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Abstract
In the present study, Aluminium alloy is mixed with 12% SiC 
and 5 % graphite on weight basis to fabricate the Aluminium 
Metal Matrix Composite (AMMC) material. The objective 
of this paper is to investigate the effect of process parameters 
such as pulse on time(Ton), peak current (Ip) and pulse off time  
on Metal Removal Rate (MRR) and surface roughness (SR) 
during Electrical Discharge Machining (EDM) of AMMC .The 
experiment is followed by Central Composite Design (CCD) 
method under different combination of process parameters .In this 
paper Response Surface Methodology (RSM) is used to develop 
the mathematical model and to correlate the process parameters 
with the response. Also Analysis of Variance (ANOVA) technique 
is used to check the significance of the model and confirmation test 
is conducted to compare the experimental data with the predicted 
data to identify the effectiveness of the proposed method. From 
the main effective plot it is found that peak current is the most 
significant parameter among the other. Further the single and 
multi-response optimization using desirability function.

Keywords
Aluminium Metal Matrix Composite, ANOVA, RSM, Desirability 
Function.

I. Introduction
Now a day’s, researcher all over the world are focusing mainly 
variety of innovative composite materials which are quickly 
replacing conventional materials for different applications like 
medical instruments, automotive parts, aerospace, defence, sports, 
electrical appliance and other industries. According to Hung et al. 
(1994) Aluminium alloys are light weight in compare to monolithic 
material when it is reinforced with SiC to form an aluminium metal 
matrix composite. Renjie et al. (2012) expressed their view that 
Al-SiC composite is one of the advance composite material that 
possess superior physical and mechanical properties in compare 
to other conventional material. Kohli et al.(2012) have applied 
fuzzy logic analysis to compare the experimental results with the 
result generated by fuzzy model during die sinking EDM process 
using copper as electrode and Medium Carbon Steel (AISI 1040) 
as work-piece to evaluate the material removal rate. Hocheng et al. 
(1997) studied the effect of machining parameters like electrical 
current, pulse on time in EDM of aluminium silicon carbide 
(Al-SiC) composite and compared the crater size produced by 
a single spark. According to them, the crater size of the Al-SiC 
composite is larger than common steel and the material removal 
rate is proportional to the applied current and pulse on time. 
Muller et al. (2001) investigated the machinability of AA2618-
SiC-20P and A356-SiC-35P composite material in machining by 
both EDM and LASER process. They stated that MRR decreases 
with increase in percentage of SiC, more ever LASER machining 
induced higher thermal damage to the surface in compare to EDM. 
Patel et al. (2009) studied about machining characteristics, surface 

integrity and material removal mechanism of Al2O3–SiCw–TiC 
ceramic composite and found that surface roughness increases 
with discharge current and pulse on time as well as it provides the 
key information on the mechanisms of formation of recast layer. 
However, Dhar et al. (2007) conducted an experiment, in which 
pulse current, pulse duration and gap voltage are selected as process 
parameters that affect metal removal rate, tool wear rate ,radial 
over cut and surface roughness of Al–4Cu–6Si alloy with 10 wt.% 
SiC composites. They observed that material removal rate, tool 
wear rate and radial over cut increase significantly in a nonlinear 
fashion with current. Also a mathematical model is established 
to predict the optimal conditions suitable for the selected model. 
Karthikeyan et al. (1999) developed a mathematical model for the 
response characteristics like metal removal rate, tool wear rate and 
surface roughness using the process parameters such as current, 
pulse duration and the percent volume fraction of SiC followed 
by three level full factorial design and analyzed by ANOVA. They 
concluded that material removal rate decreases with increase in 
the percentage volume of SiC, while the tool wear rate and the 
surface roughness increases with an increase in percentage volume 
of SiC. Singh (2012) used L18 orthogonal array and grey relational 
analysis to investigate the effects of pulse current, pulse on time, 
duty cycle, gap voltage and tool electrode lift time for the responses 
like material removal rate, tool wear rate and surface roughness 
during the EDM process with 6061Al/Al2O3p/20P composites. 
According to him pulse current is the most effective parameter 
among the other parameters.

