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Abstract- Abrasive flow machining (AFM) is a novel non-traditional micromachining process developed as a method to 
debur, polish, and radius surfaces and edges by forcing a flowable abrasive media through or across the workpiece. Abrasion 
occurs only where ever the media flow is restricted; other areas remain unaffected. The technique can be employed to process 
many selected passages on a workpiece simultaneously, reaching even typically inaccessible areas. A variety of finishing 
results can be achieved by altering the process parameters. The article identifies the parameters of abrasive flow machining 
(AFM) that significantly affect the performance measures, material removal (MR) and change in surface roughness (ΔRa), on 
zinc components bearing multiple holes. Taguchi’s parameter design approach has been applied to investigate the effect of 
process parameters on output response. Optimization of the process has been carried out for the purpose of improving the 
process capability and efficiency. 
 
Keywords- Abrasive Flow Machining; Performance Measures; Material Removal; Change in Surface Roughness; Taguchi; 
and Optimization. 
   
 
I. INTRODUCTION 
 
Advancement in material sciences has opened new 
vistas for industries manufacturing machine 
components having complex geometric profiles made 
up of hard, difficult-to-machine, smart materials 
requiring nanometer range surface finish and 
dimensional accuracy. This has led to the development 
of advanced finish-machining techniques. The 
manufacture of precision parts emphasizes final 
finish-machining operations, which may account for 
as much as 15% of the total manufacturing costs. 
Abrasive flow machining (AFM) has the potential to 
provide high precision and economical means of 
finishing parts. Inaccessible areas and complex 
internal passages can be finished economically and 
productively. To finish an external surface, additional 
tooling is generally required to ensure that the flow 
gap between the external surface and the tooling is 
sufficiently tight for adequate abrasive action.  AFM 
has been likened to a semi-solid flowing file; and 
perhaps its greatest advantage lies in its ability to 
finish, deburr, polish, radius and removing the 
recasted layers from complex internal passages or 
areas that are inaccessible to more traditional methods 
such as mechanical honing. 
 
In AFM, a semisolid media consisting of a polymer 
based carrier and abrasives in specific proportion is 
extruded under pressure through or across the surface 
to be machined. The media acts as a flexible cutting 
tool whenever it is subjected to any restriction.  
 
The abrasion in AFM referred to is defined as the 
removal of solid material from the surface by the 
unidirectional sliding action of discrete particles of 
another material (abrasive medium). The basic 

mechanism of abrasion has been the subject of many 
investigators. Jain and Jain  hypothesized that in AFM, 
the MR occurs as a result of some processes like 
microplowing, microcutting, microcracking, etc. A 
theoretical model on this basis has been presented 
considering spherical shape of abrasive particle and 
certain other restrictions like constant load on the 
abrasive grains, same penetration depth for every 
grain, etc. Moreover, the medium viscosity and 
extrusion pressure will significantly affect the material 
removal and the surface roughness of AFM. 
 
The rheological properties of the abrasive media have 
also been studied by some researchers, the 
experiments showed that not only the temperature 
could seriously influence the viscosity of the medium 
but also a small increase in the temperature would 
drastically reduce the medium viscosity in AFM. If 
processing oil content in the medium increases, then 
its viscosity decreases and abrasive particles get 
loosely bounded with the base medium (polymer). If 
comparatively, a low viscosity medium flows over the 
workpiece surface, some of the abrasive grains may 
slide instead of indenting in it. Therefore, as the oil 
content increases, the percentage improvement in 
surface finish decreases in both the cases. 
 
Williams and Rajurkar showed that media viscosity 
and extrusion pressure significantly determine both 
surface roughness and the material removal rate. 
Simulation research using non-Newtonian fluid 
showed that for forcing paste through the hole of 29 
mm in diameter there is linear relationship between 
applied pressure and speed of flow. Uhlmann and 
Szulczynski showed that there is non-linear 
relationship between number of flow cycles, pressure 
and productivity.  
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The simultaneous increase in MR and ∆Ra indicates 
the unique behaviour of AFM when compared with 
other machining processes and these results support 
the findings reported by Williams and Rajurkar.  
Loveless et al pointed out the results of an 
investigation of the effects of AFM on surfaces 
produced by turning, milling, grinding, and 
wire-EDM. In particular, all of the wire-EDM surfaces 
were improved greatly using AFM. Haan et al  studied 
the effect of AFM on surface finishing. Their work 
indicated that AFM exhibited a wide variation of MRR 
as various levels of the machining parameter were set 
to various levels. Petri et al examined the machining 
characteristics of AFM. They attempted to develop a 
process modeling system for AFM to predict surface 
finishing and dimensional modification. Jain et al 
presents the improvement of the surface resulting from 
machining and the removal of the material based on 
the parameters: machining time, extrusion pressure, 
concentration, abrasive grains, and decreasing rate. 
 
