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ABSTRACT

Abrasive flow machining (AFM) is a non-traditional machining process for the production of high quality

surface of inner profiles that are difficult to access & is used to deburr, remove recast layer &radius surfaces.
In this process material was removed by a grinding medium. The grinding medium consists of a semi-solid fluid made up of polymer,
gel and abrasives and Non Newtonian polymer. In this investigation the key parameters abrasive mesh size, abrasive concentration,
rotational speed of tooling rod and diameter of rod were varied to see their effects on material removal. Hybrid machining process
has been developed to enhance the rate of material removal. In this process, centrifugal force has been provided to grinding media by
rotating tool rod inside the workpiece causes effective MR. For this a set up has been developed. For experimental design L9 orthogo-

nal array based on taguchi method was used.

1 INTRODUCTION

The performance of any machining process is measured in
terms of material removal & surface quality produced. Con-
ventional process such as grinding, honing, lapping, buffing &
super finishing have been in used in many years for material
removal and finishing. However the uses of all these process-
es are limited to a restricted shape & geometry of work piece.
Abrasive flow machining (AFM) is a widely used non-conven-
tional machining process to achieve high material removal &
good surface quality (13). The ability of abrasive media used
in AFM to reach inaccessible areas to finish inner surfaces
makes this more effective than other advanced machining
processes. This process has found application in many areas
like aerospace, automobile, medical instruments, finishing of
industrial valves, mould and die making and semiconductor
equipments etc. The AFM used setup carried two vertically
opposite cylinders & in between these cylinders a fixture is
placed. The abrasive media moves back and forth through
the restricted passage in the fixture. The abrasive particles
in the media consist of cutting edge with different orienta-
tions, which helps in material removal. Different types of
abrasive grains like silicon carbide, aluminum oxide, boron
carbide and diamond powder are used. To increase the inter-
action between abrasive and work piece, a mechanism was
provided by attaching a D.C geared motor which provides ro-
tational motion to the tooling rod inside the work piece (11).
When the media was extruded, this media was acted upon a
centrifugal force which throws the abrasive particles on in-
ner surfaces of work piece with high velocity & more mate-
rial removes from the work piece (12). The dominant process
parameter is found to be abrasive concentration followed by
rotational speed of rod, abrasive grit size and diameter of
tool rod.

2. LITERATURE SURVEY

A number of cycles are required to achieve the material
removal. It has been reported in a number of studies Jain
et al.(1999); Shan H.S. et al.(1997); William R.E and Ra-
jurkar (1992); Przyklenk(1986) that abrasion was more
pronounced in some initial cycles. A linear dependence
between material removal and surface roughness versus
number of cycles was indicated within 1 to 8 cycles (1-4).
Williams and Rajurkar and Williams et. al. have investi-
gated that viscosity of the media is one of the significant
parameters of the AFM process. Keeping all other param-
eter constant, an increase in viscosity improves material
removal rate (5-6). Siwert noted that abrasive particle to
base material ratio (by weight) should vary from 4:1 to 1:4
with 1:1 as the most appropriate ratio. As the concentra-
tion of abrasive in the media increase, MR increases (7).

As the abrasive mesh size increases, the material removal
value decreases (8). To increase the performance of AFM,
magnetic field has been applied to the AFM process. The
magnetic field increase the no. of active abrasive grits tak-
ing parts in abrasion (9-10).Taguchi methods used by many
researchers for engineering analysis. This method employs
design of orthogonal array to compute the effect of process
parameters on material removal (11). Different shapes of
CFG rods also used to see their effect on ARa. The speed of
rotation of CFG rod has a major effect on material removal
(12-13).It was noted that that very little research work was
carried out for the basic mechanism of material deforma-
tion involved in the AFM process under widely varied ma-
chining conditions. It requires more research work towards
hybrid machining process by considering the advantages of
different machining process. This present paper was in-
tended to cover this need in area of advanced machining
process. Hence to study the effect of different process pa-
rameters on material removal of brass, a setup has been
designed & experiments were carried out to test the sig-
nificant effect.

3. EXPERIMENTAL SET-UP

Figure 1 shows the schematic diagram of hybrid abrasive
flow machining process. The abrasive media consist of
three parts: silicon based polymer, hydrocarbon gel, and
abrasive particles and non Newtonian liquid polymer. All
these constituents were mixed in equal proportion to form
the medium. The abrasive used in this study was alumin-
ium oxide (AlI203). The fixture used in this research was
made up of three parts as shown in fig 2.The CFG rod at-
tached with gears puts up between two idle gears. This
gear train was rotated by a mechanism provided by a dc
geared motor, bevel gear and shaft. The rotational speed
of CFG rod can be increase or decrease with the help of a
controller. The cylindrical workpiece and the CFG rod puts
up in between these parts. The media was extruded from
one cylinder to other cylinder through restricted passage
provided by fixture and CFG rod. The process was made
hybrid by providing a mechanism for produce centrifugal
force (12). The cylindrical work piece as shown in fig 3
was fitted between this CFG rod. This @ 12 x16-mm long
cylindrical workpiece initially drilled followed by boring
to 8.00+0.05mm as shown in fig 3. Initially the weight of
workpiece was measured & after experiment final weight
was measured. Before any measurement the workpiece
was cleaned by acetone properly. The difference was cal-
culated and analyzed. For experimental design L, (3*) or-
thogonal array based on taguchi method was adopted &
total 27 experiments are carried out.
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Figure 2 CFAAFM fixture parts