Based on the past research review, limited work is carried out 
with pure Aluminium alloy-SiC and graphite on electric discharge 
machining. The objective of this paper is to study the effects of 
peak current, pulse on time and pulse off time on the metal removal 
rate and surface roughness using a Response surface methodology 
experimental technique and optimization of single and multi-
response optimization by desirability function. Further, the second 
order mathematical model is developed based on response surface 
methodology which then after validated by using confirmation 
test.

II. Experimental Details 

A. Experimental Setup and Procedure 
The experimentation shall be done on NC Electrical Discharge 
Machining set-up, so as to find out the effects of following 
machining parameters on MRR and Surface roughness. It consists 
of the following units:  Machining unit, Controller unit, Dielectric 
system
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Fig. 2.1: EDM Machine

The experiments were carried out on NC EDM. The responses 
chosen for study were MRR and SR at different machining 
parameters using Aluminum metal matrix composite as work 
piece and copper as electrode. The work material chosen was 
Aluminum metal matrix composite with hardness of 57 HRB. 
Diesel is used as dielectric fluid. The work piece material was 
available in rectangular pieces of different dimensions. The 
work piece was clamped to the tank using inbuilt assembly. The 

Electrode was clamped on the Vice type tool holder of the EDM 
machine and its alignment was checked. The tool holder has a 
facility to make adjustment for the alignment of the electrode with 
respect to the work piece.
When the electrode tip touches the surface of work-piece a beep 
sound was heard. As the desired time was reached the sparking was 
stopped. The depth of cut was not selected because the depth of cut 
varied because of wear of electrode, hence for MRR calculation 
loss in the weight of the work piece was taken as the criteria, 
which gives more accurate results. Initial weight of the work 
pieces was recorded and numbering to work pieces was also given. 
The input parameters current, pulse on time, pulses off time were 
set on the monitor control panel. The values were taken as per 
the value of design of experiment trial condition using response 
surface analysis.

B. Preparation of AMMC Workpiece
Preparation of AMMC done in the foundry shop in Jalandhar. 
In this preparation Al 6061 alloy mixed with silicon carbide and 
graphite powder (12% Silicon carbide and 5% Graphite) by using 
stir casting[ ]. First of all mould is prepared for molten material in 
the dimension of 25cm×5cm×8mm.The Al alloy was melted in the 
crucible at the temperature of about 10000C and then powder was 
mixed in the molten metal with the help of stir process constantly 
for 5 min and then pour the molten metal in cavity with the help 
of pouring basin as shown the fig. (4.2). Then after solidification 
put the workpiece out. The hardness number of AMMC material 
is 57 HRB

Table 2.1: Chemical Composition of Al Matrix Composite (wt. %)
Element Al Si Fe cu M Mg Zn C Ni Titanium Lead
Weight (%) 98.0 0.920 0.360 0.0325 0.0141 0.468 0.043 0.0355 0.0117 0.0111 0.0073

  
Fig. 2: Preparation of AMMC

C. Preparation of Electrode 
The material of electrode was prepared in the workshop at Jalandhar. 
The material of electrode is copper having dimensions length 15 
cm and diameter 1.8 cm. The copper electrode cut in pieces having 
length 4.5cm and each for investigation. The diameter of electrode 
was reduced on the lathe machine with high speed and small depth 
of cut for getting the fine finish. After that bottom of electrode was 
prepared on the polishing machine to get the fine surface finish.  
EDM electrode materials are the components consist of highly 
conductive and arc erosion-resistant materials. EDM electrodes 

are manufactured in many forms such as coated wire, tube shaped, 
or bar stock, depending on the EDM electrode materials used in 
machine and suitable to cut the workpiece the electrode material 
selected for the present work is copper (99.99%Cu) electrode. 

