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Abstract An analytical model is proposed to simulate and
predict the surface roughness for different machining
conditions in abrasive flow machining (AFM). The
kinematic analysis is used to model the interaction between
grain and workpiece. Fundamental AFM parameters, such
as the grain size, grain concentration, active grain density,
grain spacing, forces on the grain, initial topography, and
initial surface finish (Ra value) of the workpiece are used to
describe the grain-workpiece interaction. The AFM pro-
cess is studied under a systematic variation of grain size,
grain concentration and extrusion pressure with initial
surface finish of the workpiece. Simulation results show
that the proposed model gives results that are consistent
with experimental results.

Keywords Active grain density . Forces on a grain . Grain
spacing . Initial surface finish . Initial topography

Abbreviations A: Projected area of contact between the
workpiece and abrasive grain, mm2 . A1: Area of the
cylindrical workpiece in contact with the medium, mm2 .
A2: Area of cuboidal element from any section of medium,
mm2 . A3, A4, A5, A6, A7: Areas of peaks and valleys on an
assumed surface, mm2 . ā: Effective grain spacing, mm .
b: Diameter of projected area of a grain in contact with
the workpiece, mm . b̄: Mean diameter of projected area of
grain (= mean width of cutting edge), mm . C: Percent
abrasive concentration . D: Diameter of a cylindrical
workpiece, mm . dg: Diameter of the abrasive grain, mm .

d 0: Depth of indentation by a grain according to Hertz
theory, mm . d 00: Depth upto which material is displaced
from a triangular peak after one pass, mm . Em: Modulus
of elasticity of workpiece material, N/mm2 . Fng: Radial
force on a single grain during AFM, N . Fam: Measured
axial force on the cylindrical workpiece during AFM, N .
G: Volume ratio of the abrasive grain in medium .
G1: Volume of groove produced by a single grain (Fig. 4),
mm3 . G2: Volume of side flown material from the groove
produced by a single grain (Fig. 4), mm3 . ht: Depth of
indentation of a cutting tip inside the workpiece, mm .
ht1, ht2, ht3, ...htns: Depth of indentation of cutting tips
inside the workpiece by grain 1, 2, 3, ....ns (Fig. 2). .
i: Number of pass . L: Sampling length of an assumed
surface, mm . l: Length of the cylindrical workpiece, mm .
lt: Base length of the assumed equilateral triangular profile
of the workpiece surface, mm . l 0: Assumed length on the
medium surface, mm . lm: Length of the medium slug
passed in one stroke through the workpiece,mm . ls: Length
of stroke in medium cylinder, mm . Me: Grain mesh
number . m: Total number of cutting edges on the l′ length
of the strip on the medium surface . N: Total number of
grains in cuboidal element from any section of the medium
(Fig. 3) . Pe: Applied extrusion pressure to medium, MPa .
n: Number of grains per unit area . n1: Number of active
grains per unit area on the medium . na: Total number of
active grains on the whole cylindrical workpiece surface
area in contact with the medium . ns: Average number of
grains in one line over the total length of the medium
passed in one stroke (=ls) . nmv: Active grain density by
multivariable model . pi: Indenting force acting on ith
cutting grain (Fig. 2), N . R: Radius of grain, mm . Rt: Tip
radius of the grain (= radius of the grain), mm . Ra: Center
line average (CLA) value of surface roughness, μm .
Ra(new): New CLA value of surface roughness after
machining, μm . rcy: Radius of medium cylinder, mm .
rw: Radius of cylindrical workpiece, mm . V: Volume of the
cuboidal element, mm3 . w̄: Mean spacing between the
grains (or side of a square area assumed to have only one
active grain), mm . x, y: Width of the sides of a cuboid
(Fig. 3) . σ: Flow stress of workpiece material, N/mm2
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1 Introduction

Abrasive flow machining (AFM) is a non-traditional
finishing process that performs critical deburring and
polishing operation by forcing abrasive-laden viscoelastic
putty across the workpiece surface [1, 2]. In AFM, two
vertically opposed cylinders (Fig. 1) extrude medium back
and forth through passages formed between the workpiece
and tooling. The process parameters that have a large impact
on the AFM performance are the number of cycles,
extrusion pressure, grit concentration and size, and fixture
design. AFM is employed in aerospace, automotive, semi-
conductor, and medical components industries. Because of
its inherent characteristics, AFM can be integrated with the
overall manufacturing system to replace high cost manual
finishing operations [2]. To advance the understanding of
complex process it is often necessary to construct a simple
model, experimental or mathematical, in which the
variables can be changed in an orderly fashion and their
effects can be analysed. The model, in general, provides the
information, which gives an insight into the nature of
phenomenon occurring in the real life situation. In the case
of grinding, there have been many attempts in the past to
model the surface generated using statistical approaches [3].