Adsul et al also showed that the surface roughness 
improvement and the material removal rate have a 
direct rational relation by using AFM method. Jain et 
al established the model and selected the optimum 
parameters by using a neural network process on the 
AFM. Moreover, the specific energy and tangential 
force according to machining parameters of AFM 
were also drawn. Jain et al elucidated that, in AFM, 
abrasive medium can remove the material and 
promote the surface smoothness respectively, with 
variety of viscosity, concentration, abrasive grain size 
and working temperature. Singh et al determined the 
effect of magneto abrasive flow machining on the 
surface roughness and the removal of the material. 
 
However, each of these studies considered a subset of 
the process parameters and ignored other critical 
parameters. Some research studies on AFM give 
conflicting opinions as regards to the change in surface 
roughness and material removal rate from various 
materials.  
 
It has been recognized that very few research studies 
have been conducted on the optimization of the 
process parameters for enhanced performance 
measures. Therefore, it is required to study the AFMed 
surfaces to get more insight into the real interaction 
between flowing abrasive particles and the target 
surfaces.  
 
The present work is an attempt to investigate the 
significant process parameters influencing the 
efficiency and capability of the process and to obtain 
an optimal combination of process parameters which 
may yield enhanced performance measures from the 
components micro-machined by abrasive flow 
machining process. Taguchi’s robust parameter design 
approach has been applied to perform and analyze 
experimental results. 

II. PROCESS PARAMETERS OF ABRASIVE 
FLOW MACHINING  

 
The literature review suggested the possible process 
parameters that may be influencing the capability and 
efficiency of the process and the subsequent quality of 
components finish-machined by AFM. The 
parameters can be classified on the basis of three 
major elements of the process, as mentioned below, 
1. Machine Parameters: Extrusion pressure, media 
flow rate, media flow volume, number of cycles. 
2. Medium Parameters: Abrasive Size, Abrasive Type, 
Abrasive Concentration, Additives/Oil Concentration, 
Temperature and Viscosity of the medium. 
3.  Work-piece Parameters: Work-piece Material, 
Passage Geometry, Length to Diameter ratio, 
Reduction ratio, Initial surface roughness. 
 
The following five independent parameters were 
chosen for the present study, because of two reasons, 
firstly to limit the volume of work involved in the 
experimental investigation, and secondly taking into 
account the straight path approach which suggested 
that of the four machine-based parameters, Media 
Flow Rate was also an indicator of Extrusion Pressure 
for a given work-piece and similarly the media flow 
volume was better represented and described by 
number of cycles for a given machine setup. In 
medium-based parameters, all the experiments were 
conducted in the same period wherein temperature 
ranged from 32-35°C; while viscosity, for a given 
medium composition was dependent upon percentage 
Oil Concentration and so three Medium Parameters 
have been selected for the present study. Zinc 
components bearing multiple holes had been selected 
as specimen work-pieces. Silicon Carbide abrasives 
were used because of its availability and less cost. 
 
To sum up the following five parameters, TABLE I, 
were chosen for this study, 
1) Extrusion Pressure, A; 
2) Percentage Abrasive Concentration, B; 
3) Abrasive Mesh Size, C; 
4) Number of Cycles, D; 
5) Percentage Oil Concentration, E; 
 
The range of these parameters were selected on the 
basis of the results obtained from the pilot experiments 
conducted by varying one parameter at a time 
approach and the limitations imposed by the 
experimental setup.  
 
Table 1 gives the levels of various parameters and 
their designation. Material removal (MR) and change 
in surface roughness (ΔRa) have been taken as the 
output response indicating quality characteristics and 
is defined as the difference between the initial 
weight/surface roughness of the work-piece and the 
final weight/surface roughness of the work-piece after 
finish-machining with AFM. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,  Volume- 2, Issue-12, Dec.-2014 

Optimization Of Afm Process Parameters In Finish-Machining Of Multiple Holes In Zinc Components Using Taguchi’s Doe Approach 
 

20 

Table 1  PROCESS PARAMETERS AND THEIR LEVELS 

 
 