D. Response Variables Evaluation
The quantity of material removed in each experiment was known 
from changing weight of the work pieces. The material removal 
rate (MRR) is calculated as: 
 MRR = (Wi–WF)/T   g/min
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Where, Wi is initial weight of work piece (g/min), WF is final 
weight of work piece (g/min), T is time (min.)
The surface roughness was measured using surface roughness 
tester giving valves Ra valve in microns. The SR of the work 
piece can be expressed in different ways like arithmetic average 
(Ra), average peak to the valley heights (Rz) or peak roughness 
(Rp), etc. Generally, the SR is measured in terms of arithmetic 
mean (Ra) which according to the ISO 4987:1999 is defined as 
the arithmetic average roughness of the deviation of the roughness 
profile from the central line along the measurement. 

E. Design of Experiment
Table 2.2: The Coded and Real Levels of Independent Parameters

Parameter 
Notation Ranges and Levels 

-2 -1 0 1 2 

Peak current I 2 5 8 12 15

Pulse on time Ton 5 10 20 30 40
Pulse off time Toff 20 25 30 35 40
Flushing pressure P 0.3 0.6 0.9 1.2 1.5

Table 2.3: The Design of Experiment

Exp. Run A:Current B:Ton C:Toff D:Flushing 
Pressure MRR SR

  A Us Us kg/sq.cm g/min um
1 16 5 10 25 0.6 0.019 8.844
2 25 12 10 25 0.6 0.051 9.656
3 30 5 30 25 0.6 0.043 10.995
4 28 12 30 25 0.6 0.121 7.831
5 19 5 10 35 0.6 0.028 5.413
6 17 12 10 35 0.6 0.087 10.652
7 10 5 30 35 0.6 0.028 5.766
8 2 12 30 35 0.6 0.096 10.457
9 14 5 10 25 1.2 0.018 5.031

10 5 12 10 25 1.2 0.085 6.079
11 3 5 30 25 1.2 0.036 11.45
12 7 12 30 25 1.2 0.078 10.518
13 9 5 10 35 1.2 0.017 4.457
14 12 12 10 35 1.2 0.092 11.759
15 29 5 30 35 1.2 0.027 10.673
16 13 12 30 35 1.2 0.087 8.179
17 6 1.5 20 30 0.9 0.0087 12.565
18 21 15.5 20 30 0.9 0.148 13.35
19 1 8.5 0 30 0.9 0.023 8.858
20 23 8.5 40 30 0.9 0.055 11.081
21 20 8.5 20 20 0.9 0.057 5.81
22 4 8.5 20 40 0.9 0.063 1.903
23 8 8.5 20 30 0.3 0.059 5.917
24 26 8.5 20 30 1.5 0.064 3.914
25 22 8.5 20 30 0.9 0.053 10.123
26 18 8.5 20 30 0.9 0.072 8.321
27 27 8.5 20 30 0.9 0.064 10.089
28 11 8.5 20 30 0.9 0.068 6.976
29 15 8.5 20 30 0.9 0.058 4.772
30 24 8.5 20 30 0.9 0.062 9.993

After using the values into the software and choosing number of parameters and the number of response the design of experiment is 
created. Design expert V 8.0.1 is used to design the experiment. The number of runs and the run order or standard order is automatically 
created by the software. For the given experimentation the number of parameters is four and number of responses is 2 using CCD 
total numbers of 30 runs are generated by the software. 
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III. Results and Discussion

A. Analysis of Material Removal Rate
The fit summary recommended that the quadratic model is statistically significant for analysis of MRR. The results of the quadratic 
model for MRR in the form of ANOVA are given in Table 3.1.

Table 3.1: ANOVA table for MRR
Source SS Df MS F-Value p-value  
Model 0.028 8 3.51E-03 41.5 < 0.0001 significant

A-Current 0.024 1 0.024 284.07 < 0.0001  
B-Ton 1.40E-03 1 1.40E-03 16.49 0.0006  
C-Toff 2.20E-05 1 2.20E-05 0.26 0.6151  

D-Flushing Pressure 2.20E-05 1 2.20E-05 0.26 0.6151  
BC 5.18E-04 1 5.18E-04 6.12 0.022  
BD 4.73E-04 1 4.73E-04 5.59 0.0278  
A^2 3.85E-04 1 3.85E-04 4.55 0.0449  
B^2 1.08E-03 1 1.08E-03 12.75 0.0018  