Yoshikawa and Sata [4] simulated the grinding process
by the Monte Carlo method. Law and Wu [5] developed a
grinding model in terms of grains distribution on the
abrasive wheel and kinematic grinding conditions. Hamed
et al. [6] applied an approach to generate random surfaces

by computer simulation which involves the use of a series
of ‘unit events’ to produce a surface profile. The work
confirmed that the engineering surfaces could be described
statistically by a profile having ordinate heights with a
Gaussian distribution together with a form of exponential
autocorrelation function. Abrahamson et al. [7] showed the
effect of initial surface finish on the wear of sliding
surfaces. Jain and Jain [8] analyzed and simulated the
profile of the finished surface by the interaction of abrasive
grains with the workpiece in abrasive flow machining
process. Pandey et al. [9] proposed the equation to estimate
the center line average value of a parabolic profile. Spurr
[10] also gave the equation that estimates the C.L.A.
surface roughness value of metals after they have been slid
against various grades of abrasive paper and confirmed it
experimentally. Dowson and Whomes [11] reported that
the inclusion of roughness in the analysis inevitably
introduces difficulty in mathematical representation of the
surface topography. The surface cannot be described
exactly by a simple equation, nor can it be considered
entirely random in nature. Any model of the surface will
therefore be an approximation. As reported in reference
[12], the asperities distributed over a machined surface
could generally be assumed to be of conical protuberances.
Tsuwa [13] reported a simple concept of probability to find
out effective spacing between the cutting edges in the
grinding wheel. Jain et al. [14] developed a surface
roughness model of the workpiece, which has uniform
profile without statistical distribution. They observed that
surface roughness value decreases with an increase in
piston velocity, piston pressure, percentage concentration
of abrasives and grain mesh size for a specified number of
cycles. After a certain value of velocity and pressure,
surface roughness starts deteriorating due to an increase in
depth of indentation.

The approaches discussed above [7–14], can be applied
to model the surface roughness obtained in abrasive flow
machining process with certain modifications depending
upon the AFM conditions. However, it is assumed that
there exists similarity in distribution of abrasive particles in
grinding wheel and in medium of AFM. The difference is
that in grinding wheel the medium is rigid while in AFM it
is flexible having low bonding strength. The study of
surface roughness in abrasive flow machining is compli-
cated due to the random nature of the abrasive grain
distribution into putty, and very low depth of indentation of
abrasive grain and hence minute scale of metal deforma-
tion. It is difficult to predict the surface roughness in a
deterministic way. However, it can be approximately
determined by considering the interaction of a single
grain with assumed single equilateral triangular profile of
the surface of the workpiece, by mathematical simulation
on computer. The surface roughness in AFM is the total
outcome due to a large number of grains running in a single
row and interacting with the workpiece. By simulating
these individual events, it is possible to predict the surface
roughness value (Ra). To implement the same, it requires
the information about the topography of the AFM medium
and the kinematics of the AFM process.

Fig. 1 Schematic diagram of experimental set-up. 1-Hydraulic oil
inlet, 2-Hydraulic cylinder, 3-Medium cylinder, 4-Smooth entry
profile, 5-Top cover plate, 6-Dynamometer, 7-Central hub, 8-Split
cylindrical fixture with workpiece, 9-Bottom cover plate, 10-
Support frame, 11-Hydraulic oil outlet, 12-Medium with abrasive
particles
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It is concluded [15] that in AFM the mechanics of
material removal is rubbing and plowing under the
prescribed machining conditions. To draw any conclusion
only based on the experimentation may not be enough.
Therefore to validate our experimental results, the present
paper proposes a simple analytical model, which can
predict the surface roughness (Ra value) when interaction
between a single spherical abrasive grain and assumed
equilateral triangular peaks of the workpiece profile takes
place. The analytical model consists of three parts, namely,
prediction of (i) active grains density, (ii) forces on a single
grain, and (iii) surface roughness value. These responses
have been compared with the experimental results. The
analytical model enables to predict Ra value of the
machined surface in terms of abrasive grain size, normal
and axial forces acting on the workpiece, percentage
abrasive concentration, properties of the workpiece mate-
rial, initial Ra value, and passage dimensions of the
geometry through which medium flows (diameter and
length of the cylindrical workpiece).

