied to get active number of abrasive particle. 

 Measurement of surface roughness is taken at three 

points and average values arc compared with theoretical 

results. 

VII. CONCLUSION AND FUTURE WORK 

 MRFF process is capable of achieving mirror like 

finished surface in the nano metric range and very low 

surface roughness values when compared to AFM. 

 MRFF process is less efficient for finishing magnetic 

work pieces (EN-8) as compared to non-magnetic work 

pieces 

 The best possible arrangement of the magnets around 

the vessel to get uniform distribution of magnetic held 

intensity inside the vessel is at 90 degree of north-south 

pole combination. 

 The present study shows that the surface roughness 

improvement is dependent on the RPM. There is an 

increase in improvement of surface roughness value up 

to an optimum value and then decreases on further 

increase in RPM. 

 The surface roughness values are also dependent on the 

concentration ratio of the abrasives. As the abrasives 

concentration increases there is a rapid improvement in 

surface roughness values at the starting and then the 

improvement rate is lower. 

 The improvement in surface roughness values is higher 

in ca of flat surfaces when compared to cylindrical 

work piece surface. The possible reason is that flat 

surfaces provide obstruction to the how of abrasive 

particles and it may result in the self- sharpening effect. 

 The surface roughness improvement also depends on 

the work piece hardness. It is more in case of Copper 

when compared to aluminum. 

 The surface roughness improvement is almost 20% 

higher in case of SIC abrasives as compared to Al203 

abrasives. 

 The surface roughness improvement varies linearly with 

the duration of the finishing process. 
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