Residual 1.78E-03 21 8.46E-05    
Lack of Fit 1.54E-03 16 9.65E-05 2.07 0.2157 not significant
Pure Error 2.33E-04 5 4.66E-05    
Cor Total 0.03 29     
Std. Dev.  9.20E-03 R-Squared 0.9405  

Mean  0.059 Adj R-Squared 0.9178  
C.V. %  15.61 Pred R-Squared 0.8664  
PRESS  3.99E-03 Adeq Precision 25.977  

Statistical inferences:
The Model F-value of 41.5 implies the model is significant. 1. 
There is only a 0.01% chance that a “Model F-Value” of this 
much magnitude could occur due to noise. 
The “Lack of Fit F-value” of 2.07implies the Lack of Fit is 2. 
not significant relative to the pure error. There is a 21.57 % 
chance that a “Lack of Fit F-value” of this order could occur 
due to noise. Non-significant lack of fit is good.
Values of “Prob > F” less than 0.0500 indicate model terms are 3. 
significant. In this case A, B, BC, BD, A2, B2 are significant 
model terms.  

B. Effect of Process Variables on Materials Removal 
Rate
The regression coefficients of the second order equation are 
obtained by using the experimental data (Table 5.2). The regression 
equation for the materials removal rate as a function of four input 
process variables was developed using experimental data and 
is given below. The coefficients (insignificant identified from 
ANOVA) of some terms of the quadratic equation have been 
omitted.

1. Final Equation in Terms of Coded Factors
MRR =+0.061+0.032* A+7.625E-003* B+9.583E-004 * 
C-9.583E-004* D-5.687E-003* B * C-5.437E-003 *B * D+3.678E-
003 * A2-6.159E-003 * B2

The above response surface is plotted to study the effect of process 
variables on the material removal rate and is shown in below 
figures. From figure 3.5 the material removal rate is found to have 
an increasing trend with the increase of pulse on time and at the 
same time it decreases with the increase of pulse off time. This 

establishes the fact that material removal rate is proportional to 
the energy consumed during machining and is dependent not only 
on the energy contained in a pulse determining the crater size, but 
also on the applied energy rate or power. It is seen from Figure 
3.6 that material removal rate increases with increase in the peak 
current values. The higher is the peak current setting, the larger 
is the discharge energy. This leads to increase in material removal 
rate. But, the sensitivity of the peak current setting on the cutting 
performance is stronger than that of the pulse on time. 

Fig. 3.1: Normal Plot of Residual for MRR
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Fig 3.2: Plot of Fig Residual vs. Run

Fig. 3.3: Plot of fig Residual Vs Predicted for MRR
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Fig. 3.4: Interaction Plot of Ton and Toff for MRR
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Fig. 3.5: Interaction Plot of flushing pressure and Ton for MRR

Displays the normal probability plot of residuals are falling on a straight line, which means that the errors are normally distributed. 
Further, each observed value is compared with the predicted valve calculated from the model in fig 5.8. It can be seen that the 
regression model is fairly well fitted with the observed valves.

C. Analysis of Surface Roughness
For surface roughness, the fit summary recommended that the quadratic model is statically significant for analysis. The results of the 
quadratic model for surface roughness in the form of ANOVA are given in Table: 3.3.

Source SS Df MS F-Value p-value  
Model 223.825 6 37.3042 41.366 < 0.0001 Significant

A-Current 153.242 1 153.242 169.928 < 0.0001  
B-Ton 7.94075 1 7.94075 8.80535 0.0069  
C-Toff 0.57011 1 0.57011 0.63218 0.4347  
A^2 23.6877 1 23.6877 26.2668 < 0.0001  
B^2 29.498 1 29.498 32.7098 < 0.0001  
C^2 24.3229 1 24.3229 26.9712 < 0.0001  

