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work piece top surface. Mulik and Pandey [6] determined the
effect of process variables on the surface finish obtained
during the MAF process using unbounded Fe + SiC magnetic
abrasive particles. Surface finish was evaluated the
considering the electromagnet rotation in the range of 180-450
rpm and magnetic flux density in the range of 0.02 -0.2T.
Srivastav and Komma [7] used thermal analysis of Magnetic
abrasive finishing process on the work piece in both transient
and steady condition. They took Magnetic stainless steel
(AISI-420) work piece as their work piece and the abrasive
particle used was chromium oxide abrasives of dimension 387
μm diameter they took magnetic flux density is of 1 Tesla and
the rotation given to the tool of 6 mm diameter, was 5835
rpm. Srivastav and Katiyar [8] did thermal simulation on
silicon nitride work piece and the temperature distribution of
the work tool interface was computed. Thermal analysis was
done for both steady and transient condition with the help of
ANSYS 15. Singh et all [9] studied the surface temperature
finishing surface of mild steel using abrasive finishing
process. L9 orthogonal Array was used with current,
Rotational speed, Abrasive weight and working gap as the
parameters. Fuzzy logic was also used to model the surface
temperature which was further validated. Li et all [10]
established a mathematical model of interface debonding and
proposed a surface modification method for filler particle
using silane coupling agent. they analysed the mechanism
between surface modified filler particle and the matrix and
determine the finishing effect of matrix. They concluded that
the surface treatments would improve the processing
capability of the viscoelastic magnetic abrasive tools. Li et all
[11] developed a finishing setup having new media for
finishing the rotatory surface ANSYS Maxwell was used to
determine the optimum angle between the poles and the
mathematical model was made to compute the MRR in which
pressure and velocity based on arced wear model. A MRR
computation model was made which predicted MRR as a
function of pole rotational speed, Magnetic flux density, cam
rotational speed and the ferromagnetic and abrasive particles’
diameter. The present scenario, abrasive flowing finishing,
grinding, abrasive brush deburring, magnetorheological
finishing, manual deburring etc. are broad name in term of
finishing but still they possess some limitations in finishing
quality and efficiency [12-13]. Li et all [14] proposed a new
viscoelastic magnetic Abrasive based on analysis of field
characteristic and existing finishing process. They also
discussed the motion locus of the abrasives. Mishra et all [15]
made a model of magnetic pressure and magnetic intensity

Abstract
The advancement of manufacturing technology give rise to
the development of various non-traditional machining
processes which have their specific applications. Magnetic
abrasive finishing is a non- traditional machining process
mainly developed to accomplish the finishing processes by
considering the magnetic effect into account. Various
ferromagnetic particles and viscous fluids are being used for
the purpose to provide a better finishing to the work piece. In
this paper a serious effort is made to study the distribution of
magnetic field intensity on the work piece along with the
computation of force and torque value experienced by the
ferromagnetic particle and abrasive particle also a plot of
variation of magnetic field intensity against the input current
is obtained using ANSYS Maxwell. The distribution of
various flow parameters is also studied by using ANSYS
Fluent 16. After going through the simulated result, it was
concluded that the suggested viscous fluid is suitable for the
process and an optimised value of parameters is required for
controlling the machining process.
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INTRODUCTION
Magnetic abrasive finishing involves introduction of magnetic
abrasive particle filled between the work piece and the
magnetic poles. In this process work piece is made one of the
pole with the magnet as another pole. This magnetic field
results in the alignment of magnetic particle thus making a
flexible magnetic abrasive brush
which behaves like a
multipoint cutting tool for finishing process. Shimamura et al.
[1] , [2] modelled and tested that magnetic abrasive particles
are subjected to the pressure for machining and that pressure
is a function of magnetic flux density, number of abrasive
particles and the permeability of abrasive medium. Fox et al
[3] observed that the magnetic force (function of the volume
and magnetic susceptibility of the ferrous particles in the
magnetic field, magnetic field intensity and the gradients at
the finishing area). Kim and Choi [4] mathematically
modelled the magnetic field gradient which resulted in the
attractive force between the machining pressure in air gap and
abrasives. Magnetic potential was computed using Maxwell‘s
equations and FEM by mathematical modelling by Gurvinder
and Yadav [5] which computed magnetic potential
distribution within the gap between tool bottom surface and
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and proposed a magnetic circuit for magnetic abrasive
finishing. The aim of the paper is to explore a viscoelastic
fluid which could be used in the Viscoelastic magnetic
abrasive finishing process so that the combination of magnetic
effect and machining may take place effectively. Thus, to
accomplish the purpose the authors decided to analyse the
solid model on ANSYS Maxwell for the magnetic effect and
ANSYS Fluent for the flow parameters.