III. TAGUCHI’S EXPERIMENTAL DESIGN   
 
Taguchi’s comprehensive system of quality 
engineering is one of the greatest milestones achieved 
in the 20th century. This methodology focused on the 
effective application of engineering strategies, which 
includes both upstream and shop-floor quality 
engineering, rather than advanced statistical 
techniques.  Taguchi focused on minimizing the effect 
of causes of variation. The product or process 
performs consistently on target and is relatively 
insensitive to uncontrollable factors. In comparison 
with a traditional full factorial design of experiments, 
Taguchi’s method in general provides a significant 
reduction in the size of experiments, thereby speeding 
up the experimental process. Taguchi’s philosophy is 
based on the following three fundamental concepts: 
1) Quality should be designed into the product and 
not created by inspection into it. 
2) Quality is best achieved by minimizing the 
deviations from the target. The product or process 
should be designed to be least sensitive to 
uncontrollable conditions. 
3) The cost of quality should be measured as a 
function of deviation from the standard and the losses 
should be measured system wise. 
Out of Taguchi’s three-stage process, i.e. system 
design, parameter design, and tolerance design, the 
parameter design approach has been adopted for 
studying the effect of parameters on the efficiency of 
the AFM process. 
 
IV. SELECTION OF AN ORTHOGONAL 

ARRAY 
 
Orthogonal arrays (OAs) were originally developed by 
Taguchi to control experimental error. OAs are 
constructed in such a way that, for each level of any 
one factor, all levels of other factors occur an equal 
number of times thereby giving a balanced design. As 
compared with a full factorial design, the number of 
experiments in Taguchi technique are substantially 
reduced. For the selection of a particular OA, the 
number of parameters, the number of levels, and their 
possible interactions must be taken into consideration. 
Three levels of the parameters were selected, as the 
nonlinear behavior among the parameters, if any, can 
only be studied if more than two levels are used. On 
the basis of literature reviewed it was decided to 

investigate the following interactions in the present 
study: 
1) Extrusion Pressure and Abrasive Percentage 
Concentration 
2) Abrasive Mesh Size and Abrasive Percentage 
Concentration 
3) Extrusion Pressure and Abrasive Mesh Size 
Since each three-level parameter has two degrees of 
freedom (number of levels-1), the total degrees of 
freedom (DOF) required for five parameters, each at 
three levels, is 10 (5x(3-1)). The DOF for a second 
order interaction is four (2x2). Therefore, the total 
DOF required, with five independent parameters, each 
at three levels and three second-order interactions, is 
22. Taguchi’s OAs are selected on the basis of the 
condition that the total DOF  of the selected OA must 
be greater than or equal to the total DOF required for 
the experiment. Hence an L₂₇ OA (a standard 
three-level OA) having 26 (27-1) DOF was selected 
for the present analysis.  
 
V. EXPERIMENT, ANALYSIS AND 

DISCUSSION 
 
An experimental set-up having the provision of 
variations in the process parameters was designed and 
fabricated as shown in Figure 1. The work-piece 
dimensions were judiciously decided. The media used 
for the present experimentation was composed of 
predetermined amounts of silicone based polymer, 
AP3 Grease & Base Oil. The abrasives used in the 
media are silicon carbide. The mixture of media is 
mixed with the abrasive particles of specified mesh 
size in a definite proportion to achieve the desired 
percentage concentration of abrasive particles by 
weight. Percentage concentration of abrasive by 
weight is defined as,  
 
Percentage concentration of abrasive  
=    

       
× 100 

 
Before performing the actual experiments, the 
medium was run for 20-25 cycles with the trial 
work-piece, so as to get uniform mixing. The 
experiments were conducted according to the order 
and conditions given in Table II. After the machining 
is over, the work-pieces were taken out from the setup 
and cleaned with acetone before any measurement is 
taken. For material removal measurement, an 
electronic weight balance having accuracy up to 
10ˉ⁴gm has been used. The surface roughness, Ra 
value of multiple internal holes on each specimen was 
measured by using Tally Surf Portable surface 
roughness tester. In order to minimize the effect of 
temperature on the viscosity of the medium, the entire 
set of experiments were carried out in a controlled 
ambient temperature of 32°C±2°C. In Taguchi 
method, a loss function has been defined to gauge the 
deviation between the experimental and desired value 
of a performance characteristic. The loss function is 
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further transformed into a signal-to-noise ratio (S/N 
ratio). Three categories of performance characteristics 
are usually used in the analysis of the S/N ratio, i.e. the 
lower the better, the higher the better, and the nominal 
the better. The performance characteristics measured 
in the present work were Material Removal, MR and 
change in surface roughness, ΔRa. 

