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The study mostly emphasizes on selecting the best machining parameters among the conducted experiments and 
evaluating the optimal machining parameters for Al5083/10wt%B4C (boron carbide) composite in electro discharge 
machine (EDM). The paper is an integration of equally weighted experimental and computational study. In the experimental 
part of the study, specimen of Al5083/10wt%B4C is prepared by the popular ex-situ technique in an induction furnace 
through stir casting process.The experimental part includes design of experiment by Taguchi’s method, performing the 
experimentation for the different machining combinations and finally measuring of performance parameters The 
computational part of the study is the formulation of predictive model using soft computing techniques like response surface 
methodology (RSM), Taguchi and multi-variate regression analysis (MVA). The performance of the three techniques were 
scrutinised on a statistical platform and model formulated by RSM emerged as the best. The developed model is less than 
5% error. The output values show that input process parameters has significant influenced on material removal rate and 
surface roughness.  

Keywords: RSM, Taguchi,	ܴܴܯ, EDM, B4C 

Introduction 
Metal matrix composite (MMC) component are 

manufactured by various process such as forging and 
casting. But the conventional machining operation is 
difficult to perform on MMC due to the presence of 
hard particle into the soft matrix; due to poor 
machinability of composite restricted its application. 
While other machining process are suitable to some 
extent such as water jet machining, laser beam 
machining, due to high cost of equipment and poor 
surface finish of machined surface and restricted to 
linear cutting constraint its application. EDM process 
shows better replacement of the other available 
machining process because it can produce any 
complex shapes into the workpiece and electrode does 
not touch the work piece. 
 
Materials 

Aluminum –Magnesium based composite favored 
over the other engineering material which is 
applicable in aviation and automobile manufacturing 
company mainly due to its high strength to weight 
ratio and low density. The material used for the 
experiment is Al5083/B4C composite. It is fabricated 

by stir casting technique. Bhuyan et al.1 investigated 
the optimized machining condition of EDM of Al-
24%SiC composite and author found that TOPSIS 
technique is easy and auspicious technique to convert 
the multi machining characteristics into single value. 
Soundararajan et al.2studied the machining of squeeze 
cast A413 alloy and the author analysis from ANOVA 
that the machining parameters have effects on 
machining output. Mascaraque-Ramirez & Franco 
studied the effect of machining parameters of EDM 
and found that current intensity has great effect on the 
SR and 3ܴܴܯ.Maher et al.4 studied the effect of 
machining process parameters on machining 
performance and applied the neuro fuzzy inference 
system (ANFIS). Debnath et al.5 studied the 
relationship of EDM input parameters and output 
performance of Al-4.5Cu-SiC composite. 
 Bhushan study the machining parameters and 
power consumption during the machining process of 
Al composite the multi objective optimization and 
optimized results shows that power consumption 
reduction by 13.55% 6. Hourmand et al.7 analysed the 
effect of process parameters the results shows that the 
most effecting parameters among all is ௢ܶ௡. Khana  
et al.8analysed the effect of EDM process parameters 
on the SR of HSLA through grey relational analysis 
(GRA). Kumar et al.9 analysed the influence of EDM 
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process parameters on the hybrid composite.Gupta 
and Sood investigated the effect of process parameters 
of turned AISI 4340 steel10.Rajkumar et al.11 implies 
(DFA) for optimizing the process parameters on 
micro drilling (CFRP) composite. Natraj and 
Balasubramanian investigated the methods to 
optimise the process parameter for machining LM6 to 
achieved minimum surface finish12.From the literature 
survey the author found there is not much work has 
been done the Al5083/B4C composites. Moreover, a 
very little attention is given on optimisation and 
modelling of the performance parameters. 
 
Experimental Procedure: 

The Al5083- 10wt% B4C metal matrix composite 
(MMC) which is prepared through stir casting process 
by an induction furnace in a graphite crucible is 
roughly cut by hack saw after being moulded in a 
mould. It is then finished by grinding followed by 
polishing. After enough literature review four 
quantitative machining parameters such as; pulse on 
time, pulse off time and Input current are selected for 
experiment. The list of input parameters for the given 
experiments along with their level is given in table 1.  

The quantitative and qualitative factors which are 
described in table 1 factors like sample materials, 
height of sample and dielectric fluid are kept 
constant for the 09experiments. Taguchi’s L9 
orthogonal array is the deciding factor for the 
number of experiments to be performed, sequence & 

planning of experiments and the combination of 
input parameter used. 
 