2 Prediction of active grain density

In abrasive flow machining, the number of active grains
can be estimated analytically in terms of the process
parameters. The model of active grains is proposed from
the work of Tanka and Ikawa [16] with a few modifica-
tions. It is assumed that there exists similarity in distribu-
tion of abrasive particles in grinding wheel and abrasive
particles in medium used in AFM. The difference is that in
grinding wheel the medium is a rigid body while in AFM it
is a flexible viscoelastic putty. Following are the assump-
tions made to simplify the model (Fig. 2).

(1) Fracture and wear of the abrasive grains do not occur
and there is no relative displacement between the
grains in the medium especially in the finishing zone.

(2) Each of the grains has only one spherical cutting tip
and each grain is very small in size, i.e., the number of
cutting tips per unit area is equal to the number of

grains per unit area on any section of the medium. Tip
radius, Rt ¼ dg

�
2 (dg is grain diameter).

(3) In AFM, active grains are in contact with the
workpiece under a pressure equal to the flow stress
of the workpiece material.

(4) It is assumed that the penetration depth of the cutting
tips (ht) is distributed in the (discrete) steps of ht in
between zero and dg

2 (=Rt) as shown in Fig. 2. The tip
height can be estimated [16] as,

ht ¼ dg
2nA1

(1)

where ht=height of the cutting tip, A1=area of the
internal surface of the cylindrical workpiece, and
n=number of grains per unit area.

Let the measured axial force exerted on the workpiece by
the grains through the medium be given by Fam. When the
medium slides over the workpiece surface then at that time
Fam can be expressed as

Fam ¼
Xna
i¼1

pi; (2)

where, pi is the force acting on the ith grain. Total indenting
force by the na total number of active grains (on the whole
cylindrical workpiece surface area in contact with the
medium) can also be evaluated theoretically [16] if the flow
stress (σ) of the workpiece material is known as,

Fam ¼
Xna
i¼1

pi ¼ 1

2
π Rt σ ht n

2
a (3)

where, Rt is tip radius of the grain (= radius of the grain),
and ht is depth of indentation of the cutting tip inside the
workpiece surface.

Fig. 2 Model of a part of the
medium scratching the work-
piece by spherical tips
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Therefore, using Eq. 3, the number of the active grains in
contact with the cylindrical workpiece surface area (over
the cylindrical medium slug) is,

na ¼ 2� Fam

π σ Rt ht

� �1
2
: (4)

Since it is assumed that the number of cutting tips (n′) is
equal to the number of grains (n) on any section, the
number of grains per unit area on any section can be
evaluated as follows:

Consider a cuboidal element within the medium as
shown in Fig. 3, having the width of the cuboide as equal to
the diameter of the grain (dg).

Then the volume of the cuboidal element (V) is given by,

V ¼ A2 � dg (5)

where, A2 is the surface area of the cuboidal element.

If the total number of grains in a cuboid is N, then
number of grains per unit area (n) will be,

n ¼ N

A2
: (6)

Volume ratio (G) of the abrasive grains in the medium
(cuboidal element) is defined as a ratio of the volume of the
abrasive particles to the total volume of the cuboidal
element.

Therefore,

G ¼ N � πd3g
6

A2 � dg
;

N

A2
¼ n ¼ 6� G

π� d2g
: (7)

Using Eq. 1 and Eq. 7,

ht ¼ dg
2nA1

¼ dg
2� 6�G

π�d2g
� A1

¼ π� d3g
12� G� A1

: (8)

Thus, the total number of active grains (na) present in a
cylindrical workpiece can be obtained as follows by using
Eqs. 4 and 8.

na ¼ 48FamGA1

π2σd4g

" #1
2

(9)

As the total area of split cylindrical wokpiece is πDl, the
active grains per unit area on the medium surface (n1) are
obtained as

n1 ¼ na
π D l

: (10)

A multivariable model is developed using available
experimental data of active grains density. This model
represents the active grains density in terms of extrusion
pressure (Pe) and percentage abrasive concentration (C) as
follows.

nmv ¼ 10:811� P0:628
e � C3:325 (11)

Active grain density obtained from above theoretical
model (Eq. 10) and multivariable regression model (Eq. 11)
are compared with experimental results for the different
experimental conditions (Fig. 11 and Fig. 12). The
difference between the experimental and theoretical values
seems to be due to the several assumptions made during the
development of the model. In Fig. 12, active grain density
is calculated by theoretical model only for 60% abrasive
concentration. Theoretical active grain density for 50% and
55% abrasive concentration could not be calculated due to
the insufficient measured axial force data available at these
concentrations.