 

 
Figure 1 Experimental Setup for AFM 

 

 
Figure 2 Schematic drawing of work piece 

 
Table 2 OBSERVED VALUES AND SN RATIOS OF 

QUALITY CHARACTERISTICS IN ZINC

 

Table 3 AVERAGE VALUES OF QUALITY 
CHARACTERISTICS AT DIFFERENT LEVELS AND MAIN 

EFFECTS - RAW DATA IN ZINC 

 
 

Table 4 AVERAGE VALUES OF QUALITY 
CHARACTERISTICS AT DIFFERENT LEVELS AND MAIN 

EFFECTS – SN RATIO DATA IN ZINC 

 
 
Both the characteristics are ‘higher the better’ type of 
quality characteristic. So, ‘higher the better’ type of 
response was used to calculate the S/N ratio and is 
given by:      
   Lĳ = ∑  

 
where Lĳ is the loss function of the ith performance 
characteristic in the jth experiment. The S/N ratios 
were computed for each parameter at each levels and 
the corresponding S/N ratio is given by: 

η = −10 log(Lĳ) 
 
The observed values of output responses and 
computed SN ratios for both the characteristics, MR 
and ΔRa, for each of the 27 trials are given in Table II. 
The mean response refers to the average value of the 
performance characteristic on each parameter at 
different levels. The average values of quality 
characteristics (Raw Data) and those of SN ratios for 
each parameter at levels 1, 2 and 3 are calculated from 
Table III and are given in Tables III and IV 
respectively. These values have been plotted in 
Figures 2 &-3 for material removal and Figures 4 & 5 
for change in surface roughness.  
 
The individual effects of the five parameters on the 
average values of MR and ∆Ra are shown in Figures 3 
and 5.  From the trend of variation of MR and ∆Ra at 
different levels of the factors, it can be observed that 
both the performance measures, MR and ∆Ra, 
improves with increase in extrusion pressure. The 
reason for enhancement in quality characteristics is 
mainly attributed to the fact that more extrusion 
pressure enables the abrasive particles to strike the 
work-piece surface with greater impact resulting in 
more abrasion. Another result of the present study is 
that increase in abrasive concentration also improves 
quality characteristics, which is understandable 
considering higher abrasive concentration facilitating 
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in more abrasives coming into contact with the 
work-piece surface thereby resulting in more 
abrasions. The main effects of abrasive grain size were 
found to be statistically insignificant. The increase in 
number of cycles greatly improved the performance 
characteristics, MR and ∆Ra values, which could be 
attributed to higher media flow volume and more 
machining time resulting in more abrasions on the 
work-piece surface which yielded better output 
responses. However, the increase in oil concentration 
in the medium resulted in diminished output 
performance characteristics which could be attributed 
to decreased viscosity of the medium with increase in 
oil concentration resulting in easy outflow of the 
cutting medium without producing much abrasions 
onto the work-piece surface. To sum up, it can be 
observed  from  
 
Figures 2 –5, that parameters A, B, D and E affect 
both the mean and the variation in the performance 
measures, MR and ∆Ra values. 
 
Analysis of variance for SN ratios of performance 
measures was performed to identify the factors having 
significant effect. The ANOVA results for SN ratios of 
material removal and change in surface roughness are 
given in Tables 5 and 6 respectively. Table 5 shows 
ANOVA results for SN ratios of material removal in 
Zinc components and P-test indicates that the factors 
A, B, D and E significantly affects the  material 
removal values in abrasive flow machining of multiple 
holes in zinc components.  The percentage  
 
Figure 2 Main Effects Plot for SN ratios of Material Removal in 

Zinc 
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Figure 3 Main Effects Plot for Means of Material Removal in 

Zinc 
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Figure 4  Main Effects Plot for SN ratios for Change in Surface 

Roughness in Zinc 
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Figure 5  Main Effects Plot for Means of Change in Surface 

Roughness in Zinc 
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contribution of parameters in Table 5 indicates that 
the parameters A and D are the most significant factors 
influencing the material removal, MR values. 
Parameters B and E also have some contribution in 
influencing the material removal values. As is clear 
from Table 5, none of the interactions were significant 
with regard to the material removal, MR values. From 
Figures 2 and 3 as well as from ANOVA results it 
seems that the level 3 of parameters A, B, C and D (A3 
B3 C3 D3) may provide optimum MR from zinc 
work-pieces when multiple holes are finish-machined 
by AFM.    It can further be noticed from these figures 
that in the case of parameters A, B, C and D, the 
highest values of average response correspond to the 
highest values of SN ratio. However, the best average 
response for E is obtained at level 1 but the SN ratio 
for E is highest at level 3. On the basis of the 
percentage contribution of E towards the average 
response, level 1 of parameter E (E1) can be taken as 
the optimum level.  
 