Figure 3 Workpiece Geometry

4. EXPERIMENTATION-WORK

For experimental analysis, L9 (3*4) orthogonal array based on
Taguchi methodology was adopted. Each parameter was stud-
ied at three levels. As MR is higher the better type quality char-
acteristics. So S/N ratio was calculated for this type as:

(%T__]HB =—10 log (MSD;z:)

Where 1 R 2

MSDip=— T (1/y7)
R,Z;

R = Number of repetitions, y = response value Analysis of vari-
ance (ANOVA), F-Test is performed. These test values indicated
the significant AFM parameters which affect MR.

4.1 PROCESS PARAMETERS:
The selected process parameters & their range is specified in
table 1 & other constant parameters are shown in table 2.

-é Parameter | Unit Levell Level2 Level3
>
w
Abrasive No.
G | Grit size (micron) 60(250) [100(150) |200(75)
Abrasive
C |[tomedia % by wt. | 1:1 1.15:1 1.3:1
ratio
Rotational
R |[speed of RPM 0 40 80
G rod
Diameter
D of CFG rod |mm 3.2 4.2 5.2

Table 1. Process parameters value at different level
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Sr.no. Process Parameters Range Unit

1 No. of cycle 6 No.

2 Extrusion pressure 4 N/mm2
3 Shape of CFG rod grzl?g ular |

4 Initial surface Ra 1.8-2.3 pum

5 Media flow volume 290 cm?

6 Fixture material Teflon  |-------
7 Polymer-Gel ratio 1:1 \%)e?ght
8 Temp. of media 32+2 °C

9 Reduction Ratio 095 |-

10 Work piece Material Brass | -----

Table 2. Constant process parameters and their value

4.2 EXPERIMENTAL DESIGN The scheme of experiments for the
setting of various parameters is as given in the Table3. R1, R2,
R3 represents response value for three repetitions of each trial.

Sr S/N
Xl |c R [D [R1 |R2 [R3 |0

1 60 |1 0 |32 |212 |18 2.09 |5.96

2 60 115 |40 |42 |332 |341 |3.82 |10.88

3 60 1.30 (80 |52 |6.01 |582 |531 |[15.10

4 100 |1 40 (5.2 248 [243 |241 |7.75

5 100 |1.15 |80 [3.2 (3.5 3.72 |3.82 |11.30

6 100 (130 |0 |4.2 [3.21 (3.09 ([3.22 |10.03

7 200 |1 80 |4.2 |2.01 (25 231 |7.03

8 200 |115 |0 |52 |195 |199 (189 |5.77

9 200 |1.30 |40 |3.2 |2.82 |295 |3.02 |9.33

TABLE 3: Orthogonal array L9 With experimental results of
various Response characteristics

The Material removal for s/n ratio & average value of raw data
at three levels L1, L2, L3 for each parameter shown in table 4.

G C R D

S/N |Raw |S/N |[Raw |S/N |Raw |S/N |Raw
data |data [data |data |data |data |data |data

L1 10.65 [3.74 | 691 |[224 |7.25 |237 (886 |287
L2 9.69 |3.10 (931 |3.05 |9.32 [2.96 [9.31 |299
L3 737 |238 (1148394 |[11.14(3.89 |9.54 |[3.37
L2-L1 [-096 |-65 |2.40 |0.81 |2.06 [0.59 [0.45 |0.12
L3-L2 |-2.32 |-72 |2.17 |0.89 [1.83 |0.93 [0.23 |0.38
DIFE. | 1.36 |-07|-23 | 0.08 [-.24 |0.34 |-0.22 | 0.26

LEVEL

TABLE 4. Main Effect (S/n & Raw data)

Where L1,L2 and L3 denotes the value of S/n & raw data at
levels 1,2 & 3 of parameters.L2-L1 is the main effect when the
corresponding parameter changes from level 1 to level 2. L3-L2
is the main effect when the corresponding parameter changes
from level 2 to level 3.
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4.3 DISCUSSION
4.3.1 ABRASIVE MESH SIZE