3 Prediction of radial forces

The force on a single grain in AFM should be known to
model the AFM process mechanism of material removal.
The depth of indentation of an abrasive grain into the
workpiece material depends on the forces on it as discussed
in reference [15]. The radial force acting on a single grain is

Fig. 3 Element of the medium
having side face width equal
to dg
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responsible for its penetration into the workpiece and it can
be estimated as,

Fng ¼ σ� A

Fng ¼ σ� π� b

2

� �2

(12)

where, A= projected area of contact between the workpiece
material and abrasive grain, and b is the diameter of the
projected area (Fig. 4).

Using Hertz theory [17], the depth of indentation d′ of an
abrasive grain in the workpiece during AFM can be
estimated from Fig. 4,

d 0 ¼ 1:550
3

ffiffiffiffiffiffiffiffiffiffiffi
F2
ng

2RE2
m

s
(13)

where, Em=modulus of elasticity of workpiece material,
N/mm2.

4 Prediction of surface roughness

Using the force acting on a single grain (Eq. 12) and depth
of indentation by a single grain (Eq. 13) as discussed in the
preceding section, the material removal from the workpiece
by each grain in each cycle can be evaluated. Then after,
the surface roughness can be theoretically estimated as
discussed in the following section.

The surface roughness model presented here is based on
the following simplified assumptions:

1. It is considered that the diameter of all the grains is the
same. Let the diameter of a representative grain be dg
(mm), then, from a given mesh size, it is estimated
from the relation dg ¼ 28�

M1:1
e

, where Me is the mesh

number [18].

2. The shape of an abrasive grain is approximated as a
sphere, and not composed of acute cutting edges [19].

3. The path traced by an individual grain is a straight line,
and there is no elastic deflection of grain into the
medium.

4. During interaction between abrasive grain and work-
piece, the material from the workpiece is displaced as a
side pile-up. This assumption is supported by the
scratching experiment [15] results.

5. The material from the peak of the profile is being
removed in the form of side pile-up, and this piled up
material gets filled on both sides in the valleys of the
surface profile and results in deceptive improvement of
surface roughness. In other words, material removal is
assumed as 100% plowing. However, in actual practice
it may not be so.

6. All active abrasive grains are achieving the same depth
of indentation.

7. The initial workpiece surface profile is considered as
an equilateral triangular in shape. However, in actual
practice they are non-uniform non-equilateral triangu-
lar in shape.

As the spherical grain (assumed rigid) moves over the
surface of the workpiece, the grain penetrates to a depth
(d 0), the material in front of it gets deformed by shear and
flows to the sides. For the case of pure plowing, no material
is removed by chipping but it is only displaced to the side
as shown in Fig. 4. In this case, it is assumed that
G2=0.5×G1.

Fig. 6 Calculation of effective
grain spacing

Fig. 4 Sphere indenting a plane surface elastically with side pile up
material

Fig. 5 A view of medium surface having active and inactive grains
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5 Effective grain spacing

It is assumed that all the grains are uniformly distributed
and located at equal distances in all directions from its
neighbors. Let a unit area on the medium surface has n1
number of active grains which can be estimated by Eq. 10.
Then, the average area occupied by one active grain will be
(1/n1). If we assume that this area is a square shape then the
side of the square (or mean spacing) w�ð Þ between the grains
is given by Eq. 14, Fig. 5 [13].

w ¼ 1=n1ð Þ
1
2 (14)

Let us consider a strip of medium having width w and
length l0 (Fig. 6), passing over the workpiece surface.
Suppose there are m number of active abrasive grains on
this strip. Each abrasive grain will have a different diameter
of indentation (=b) formed on the workpiece. However, to
calculate an average grain spacing on this strip, the mean
indentation diameter is taken as b .

The probability of an arbitrary straight line A−A0 (Fig. 6)
to meet an abrasive grain (or edge) within this straight line
(A−A0) is b

�
w . If the grains are equally spaced, then the

average grain spacing að Þ can be expressed by

a¼l 0
�

m� b
�
w

� �
(15)

where, m is total number of cutting edges (or active grains)
on the l 0 length of the strip of the medium.