Table 5 ANALYSIS OF VARIANCE FOR SN RATIOS – 
MATERIAL REMOVAL IN ZINC 
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Table 6 shows ANOVA results for SN ratios of 
change in surface roughness, ∆Ra, in Zinc components 
and P-test indicates that the factors A, B and D 
significantly affects the change in surface roughness, 
∆Ra values in abrasive flow machining of multiple 
holes in zinc components. The percentage contribution 
of parameters in Table 6 indicates that the parameters 
A and D are the most significant factors influencing 
the change in surface roughness, ∆Ra values, followed 
by parameter B which also somehow contributes in 
influencing the ∆Ra values. 
 

Table 6  ANALYSIS OF VARIANCE FOR SN RATIOS – 
CHANGE IN SURFACE ROUGHNESS ZINC 

 
 
As is clear from Table 6, none of the interactions were 
significant with regard to the change in surface 
roughness, ∆Ra values. From Figures 4 and 5 as well 
as from ANOVA results it seems that the level 3 of 
parameters A, B, C and D (A3 B3 C3 D3) may provide 
optimum ∆Ra from zinc work-pieces when multiple 
holes are finish-machined by AFM.    It can further be 
noticed from these figures that in the case of 
parameters A, B, C and D, the highest values of 
average response correspond to the highest values of 
SN ratio. However, the best average response for 
parameter E is obtained at level 1 but the SN ratio for 
parameter E is highest at level 3. On the basis of the 
percentage contribution of E towards the average 
response, level 1 of parameter E (E1) can be taken as 
the optimum level. The significant process parameters, 
their optimal levels and predicted optimal values of 
quality characteristics are given in Table 7. 
 
VI. ESTIMATION OF OPTIMAL VALUES 

OF PERFORMANCE 
CHARACTERISICS 

 
The optimum values of MR and ∆Ra are predicted at 
the selected levels of significant parameters. The 
estimated mean of the response characteristics can be 
computed, using expressions given as under, 
 
MR = A3 + B3 + D3 + E1 - 3T                    (1) 
ΔRa = A3 + B3 + D3 - 2T                           (2) 
 
Where T  is the overall mean of Quality 
Characteristics, A3 is the average value of MR/∆Ra at 
the third level of Extrusion Pressure, B3 is the average 
value of MR/∆Ra at the third level of Abrasive 

Concentration, D3 is the average value of MR/∆Ra at 
the third level of Number of Cycles, and E1 is the 
average value of MR at the first level of Oil 
Concentration. 
 
Substituting the values of various terms in equation 1 
& 2 from Table 3, we obtain the predicted optimal 
values of material removal, MR, and change in surface 
roughness, ΔRa in abrasive flow finishing of multiple 
holes in zinc components.  
MR = 0.183 + 0.127 + 0.182 + 0.134 – 3 x 0.103   = 
0.317 
∆Ra = 0.2352 + 0.1642 + 0.2311 – ( 2 x 0.1371 )    = 
0.3563. 

 
Table 7 Optimal levels of process parameter and optimal 

values of individual quality characteristics for Zinc 

 
 
VII. DETERMINATION OF CONFIDENCE 

INTERVAL 
 
The 95% confidence interval of confirmation 
experiments (CICE) and of population (CIPOP) was 
computed by using equations given as under, 

 
 
The 95% Confidence Interval of confirmation 
experiments (CICE) and of population (CIPOP) for MR 
in zinc was calculated by using the following values in 
above equations: 
 
fe = 18 and the error variance νe = 0.0002179; N 
(number of experiments) = 27; R (number of 
repetitions) = 3; neff = 3 (calculated); and F₀∙₀₅(1,18) 
= 4.41 (tabulated f-value). 
So, CICE = ± 0.0252 AND CIPOP = ± 0.0178. 
The predicted optimal range of material removal, MR, 
in zinc for confirmation experiments is: 
Mean MR – CICE < MR < Mean MR + CICE 
Or   0.2918 < MR < 0.3422 
 
