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ABSTRACT:In recent competitive environment there is a huge demand of products with high accuracy of dimensional
tolerances with less defects and better life cycle. Both of them can be achieved by using a better nano finishing
technique. This can be better achieved by a nonconventional process i.e Abrasive Flow Machining, which uses a semi
solid viscous media and pressurizes it to flow through the complex path. The abrasives in the media cause micro cutting
action and enhance the surface quality of the product. This method relies upon various parameters like pressure,
number of cycles, abrasive concentration etc. So focusing on different types of abrasives and work pieces is also a point
of concern for enhancing the surface quality of the product. This paper involves experimental observations supporting
optimization techniques to obtain better combinations of these parameters to enhance the material removal.
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1. INTRODUCTION

Inside the present competitive surroundings there may be need to broaden the components with excessive dimensional
accuracy, better life cycle and economic in cost. Abrasive flow machining is an unconventional technique used for
finishing of complicated geometries, tough to finish using any other conventional approach [1]. This technique uses a
non-Newtonian fluid to carry the abrasives for finishing. Media used in this manner has enough fluidity and viscous in
nature. The work of media with abrasive particles as a cutting tool in the finishing process. The material is removed in
form of small chips. Due to Industrial revolution, manual work has been replaced by machines in many of the industrial
processes. But there is increasing demands for improved surface finish, economic viability where our mechanical
systems are not fit. AFM method enhances the engine performance, life cycle and additionally improves the fatigue
strength of the product. This method is used for vehicle industry, medical equipment’s, aerospace industry.It removes
material in range of 1-10 um [2]. It saves finishing time in comparison to the other traditional procedure [3]. AFM can
be dividing in three categories based on their working and arrangement i.e. one way AFM [4], two ways AFM [5] and
Orbital AFM [2]. One way AFM has the advantage offaster processing, easy handling, and better control of media
temperature while two way AFM is known for its better process control.

In AFM process various studies has been carried out to improve the material removal because it has a low material
removal. This paper discusses the effects of some vital parameters such as different type of abrasives and work pieces,
pressure on the material removal by performing experimentation and further it was optimized by Taguchi Ly orthogonal
Array.

Il. LITERATURE REVIEW

Rhodes [6-9] discovered quoted that viscosity of medium has a main part in finishing. The pattern of flow affecting the

finish characteristics depends mainly on medium formulation, settings of machine and configuration of tool. In the
restricted passage, there is increase in viscosity of medium temporarily which gives nearly pure extrusion of the
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medium. High viscosity medium was recommended for abrading walls of greater cross section and for radiusing edges,
low viscosity medium.

Experimental investigation by Przyklenk [10] suggests that, the MRR capacity of a medium with more viscosity is 300
times more than a lower one.The important factors that affect MRR and velocity of medium- abrasive loading, their
size andmedium viscosity.

Rajurker and Williams [11] performed additional experiments to know the effect of viscosity of medium and pressure
of extrusion on MRR and surface finish. Loveless et.al [12] reached a conclusion through their experiments that surface
finish improvements are also influenced by initial surface roughness and viscosity.

111. WORK PIECE

The length to diameter (L/D) of the work piece was decided on the basis of the recommendation given by Kohut [13].
The geometry of work piece is as given below.
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Fig 1.Work Piece [13]

1V. ABRASIVE

This experimentation uses 3 different types of abrasives 3 different types of abrasive (Calcium Carbide, Boron carbide,
silicon carbide). The mesh size of all abrasives was 400 microns.

Fig 2. Abrasive Particles (CaC,, B,C, SiC)

V. RESPONSE CHARACTERISTICS

This experiment studies the effects of parameters (i.e. Pressure, type of abrasives, type of work piece) on the
response (i.e.: material removal) —

The MR (material removal) signifies the amount of material removed from the specimen in a specified number of
cycles.Material removal is calculated from the formula.