Then, the number of active grains on this strip are given
by

m ¼ l 0=w: (16)

If Eq. 16 is substituted in Eq. 15, then the average
spacing between the grains is given by:

a ¼ w2
�
b: (17)

The length of the medium slug (lm) passed in one stroke
over the workpiece surface is evaluated from the volume
constancy criterion as,

lm ¼ πr2cyls
πr2w

(18)

where, rcy=radius of medium cylinder, ls=length of stroke,
and rw=radius of cylindrical workpiece.

The average number of grains (ns) in one line over the
total length of the medium slug,

ns ¼ lm
a
: (19)

Fig. 7 Assumed initial surface topography of a workpiece

Fig. 8 Representation of methodology for evaluation of Ra value

Fig. 9 Equilateral triangle

Fig. 10 Changing of mean surface
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6 Evaluation of Ra for the case of ploughing as the mode
of material removal

It is assumed that the initial surface profile of workpiece
consists of equilateral triangles (Fig. 7). The material
removed by a single grain over a single equilateral triangle
peak can be evaluated as follows.

Let us assume that in one stroke, ns number of grains
pass over one equilateral triangle peak, and each grain
penetrates upto the depth equal to d 0. Then the depth (d 00)
upto which the material is removed in one stroke over the
triangular peak is given by

d 00 ¼ ns � d 0 (20)

From Fig. 8, Ra can be defined as,

Ra ¼ 1

L

ZL

0

yj j dx ¼ A3 þ A4 þ A5 þ ::::::::::An

L
(21)

where, L is sampling length, and A3, A4,......, An are the areas.

Since we are assuming that the initial work surface
profile is an equilateral triangle and one such triangle is

Table 1 Data used during theoretical analysis

Workpiece material Mild steel

Flow pressure of workpiece
material

304.1 N/mm2 [22]

Modulus of elasticity of
workpiece material

202086 N/mm2 [22]

Density of silicon carbide abrasive 3220×10−9 kg/mm3 [18]
Density of silly putty 1.14×10−6 kg/mm3 [23]
Cylindrical workpiece dimensions Diameter (D)=30 mm, Length

(l)=47 mm.
Medium cylinder dimensions Radius of medium cylinder

(rcy)=43.5 mm
Average length of stroke 34.5 mm
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Fig. 11 Variation of active grain density with extrusion pressure.
Experimental conditions: abrasive grain size=80; abrasive concen-
tration=60%
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Fig. 13 Variation of percentage reduction in Ra with abrasive
percent concentration. Experimental conditions: abrasive mesh
size=80; extrusion pressure=6 MPa
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Fig. 12 Variation of active grain density with percent abrasive
concentration. Experimental conditions: abrasive mesh size=80,
extrusion pressure=6 MPa
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shown in Fig. 9. Let the base length of this equilateral
triangle be lt. If we consider the triangles ΔBDD 0 and
ΔCEE 0 as the valleys and ΔDAE as the hill (peak) for a
single triangle then the initial center line average (Ra) value
of this equilateral triangular surface without any material
removal from the peak can be estimated as,

¼ area of ΔBDD 0 þ area of ΔDAE þ area of ΔCEE 0

lt

¼ Ra ¼ lt
ffiffiffi
3

p

8
:

Hence,

lt ¼ 8 Raffiffiffi
3

p
� �

: (22)

It is assumed that the removed material is being filled
equally on both sides in the nearest valleys to the same
depth (d” ) or height as shown in Fig. 10. After one pass the

40 45 50 55 60
0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

 Initial Ra

 Experimental Ra

 Theoretical Model Ra

R
a v

al
ue

, (
m

ic
ro

n)

Percent  abrasive  concentration

Fig. 14 Variation of surface
roughness Ra value with percent
abrasive concentration. Experi-
mental conditions: abrasive
mesh size=220; extrusion
pressure=6 MPa
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Fig. 15 Variation of surface
roughness Ra value with extru-
sion pressure. Experimental
conditions: abrasive grain
size=80; abrasive concentra-
tion=60%
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new surface becomes trapezium (Fig. 10). Its new surface
roughness value (Ra) can be estimated as,

RaðnewÞ ¼ 2 area of trapeziun D 0E 0S 0P 0ð Þ
lt

¼ lt
ffiffiffi
3

p

8
� 2 d

0 02

lt
ffiffiffi
3

p :

(23)

Therefore, after completing i - number of passes the new
Ra value can be estimated [21] as,

RaðnewÞ ¼ lt
ffiffiffi
3

p

8
� 2 i� d00ð Þ2

lt
ffiffiffi
3

p : (24)

Using the above analysis, the Ra value after i number of
passes can be estimated for the case of equilateral triangular
profile of the work surface.