Residual 20.7416 23 0.90181    
Lack of Fit 19.527 18 1.08484 4.46588 0.0526 not significant
Pure Error 1.21458 5 0.24292    
Cor Total 244.567 29     
Std. Dev.  0.94964 R-Squared  0.91519  

Mean  8.38107 Adj R-Squared  0.89307  
C.V. %  11.3307 Pred R-Squared  0.82439  
PRESS  42.9492 Adeq Precision  22.0342  
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Statistical Inferences: 
The Model F-value of 41.3 implies the model is significant. 1. 
There is only a 0.01% chance that a “Model F-Value” of this 
much magnitude could occur due to noise. 
The “Lack of Fit F-value” of 2.07implies the Lack of Fit is 2. 
not significant relative to the pure error. There is a 4.46588% 
chance that a “Lack of Fit F-value” of this order could occur 
due to noise. Non-significant lack of fit is good.
Values of “Prob > F” less than 0.0500 indicate model terms 3. 
are significant. In this case A, B, A2, B2,C2 are significant 
model terms.  

D. Effect of Process Variables on Surface Roughness
 The regression coefficients of the second order equation are 
obtained by using the experimental data. The regression equation 
for the surface roughness as a function of four input process 
variables was developed using experimental data and is given 
below. The coefficients (insignificant identified from ANOVA) of 
some terms of the quadratic equation have been omitted.

Final Equation in Terms of Actual Factors:
SR = -38.31078 +1.99839 * Current +0.35304 * Ton+2.26769 * 
Toff 0.075084* Current 2 -0.010264 * Ton2-0.037281* Toff2

Normal probability plot has been drawn for residuals in Figure 3.9. 
Linearity of this normal plot confirms the normal distribution of the 
data. It can be seen from Figure 3.10 that all the actual values are 
following the predicted values. The normality plot of the residuals 
above shows that the residuals follow a normal distribution. Both 
plot of residuals versus fitted values and plot of residuals versus 
run order do not show any pattern. Thus, both constant variance 
and independence assumptions are satisfied.

Fig. 3.6: Normal Plot of residual for normal % probability

Fig. 3.7: Normal Plot of residual vs run for studartized residual

Fig. 3.8: Normal Plot of Residual Vs Predicted for Flushing 
Pressure and Ton for SR

Fig. 3.9: Normal Plot of Predicted Vs Actual
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Fig. 3.10: Interaction Plot of flushing pressure and Toff for SRDesign-Expert® Sof tware
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Fig. 3.11: Interaction Plot of Toff and Ton for SR
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Fig. 3.12: Interaction Plot of current and Ton for SR

The above response surface is plotted to study the effect of process 
variables on the surface roughness and is shown in Figures It is 
clear that from Figure 3.13 the surface roughness has an increasing 
trend with the increase of pulse on time and at the same time it 
decreases with the increase of pulse off time. The surface roughness 
is most affected by the amount of discharge energy which increases 
with increase in pulse on-time. The surface roughness depends 
on the size of spark crater. A shallow crater together with a larger 
diameter leads to a better workpiece surface roughness. To obtain 
a flat crater, it is important to control the electrical discharging 
energy at a smaller level by setting a small pulse-on time (Ton). 
A large discharging energy will cause violent sparks resulting in 
a deeper erosion crater on the surface. Accompanying the cooling 
process after the spilling of molten metal, residues will remain at 
the periphery of the crater to form a rough surface. Furthermore, 
greater discharge energy will produce a larger crater, causing a 
larger surface roughness value on the workpiece. It is seen from 
Figure 3.14 that surface roughness increases slightly with increase 
in the peak current values. The higher is the peak current setting, 
the larger is the discharge energy. This leads to increase in surface 
roughness.
The valve of R2 and adjusted R2 is 95.57% and 91.44%, this 
means the regression model provides an excellent explanation of 
the relationship between the independent variables (factors) and 
the response (SR). The associated P-valve for the model is lower 
than .05 (i.e  α=.05, or 95% confidence) indicates the model is 
considered to be statistically significant [2,21]. The lack of fit term 
is non-significant as it is desired. Further, A (current), B(pulse 
on time), C(pulse off time), AB(interaction effect of current with 
factor pulse on time),  A2 (second order of term current) have 
significant effect.
Fig 3.7 displays the normal probability plot of residuals are 
falling on a straight line, which means that the errors are normally 
distributed. Further, each observed value is compared with the 
predicted value calculated from the model in fig 3.8. It can be seen 
that the regression model is fairly well fitted with the observed 
values.
Fig.3.9 shows the estimated response surface for SR in relation 
to the design parameters of pulse on time and current. The SR 
tends to increase considerably with current and also with increase 
in pulse on time. This is due the dominant control over the input 
energy. It is clear from the fig. that the best surface finish is at the 
lower level of Peak current 3A and pulse on time 90 µs.