From the fig (a) it was deducted that as the mesh size
increases,material removal decreases. Because as mesh size in-
creases, size of particle decreases which equals finer materials
and more no. of finer grains removes lesser material. Because
with increase in mesh size (decrease in grain size) the depth
of penetration as well as width of penetration decrease. Hence
removes less material.
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a) Effect of abrasive size on S/N data & RAW data
4.3.2 ABRASIVE TO MEDIA RATIO

As the concentration of abrasive particles in the media
increases,viscosity of media increases. Now more no. of grains
available for machining. Only these grains are responsible for
material removal. When more no. of grains comes in contact
with workpiece, results in more MR.
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(b) Effect of abrasive conc.on S/N data & RAW data

4.3.3 RPM

As the RPM to CFG rod was given,the MR increase.because when
there was no movement of rod ,the abrasive particles moves
only due to extrusion pressure. But when RPM was given,the
rod rotates. It produce a centrifugal force on abrasive in all di-
rection which enhance the workpiece & abrasive interactions &
MR increases. As the speed of CFG rod increases, the velocity of
abrasive particles increases. Then they strikes on the workpiece
surface with higher force & as a result more amount of material
removal takes place.

(c) Effect of rotational speed on S/N data & RAW data

4.3.4 DIAMETER OF ROD

As the diameter of CFG rod increases,the gap between the work-
piece and rod decreases. Then cross-sectional area through
which medium was flowing decreaese & resistance to flow of
medium increases. It enhance the magnitude of normal force
acting on abrasive, which results in high depth of indentation.
Hence more MR occurs

P oonem o ¢
1]
(1
1Y

(d) Effect of diameter of rod on S/N data & RAW data.

5. ANALYSIS

To study the significance of the parameters, ANOVA was per-
formed. It was noted that % contribution of Abrasive to media
ratio was highest (38.55) followed by RPM (31.12), abrasive
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mesh size (24.75) & dia of CFG rod(3.56) . Also it was noted that
MR for raw data was highest at third level of abrasive concentra-
tion (C3), first level of abrasive size (G1), third level of RPM (R3)
& third level of dia of CFG rod (D3).
Table 5 Pooled Annova (RAW data)

Source SS daf |V F ratio P%
Abr size 8.36 2 48 110.45* 24.75
Abr conc. 13.02 2 6.51 |172.01* 38.55
RPM 10.51 2 525 |138.86* 31.12
Rod Dia 1.20 2 0.6 15.89* 3.56
Error 0.68 18 |0.4 2.02
Total 33.76 26 100

SS- Sum of square, df-degree of freedom, V-variance, SS’- pure
sum of square. *Significant at 95% confidence level, Fcritical =
3.4928.

5.1 CALCULATION OF OPTIMUM RESPONSE CHARACTERIS-
TICS:

The mean at the optimal MR was calculated as:
MR=G'1+C'3+R'3+D'3-2T"

T"= Overall mean of MR for raw data = 3.08 mg G'= Mean value
at 1%t level of Abrasive size = 3.74 mg C'= Mean value at 3™ level
of Abrasive conc. = 3.94 mg R'= Mean value at 3" level of RPM
=3.89 mg D'= Mean value at 3™ level of diameter = 3.37 mg
After calculation, we get MR =8.78 mg

The confidence interval of confirmation experiments (CI ) and

of population (CI,,) was calculated by using the following equa-
tions
[ F i1,1V,
Clg = [F{LE)V,|—+ Ll Clygy= =2
| lha RJ Vo

F _(1,f) =The F-ratio at the confidence level of (1-a) against DOF
1 and error degree of freedom f = 4.414 (Tabulated F value)
N=Total number of result = 27

V_=Error variance = 0.4 (Table 5)

R = Sample size for confirmation experiments =3
f =error DOF = 18 (Table 5)

N
1+ [DOF associated n theestimate mean response]

P

=3

neff
So, Cl, = + 1.085
And Cl,, = +0.767

The 95% confirmation interval of predicted optimal range (for
confirmation run of three experiments) is:

7.70< MR >9.87
The 95% confirmation interval of the predicted mean is:
8.01< MR >9.55

5.1 CONFIRMATION EXPERIMENTS

In order to confirm the results obtained, confirmation experi-
ments have been conducted for response characteristic of MR.
For the maximum MR, the optimal levels of the process param-
eters are G,C,R,D, It was noted that overall mean of observed
value lies within 95% of CI , of optimal range.
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5.2 CONCLUSION

The following conclusion can be notice from the results:

a. The abrasive concentration has highest contribution
(38.49%) towards MR.

b. The contribution of speed of CFG rod is 31.12%. As speed
increases, MR increases.

c. Abrasive size has (24.75%) contribution for improvement
rate of MR.

d. Diaof CFGrod is also significant and shows (3.56 %) contri-
bution MR.
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