MR= (work piece weight before machining —work piece weight after machining)
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VI. SCHEME OF EXPERIMENTS

The experiments were performed according to the Ly OA having 3 levels of parameters with 8 DOF. The selected
parameters and their levels are given in the tablel:

Tablel. The values and Process Parameters at VVarious levels

Symbol Process Unit Level 1 Level 2 Level 3
Parameters

P Pressure MPa 10 20 30

A Type of - Calcium Silicon Boron
abrasive carbide carbide carbide

W Work piece - Copper Stainless Mild steel

steel
Polymer to Gel ratio -1:1, Mesh Size-180,
Media Flow Volume-290cm3, Temperature-32+ 2 °C,

Table 2 The Ly Orthogonal Array for 3 parameters and three levels with their responses

Parameters Material Removal SIN

z O P| A w MR 1 MR2 MR3 Ratio

v | 1] 2 3 (db)
1 1 1 1 1 My M 1, M 13 SIN;
2 4 1 2 2 M 51 M 5, M 53 S/N,
3 7 1] 3 3 M s M, M 33 SIN;
4 2 2 1 2 M 41 M 4, M 43 SIN,
5 5 2 2 3 M s, M s, M 53 S/INg
6 8 2] 3 1 M g1 Mg, M 63 S/Ng
7 3 3 1 3 Y/ M, M ;3 S/N,
8 6 3 2 1 M g1 M g, M g3 S/Ng
9 9 3| 3 2 M g1 M g, M g3 S/Ng
Total h) h) >

VILEXPERIMENTATION

This experiment includes 3 parameters i.e. (pressure, Type of abrasives, types of work piece) which are shown in
Tablel. The process parameters are varied according to the Table 2. Experiments were performed according to the
conditions given in Ly Orthogonal Array. For every trial condition each experiment was repeated for 3 times.Thus
twenty seven work-pieces were used having their initial surface roughness in the range of (1.1 — 2.96 micron). For each
trial conditions and their repetitions, the response was measured and recorded in Table 3.
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Table3. Experimental results of response

> o | Percentage improvement in R, S/N ratio (db)
Ui ¢ | MR1 MR 2 MR 3
1 1 1.1 0.4 0.3
-7.82

2 4 0.7 0.5 0.2 1014
3 7 0.7 0.8 0.6 -3.27
4 2 0.5 0.6 0.4 -6.37
5 5 1.2 1 1.3 1.18
6 8 1.6 1.9 1.8 4.87
7 3 0.6 0.5 0.6 -5.03
8 6 1.2 0.7 0.8 -1.56
9 9 0.7 0.9 0.8 -2.07
2 8.3 7.3 6.8

TMR = Overall mean = 0.83 mg

VIILLANALYSIS AND DISCUSSION OF RESULT
Average values of Material Removal and S/N ratio are given in table 4.

Table4. Average values of material removal and Signal to noise ratio

Process Level Pressure Type of Abrasives(A) | Work piece
Parameter
Type of Data Raw Data | S/N Ratio | Raw Data | S/N Ratio | Raw S/N Ratio
Data
Average Values | Ly 0.58 -7.08 0.55 -6.41 1.08 -1.50
L, 1.14 -0.10 0.84 -3.50 0.58 -6.20
L; 0.75 -2.88 1.08 -0.15 0.81 -2.37
Main Effects Lo-Ly 0.55 6.97 0.28 2.90 -0.5 -4.69
Ls-Lo
0.38 -2.78 0.24 3.35 0.22 3.82
Difference -0.94 -9.75 -0.04 0.44 0.72 8.52
(Ls-Lo)—(Lo-Ly)

e Figure 3 shows that when extrusion pressure increases initially material removal increases. The reason for
more material removal is due to increase in cutting force. As pressure increases the abrasive particles impact
with a larger force on the work surface and abrades more material. But as the pressure is increased further
abrasive will not come into contact of surface properly and will drag as a block, which reduces the material

removal.
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Fig 3. Effect of extrusion pressure on the MR and S/N Ratio
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o Figure 4 shows maximum material removal in case of boron carbide and minimum in case of calcium carbide.
The reason is that among the three abrasive particles (Boron carbide, Calcium carbide and silicon carbide),
boron carbide is harder and abrades more material while calcium carbide is less hard in comparison to both.
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Fig 4. Effect of type of abrasives on the MR and S/N Ratio

e Figure 5 shows maximum material removal in case of copper because it is softer in comparison to stainless
steel and mild steel. While stainless steel is the harder one and abrasive particles cannot indent properly into

its surface which corresponds to less material removal. Mild steel hardness is in between the both so its

material removal lies between the both work pieces.

Copyright to JIRSET

i stainless steel mild steel

Type of warkpiece
===a=== 5/M —m— Raw data

Fig 5. Effect of type of work piece on the MR and S/N Ratio
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IX. SELECTION OF OPTIMUMLEVEL

To know the significance of parameter (ANOVA) was performed. The pooled ANOVA for the raw data and S/N data
for material removal are given in table 5 and 6.