A. Desirability Function 
Derringer and Suich [15] describe a multiple response method 

called desirability. It is an attractive method for industry for the 
optimization of multiple quality characteristic problems. The 
method makes use of an objective function, D(X), called the 
desirability function (utility transfer function) and transforms 
an estimated response into a scale-free value (di) called 
desirability. 
Composite desirability is the weighted geometric mean of the 
individual desirability for the responses. The factor settings with 
maximum total desirability are considered to be the optimal 
parameter conditions. The optimization is accomplished by:

Obtaining the individual desirability (d) for each response;• 
Combining the individual desirability to obtain the composite • 
desirability (D); and
Maximizing the composite desirability and identifying the • 
optimal settings. 

B. Single Response Optimization 
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Fig. 4.1: Interaction Plot of Toff and Ton for desirability
Design-Expert® Sof tware

Desirability
1

0

X1 = B: Ton
X2 = D: Flushing Pressure

Actual Factors
A: Current  = 12.00
C: Tof f  = 25.22

  10.00

  15.00

  20.00

  25.00

  30.00

0.60  

0.75  

0.90  

1.05  

1.20  

0.670  

0.715  

0.760  

0.805  

0.850  

  D
es

ira
bi

lity
  

  B: Ton    D: Flushing Pressure  

Fig. 4.2: Interaction Plot of flushing pressure and Ton for 
desirability

The constraints for the optimization of individual response 
characteristics like metal removal rate and surface roughness are 
given in Tables below. Goals and limits were established for each 
response individually in order to accurately determine their impact 
on individual desirability.
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Number Current Ton Toff Flushing Pressure* SR Desirability  
1 5 30 25 0.94 4.543 0.769 Selected
2 5 30 25 1.08 4.549 0.769  
3 5 30 25 0.88 4.549 0.769  

C. Multi-response Optimization
Multi response optimization was carried out using desirability 
function in conjunction with response surface methodology 
to overcome the problem of contradictory responses of single 
response optimization. All possible multi-characteristic models 
have been developed. Goals and limits were established for each 
response in order to accurately determine their impact on overall 
desirability. A maximum or minimum level is provided for all 
response characteristics which are to be optimized. Weights 
are assigned in order to give extra emphasis to upper or lower 
bounds or to emphasize a target value. The importance is assigned 
depending upon the specific industry. Importance varies from the 
least important (1), to the most important (5).

Model 1: Metal Removal Rate and Surface Roughness

The ranges and goals of input parameters like pulse on time, 
pulse off time, peak current and the response characteristics like 
metal removal rate and surface roughness are given in Table 4.8. 
Metal Removal rate has been assigned an importance of 5 relative 
to surface roughness with an importance of 3, lower and upper 
weight for metal removal rate and surface roughness is to be 
assigned 1.
The goal of optimization is to find an optimal set of conditions 
that will meet all the goals. It is not mandatory that the desirability 
value is 1.0 as if the metal removal rate is increases then the surface 
roughness decreases. So, the value is completely dependent on 
how closely the lower and upper limits are set relative to the actual 
optimum. A set of 10 optimal solutions is derived for the specified 
design space constraints for metal removal rate and surface 
roughness using Design expert 6. The set of conditions possessing 
highest desirability value is selected as optimum condition for the 
desired responses. Table below shows the optimal set of condition 
with higher desirability function required for obtaining desired 
response characteristics under specified constraints.
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Fig. 4.3: Interaction Plot of Flushing current and Ton for 
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Fig. 4.4: Interaction Plot of Current and Ton for Desirability
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Fig. 4.5: Interaction Plot of Toff and Ton for desirability
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Fig. 4.8: Interaction Plot of Toff and Ton for Desirability