MODELLING AND ANALYSIS
The setup is designed in such a way that the hollow work
piece is kept between the viscous fluid which is allowed to
reciprocate between the work piece by means of pressure
difference and the magnetic field is applied around the work
piece so the result combination of the two results in the
effective machining. The initial model is made on CREO 3.0
software which is exported to the Maxwell. The modal
consists of Iron particle which are surrounded by four abrasive
particles which are taken as alumina. The work piece taken is
of aluminium which support magnetic properties.

METHODOLOGY FOR VISCOELASTIC MAGNETIC ABRASIVE FINISHING PROCESS

Fig.1 Methodology of Viscoelastic Magnetic Abrasive Process
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Fig. 2 CREO Parametric Model Showing Exploded view of component of Set UP

The above figure shows the CREO model of the setup which
consist of the iron and Abrasive particles in the ratio of 4 to 1
according to diameter and also 4 abrasive particles associated
with each iron particle the transparent part represents the fluid
which has specific properties. Blue part is aluminium work
piece with magnet around the work piece touching the work
piece at two positions and current is supplied through 1 of
them. The viscoelastic fluid so chosen had the physical
properties which are viscosity as 0.789 Kg/m-s, density 1219
Kg/m3, Thermal conductivity 0.22 W/m-K and the specific
heat as 20.25 J/Kg-K. The setup is based on the mechanism
that the iron particle when comes in the influence of magnetic
field would hit the abrasive particle that would come in its
path and the abrasive would be directed towards the work
piece which would do the machining based on pressure
difference. For analysis of the magnetic field’s effect on the
work piece ANSYS Maxwell is used and the magnetic field is
produced by inducing the current in a strip cut through the
core which surround the work piece. This step was done
because the current can be given through the surfaces only.
Although the variation of current and the produced magnetic
field is plotted in the results and the value of current for the
analysis is 100 A.

Fig 3 Initial Setup Geometry in ANSYS Maxwell

The above figure represents the geometry of the modal used
for analysis of magnetic field. It consists of a magnet wrapped
around the hollow aluminium work piece which contains the
viscous fluid having iron particle and the abrasive particle.
Then a strip is cut using Boolean function in the magnet
around the work piece and then the excitation of 100 amperes
is applied on the strip. Since the current has the magnetic
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effect, it induces the magnetic field on the contact surface of
the work piece whose distribution would be discussed later in
the results. The next part is to check the flow parameters of
the Viscoelastic magnetic abrasive media for which the
authors used ANSYS Fluent, since there is a limitation of
software on simultaneous use of ANSYS Fluent and ANSYS
Maxwell so the work was done separately. Once the
Geometry is imported to the ANSYS Fluent and the pressure
difference is given to the fluid at the inlet and the outlet
condition. In this modal the number of abrasive particles is

increased to 3 and the abrasive particle are made 12 with 4
abrasive particles surrounding the particular iron particle. The
work piece is taken as aluminium and same viscous fluid is
used to the analysis with similar physical properties as used in
the ANSYS Maxwell. The shape of the mess was Hexagonal
and the total number of elements including all domains was
27260, with the size of 3X10 -003.The table for physical
properties is as follows which contains the physical and
magnetic property of various material used in the simulation
bot in the ANSYS Maxwell and in ANSYS Fluent.