Table 5 Pooled ANOVA (Raw Data)(MR)

Source SS DOF \Y F- SS’ P%
Ratio
Pressure
1.46 2 0.73 13.79 1.35 29.63

Type of
abrasive 1.28 2 0.64 12.09 1.17 25.99
Work
Piece 1.12 2 0.56 10.64 1.02 22.88

e 1.06 20 005 | o 1.37 21.48
Total (T) | 4% 26 LA I—— 493 100
*Significant at 95% confidence level, F critical =3.4928(Tabulated Value)
SS-Sum of Squares, DOF-Degree of Freedom, V-Variance, SS’-Pure
sum of Squares

Table 6.Pooled ANOVA (S/N Data)(MR)

3 v F- ss’ P%
Source DOF Ratio
Pressure 74.01 2 | 3700 | 69.67 72.95 43.21
T f
Ype 0 58.74 2 | 2937 | 5530¢ | 57.68 34.30
abrasive
Work
. 37.43 2 | 1871 | 3524 | 36.37 21.86
piece
e 1.06 2 [os3 | 4,24 0.62
Total (T) 171,25 8 | e | e 171.24 | 100
*Significant at 95% confidence level, F critical =19(Tabulated
Value)
SS-Sum of Squares, DOF-Degree of Freedom, V-Variance,
SS’-Pure sum of Squares
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X. ESTIMATION OF OPTIMUM RESPONSE CHARACTRESTICS

In this section, the optimum values of the response characteristics along with their respective confidence intervals have
been predicted. The results of confirmation experiments have also been presented to validate optimal result. The
average value of the response characteristic obtained through the confirmation experiments must lie within the 95%
confidence level, Clce. However the average value of quality characteristic obtained from the confirmation experiments
may or may not lie within 95% confidence interval, Clpop. As observed the optimum values for the maximum MR are
P,AsW; for both raw data and S/N ratio. For the confirmation experiments on the basis of raw data the optimal settings
have been taken as P,As;W,. Based on the optimal selection of the process the optimum response parameter of the
material removal is estimated with the confidence intervals as further.

XI.MATERIAL REMOVAL

The mean at the optimal MR (optimum values of the response characteristics) is estimated as
w=P, +A3 +W;-2T............................(Equation No. 1)
T= overall mean of the response =0.83 mg
P, =Average value of MR at the second level of Pressure = 1.14mg
A; =Average value of MR at the third level of abrasive type =1.08 mg
W1 =Average value of MR at the first level of type of work piece= 1.08 mg
Substituting these values, Mean MR = 1.64 mg
The confidence interval of confirmation experiments (Clcg) and of population (Clpop) is calculated by using the
following equation

1

Cleg = JFa(l,fe)Ve [$+E] (Equation No. 2)

Clpop = /%......................(Equation No. 3)

Where F, (1, fo) = The F- ratio at the confidence level of (1-a) against DOF 1 and error degree of freedom f.= 3.49

f. = error DOF = 20 (Table 6.2)
N = Total no of result =27 (treatment =9, repetition =3)
R = Sample size for confirmation experiments = 3
V., = Error variance =0.05
N

Nepf = ———————————————————————————— e (Equation No.4) =3.86

1+[DOFassociatedintheestimateofmeanresponce]

S0, Clee=+0.32, Clpop=+0.21

The 95% confirmation interval of predicted optimal range (for confirmation run of three experiments) is:
Mean MR - Clce<MR< MR + Cl¢e

1.32< MR <1.96
The 95% confirmation interval of the predicted mean is : Mean MR — Clpgp<MR< MR + Clpop

1.43< MR <1.85
XII.CONFIRMATION EXPERIMENT

As observed the optimum values for the maximum MR are P,AsW; for both raw data and S/N ratio. For the
confirmation experiments on the basis of raw data the optimal settings have been taken as P,AsW;.
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P,= Extrusion Pressure at Second level =20 MPa
Az = Abrasive at first level =B,C (Boron carbide)
W, = Work piece at first level copper (Cu)
XI111.CONCLUSION

There is need to enhance the material removal by hybridization of AFM process. This improves the finishing efficiency
and also minimizes the energy loss during the finishing process. The end result indicates that the contribution of the
work piece is 22.88%, type of abrasive is 25.99 %, and extrusion pressure is contributing 29.63%.
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