Factor Response Current Ton Toff Pressure Predicted Response Experimental Response  
MRR 12 30 25.22 0.6 10.2273 Mm3/min 0.198 Mm3/min Selected
SR 11.97 30 25 0.6 4.549 µm 4.991 Um  

The ramp function graphs and bar graphs (Figures 5.17-5.22) 
drawn using Design Expert 6.0 and show the desirability for each 
factor and each response. The dot on each ramp reflects the factor 
setting or response prediction for that response characteristic. 
The height of the dot shows how desirable it is. A linear ramp 
function is created between the low value and the goal or the 
high value and the goal as the weight for each parameter was 
set equal to one. Bar graphs show the desirability functions (di) 
of each of the responses (metal removal rate, surface roughness, 

dimensional deviation) and process parameters; di varies from 0 
to 1 depending upon the closeness of the response towards target 
(Aggarwal et. al., 2009). The bar graph shows how well each 
variable satisfies the criterion: values close to one are considered 
good. Table 5.7 reports the final set of optimum levels of various 
process parameters and the predicted values of various response 
characteristics. Values of the control factors have been rounded 
off due to the limitations of machine settings.
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Fig. 4.9: Ramp Function Graph of Desirability for Metal Removal 
Rate 
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Fig. 4.10: Bar Graph of Desirability for Metal Removal rate and 
surface roughness

Table 5.5: Confirmation Test for SR.
Number Current Ton Toff Flushing Pressure Predicted SR Actual SR Error

1 5 30 25 1 4.54923 4.991

Table 5.6: Confirmation Test for MRR.
Number Current Ton Toff Flushing Pressure Predicted MRR Actual MRR            Error
1 12 30 25.22 0.6 0.108619 0.1231

Table 5.7: Combined Confirmation Test for both MRR, SR.

No. Current Ton Toff Flushing Pressure Predicted MRR Predicted SR Actual MRR Actual SR

1 12 30 25.11 0.6 0.10871 9.64784 0.198 10.450
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Fig. 4.11: Confirmation test for MRR and SR 

V. Conclusion
On the basis of present experimental study, following conclusions 
can be drawn regarding the effect of input parameters (peak current, 
pulse on time and Pulse off time) on the response parameters. The 
response curves obtained from the data gave optimum results 
within the range selected in this work for Aluminum metal matrix 
composite with copper electrode of 16 mm diameter.

The response surface methodology optimization of input • 
parameters from 3D surface graph suggest that as we increase 
the current and pulse on time there is increase in material 
removal and decrease in surface finished.
The analysis of variance revealed that the factor peak current, • 
pulse on time are most influential parameters on MRR and 
SR.

ANOVA table for MRR suggested the model is significant
Fig 4.5 3D surface graph shows that as the TON increased • 
from 10 to 30 ampere the MRR increase at the 25 µs Toff 
.but as the Toff increases with Ton there is a rapid decrease 
in the MRR
Fig 4.6 3D surface graph shows that as the Ton increase • 
rapidly but as the both parameter Ton and flushing pressure 
increase simultaneously the MRR shows the decreasing trend 
in the graph.
Fig 5.7 ramp function graph shows desirability for MRR is • 
0.847 also bar graph shows desirability for MRR is 0.773.

ANOVA table SR suggested that the model is significant
Fig 4.13 3D surface graph shows that as the TOFF increase at • 
low peak current the SR decrease but as the both parameter 
TOFF and peak current increase simultaneously the SR shows 
increasing trends in the graph.
Fig 4.9 ramp function graph shows desirability for SR is • 
0.769 and fig. 4.10 bar graph also shows desirability for SR 
is 0.769.
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