The 95% Confidence Interval of the predicted mean 
for material removal, MR, in zinc is: 
Mean MR – CIPOP < MR < Mean MR + CIPOP 
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Or   0.2992 < MR  < 0.3348 
The optimal values of process variables at their 
selected levels for predicted MR are as follows:  
Third level of Extrusion Pressure          (A3): 30 bar  
Third level of Abrasive Concentration (B3): 60%   
Third level of Number of Cycles            (D3): 40   
First level of Oil Concentration              (E1): 5%  
 
The 95% Confidence Interval of confirmation 
experiments (CICE) and of population (CIPOP) for ∆Ra 
in zinc was calculated by using the following values in 
above equations: 
fe = 20 and the error variance νe = 0.000350; N 
(number of experiments) = 27; R (number of 
repetitions) = 3; neff = 3.857 (calculated); and 
F₀∙₀₅(1,20) = 4.35 (tabulated f-value). 
So, CICE = ± 0.0300 AND CIPOP = ± 0.0200.  
The predicted optimal range of change in surface 
roughness, ∆Ra, for the confirmation experiments at 
95% confidence interval is: 
Mean ∆Ra – CICE  <  ∆Ra  <  Mean ∆Ra + CICE 
Or   0.3263 < ∆Ra < 0.3863 
 
The 95% Confidence Interval of the predicted mean 
for change in surface roughness, ∆Ra, in zinc is: 
Mean ∆Ra – CIPOP  <  ∆Ra  <  Mean ∆Ra + CIPOP 
Or   0.3363 < ∆Ra < 0.3763 
 
The optimal values of process variables at their 
selected levels for predicted ΔRa are as follows:  
Third level of Extrusion Pressure          (A3): 30 bar  
Third level of Abrasive Concentration  (B3): 60%   
Third level of Number of Cycles           (D3): 40   

I. CONFIRMATION EXPERIMENTS 
Three confirmation experiments were conducted at the 
optimal setting of the process parameters. The values 
of performance measures viz. material removal and 
change in surface roughness were recorded and the 
average values are reported here: 
1. Material Removal  =  0.31 gm; 
2. Change in Surface Roughness = 0.34 µ; 
The average as well as individual characteristic values 
were found to be well within the 95 % confidence 
interval of the optimal range. We have thus 
successfully optimized the abrasive flow machining 
process parameters for each of the performance 
characteristics, MR and ∆Ra, and have obtained the 
optimal levels of process parameters for various 
characteristic separately. 
 
CONCLUSIONS 
 
Multiple holes in zinc components can efficiently be 
finish-machined by AFM and the following 
conclusions have been drawn from the present 
experimental study and these results are valid for the 
range of process parameters specified in Table I.  
1) Extrusion Pressure, Number of Cycles, Abrasive 
Concentration and Oil Concentration in the medium 
significantly affect the material removal, MR, while 

Extrusion Pressure, Number of Cycles and Abrasive 
Concentration in the medium significantly affect the 
change in surface roughness, ΔRa, in AFM. 
2) Extrusion Pressure and Number of Cycles are the 
most influential parameters causing abrasion and 
affecting both the performance measures, MR and 
ΔRa followed by Abrasive Concentration in the 
medium, while Oil Concentration in the medium also 
somehow affects MR in zinc components. 
3) Abrasive grain size and the interaction of different 
parameters employed in the study do not significantly 
affect MR and ΔRa while Oil Concentration in the 
medium also doesn’t significantly affect ΔRa values. 
4) The optimum levels of various process parameters 
obtained in the present study are as under: 
 
 Extrusion Pressure = 30 bar; 
 Abrasive Concentration = 60%; 
 Number of Cycles = 40; 
 Oil Concentration = 5%; 
 
5) The Extrusion Pressure, Number of Cycles and 
Abrasive Concentration are significant in respect of 
both the mean value and the variation/consistency of 
MR and ΔRa. 
6) The optimum levels of Extrusion pressure, Number 
of Cycles, Abrasive concentration and Oil 
concentration for best MR and ΔRa also correspond to 
the highest SN ratio. 
7) The predicted optimal range for the confirmation 
experiments is given for material removal, MR, as 
0.2918 < MR < 0.3422 and for change in surface 
roughness it is 0.3263 < ∆Ra < 0.3863. 
8) The 95% Confidence Interval of the predicted mean 
for material removal, MR, is 0.2992 < MR < 0.3348 
and for change in surface roughness is 0.3363 < ∆Ra < 
0.3763.                                    
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