7 Experimentation

Machining experiments are carried out on an AFM
machine using mild steel as the workpiece material. The
medium is a mixture of silly putty and silicon carbide
abrasive particles. The experiments are conducted for
various sets of process variables, i.e., extrusion pressure,
abrasive mesh size, abrasive concentration, and initial
workpiece roughness. For performing these experiments,
compositions of two different abrasive mesh size (80 and
220) and different abrasive concentrations (40 to 60%) are
prepared. The ranges for extrusion pressure and initial Ra

value are chosen as 4 to 8 MPa and 0.7 to 0.9 μm,
respectively. In these experiments, the effects of various

process parameters on surface roughness (Ra) are studied.
Average percent reduction in Ra value, over test duration
(=22 number of cycles) are also estimated. Active grain
density is measured for 80-mesh grain size. Data used for
the theoretical analysis are listed in Table 1.

8 Result and discussion

8.1 Active grain density

Experimental value of average active grain density is
approximately directly proportional to the extrusion pres-
sure up to 7 MPa extrusion pressure (Fig. 11) beyond
which it starts declining. However, the theoretical value of
active grain density is almost directly proportional to the
extrusion pressure Fig. 11, and a similar trend is followed
by multivariable model value (Eq. 11). Range (min. &
max.) of the experimental data for active grain density is
also plotted. In some cases, the variation in minimum and
maximum values is high while in other cases it is low.
These ranges show that there may be a chance of human
error in counting the active grains in a unit area. It is also
clear that both the models (theoretical and multivariable)
are unable to capture the declining trend being exhibited by
the experimental values. Secondly, the difference between
the theoretical model values and experimental values is
comparatively high.

Figure 12 shows that the active grain density (experi-
mental, theoretical model, multivariable model) increases
with increase in percent abrasive concentration. The
experimental value is higher than the theoretical one. The
values for other concentrations (except 60 %) could not be
calculated using theoretical model due to the available
insufficient experimental data.
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Fig. 16 Variation of percent reduction in Ra surface roughness with
percent abrasive concentration. Experimental conditions: abrasive
grain size=220; extrusion pressure=6 MPa
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Fig. 17 Variation of percent reduction in Ra surface roughness with
extrusion pressure, Experimental conditions: abrasive grain size=80;
abrasive concentration=60%
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9 Surface roughness Ra value

The percent reduction in Ra value is also increased with an
increase in percent abrasive concentration (Fig. 13). It is so
because the active grains density is also increasing with an
increase in percent abrasive concentration (Fig. 12). The
experimental results have been compared with the results
computed using the theoretical model. Figures 14 and 15
show the variation in surface roughness with the change in
percent abrasive concentration and extrusion pressure
respectively. The variation pattern of experimental, and
theoretical models in Figs. 14 and 15 are the same as
variation pattern of initial Ra.

It is observed that with the increase in extrusion pressure
and abrasive concentration a greater number of active
grains (Figs. 11 and 12) come in contact with the
workpiece. Therefore, in experiments and in theoretical
model, the percentage reduction in Ra increases with
increase in percent abrasive concentration and extrusion
pressure (Figs. 16 and 17).

It is concluded in reference [15] that rubbing and
plowing are the possible mechanisms of surface finish. On
that basis we had assumed in theoretical model that due to
plowing the valleys of the surface profile are being filled by
material displaced from the peaks of the surface profile.
This assumption seems to be valid when looking over the
variation patterns of Ra in Figs. 14 and 15. Whatever is the
initial Ra variation pattern before experiments the same is
being followed by the final Ra achieved after experiments.

10 Conclusion

Based on the findings reported in this work, it is concluded
that active grain density during the AFM process increases
with an increase in extrusion pressure and percent abrasive
concentration in the medium. This results in an increase in
percent reduction in Ra value. Initial Ra of the workpiece is
found to be an important parameter in AFM. Center line
average Ra value after the AFM process can be predicted
by considering the change in Ra value of an equilateral
triangle as the initial surface profile of the workpiece.
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