Table 1. Property of Various Materials Used in Simulation
MATERIAL

TYPE

Viscous Fluid
Aluminium
Iron Particle
Alumina abrasives

Fluid
Solid
Solid
Solid

DENSITY
(Kg/m3)

VISCOSITY
(Kg/ m-s)

1219
2719

0.789

3950

SPECIFIC
HEAT
(J/Kg-K)
20.25
871
502.48
451

Relative
permeability
1.00000004
1.000021
4000

H = magnetic field strength at point

The basic generalised equations of Maxwell are [16]
⃗∇.𝐸⃗ =

THERMAL
CONDUCTIVITY
(W/ m-K)
0.22
202.4
16.27
12

ρ

∂H/∂x = gradients of magnetic field strength in the x
directions

ε0

⃗.𝐵
⃗=0
∇

∂H/∂y = gradients of magnetic field strength in the Y
directions

⃗

⃗∇.𝐸⃗ = -(𝜕𝐵)
̅
𝜕𝑡

The above equation are the basis of computation of force by
Ansys Maxwell Software and the value of force and torque is
computed and is discussed below in next section.

⃗

⃗.𝐵
⃗ = μ0𝐽 + μ0ε0(∂𝐸 )
∇
𝜕𝑡

For magneto statics problem
⃗.𝐵
⃗=0
∇

RESULTS AND DISCUSSION

⃗.𝐵
⃗ = μo𝐽 ̅
∇

The calculation of Magnetic field is done corresponding to
100 A by the software and the maximum value of magnetic
field was 1.5078 x 10-003 tesla. The magnetic force applied on
the iron particle is 5.1072 x10-007 N and that on abrasives is
3.0857 x10 -011 N while the torque on the iron particle is
1.6256 x 10 -010 Nm and that on the abrasive particle is 5.4168
x 10 -013 Nm.

The calculation for Force for magneto statics problem was
done by Singh and Jain and proposed following results in x
and y directions
∂H

𝐹𝑥=𝑉𝜒𝜇0

∂x
∂H

𝐹𝑦=𝑉𝜒𝜇0

∂y

Where
ε0 = permittivity of vacuum (F/m)
ρ = density (A/m2)
𝐸⃗ is electric field intensity (V/m)
⃗⃗⃗ = magnetic flux density (T)
𝐵
𝐽 = electric current density (A/m²)
μ0 = relative magnetic permeability in vacuum (Wb/(A-m))
𝜒 = susceptibility of Particle
Fig. 4 Magnetic field distribution on the work piece in
Maxwell software

V = volume of particle
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The above figure shows the distribution of the magnetic field
on the work piece when the current is supplied at the 100 A on
the work piece. results in the induction of magnetic field on
the work piece. In order to determine the flow parameters, the
geometry is imported to the ANSYS Fluent software where
the viscous fluid along with the iron particle and the abrasive
particle is reciprocated within the pressure difference of 20 to
40Mpa and the distribution of pressure is displayed on the
work piece

Fig. 7 Velocity Distribution over work piece

It is evident from the above figure that the velocity is
maximum in the areas where the abrasives are striking the
work piece surface. The next diagram shows the streamline
distribution on the work piece which shows machining of the
work piece.
Fig. 5 Pressure distribution on the work piece

The above figure shows a pressure of 23.83 MPa
corresponding to the reciprocation of the fluid within the work
piece between the specified pressure limit. The distribution is
in accordance with the pressure variation achieved in abrasive
flow machining bell Mouthing effect. [16].

Fig. 8 Streamline of the work piece

It can be concluded from the above figure that the streamline
is uniform and smooth which shows the uniform machining of
the work piece by the proposed viscoelastic fluids. It can be
seen that there is distribution of velocity over the internal
surface of the work piece which shows the material removal
and machining of the internal surface. The graph plotted
between the input current and the developed maximum field
intensity is shown below with magnetic field intensity on Y
axis and input current on the X axis. It can be seen the curve is
almost a straight line which shows that the current is
proportional to maximum magnetic field developed.

Fig. 6 Velocity on the Plane

The above figure shows the velocity distribution in-side the
working fluid. The plane was so selected that it covers the
entire longitudinal section of the cylinder. The velocity is
uniform through the length but at the entry of the work piece
it shows variations. It is evident from the figure that on the
work piece surface the velocity is maximum at the inlet side
this is because of bell mouthing phenomenon [16].
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PLOT 1 Current Vs Magnetic Field Intensity
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