Response Variable Evaluation 
In order to calculate the material removal rate 

 with the help of an empirical formula ,(ܴܴܯ)
గ௥మ೗௧  

where r = radius of drill circular holes(mm),l=depth of 
drill circular holes(mm),	ݐ= period of trial (minute) 

The measurement of(average roughness) ܴ௔ was 
performed by taking a cut off length of 0.8 mm, 
without removing the workpiece. The mean of  
these five values were utilised to train the 
regression analysis. The unit of ܴ௔	is		µm			ܽ݊݀		ݐ݅݊ݑ	݂݋	ܴܴܯ	ݏ݅		mm3/min. An 
orthogonal array L09 was chosen for this research. The 
experimental sequence with their results and the 
signal to noise ratio are given in Table 2. 
 

Result and Discussions 
Analysis of signal to noise ratio 

There are a total of 2 performance parameters for 
the experimental study. The effect of the input 
parameters on the experimental response values was 
evaluated with an (signal to noise ratio) S/N ratio 
response table, and the optimal machining parameters 
were obtained on the basis of the higher and lower 
S/N ratio in the levels of the control factors.  

The effect of control factor to the response is 
determined by its angle of inclination. The highest S/N 
ratio with the level of control factors gives the optimal 
value of level. In this experimental result, the maximum ܴܴܯ is achieved by the selecting the parameters ௢ܶ௡=4: ௢ܶ௙௙=4: ܫ. ܲ.	=16 and the minimum ܴ௔is achieved by 
selecting the parameters ௢ܶ௡=8: ௢ܶ௙௙=6: ܫ. ܲ.	=16. 
 

Response surface methodology 
The regression model for the experimental 

parameters of MRR and Ra is shown below 

Table 1 — Experimentation level for different inputs 

Sl. 
No. 

Symbols Machining 
parameters 

Levels 

1 ௢ܶ௡(µs) Pulse on time 4(50) 6(150-200) 8(500-600) 

2 ௢ܶ௙௙ (µs) Pulse off time 4(20) 6(40) 8(150) 

.ܫ 3 ܲ.	 (A) Induced current 8 12 16 

Table 2 — Experimental sequence with their results and its S/N ratio 

Sl. No ௢ܶ௡(µs) ௢ܶ௙௙ (µs) ܫ. ܲ.	 (A) ܴܴܯ (mm3/min) Ra(µm) S/N of ܴܴܯ S/N of Ra 

1 4 4 8 7.926886 3.641250 17.9821 -11.2250 

2 4 6 12 8.938678 4.157454 19.0255 -12.3765 

3 4 8 16 5.790224 4.211449 15.2539 -12.4886 

4 6 4 12 16.36306 5.910887 24.2773 -15.4331 

5 6 6 16 15.23861 6.381466 23.6589 -16.0984 

6 6 8 8 8.29670 6.087400 18.3781 -15.6886 

7 8 4 16 20.36783 7.354700 26.1789 -17.3313 

8 8 6 8 14.4822 6.799200 23.2167 -16.6492 

9 8 8 12 10.2849 6.212700 20.2440 -15.8656 
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	ܴܴܯ										 = 	−36.45	 +  9.469 ∗ ௢ܶ௡ +  5.095∗  ௢ܶ௙௙ 	+  0.8364∗ .ܫ  ܲ. − 0.5003 ∗ ሺ ௢ܶ௡ሻଶ 	−  0.3857 ∗ ൫ ௢ܶ௙௙൯ଶ 	−  0.03358∗  ሺܫ. ܲ. ሻଶ 	−  0.3461 ∗  ௢ܶ௡ ∗ ௢ܶ௙௙+  0.04032 ∗  ௢ܶ௡ ∗ .ܫ ܲ.												ܴ௔ = 	−8.779	 +  3.231 ∗ ௢ܶ௡ +  1.674 ∗  ௢ܶ௙௙−  0.3045∗ .ܫ  ܲ. − 0.1826 ∗ ሺ ௢ܶ௡ሻଶ 	−  0.08066 ∗ ൫ ௢ܶ௙௙൯ଶ +  0.005721∗  ሺܫ. ܲ. ሻଶ 	−  0.1137 ∗  ௢ܶ௡ ∗ ௢ܶ௙௙+  0.02825 ∗  ௢ܶ௡ ∗ .ܫ ܲ. 
 
Parametric analysis 

The effect of process parameters on various 
machining measures are analysed through contour 
plots. Two performance characteristics ܴܴܯ	ܽ݊݀	ܴ௔ 
are studied over the range of parameters under 

consideration. Two parameters are varied to study the 
effect of responses while other parameters are kept 
constant at middle level.  

Figure 2(a) shows a contour plot for material 
removal rate versus the interaction between	 ௢ܶ௡, ௢ܶ௙௙ and	ܫ. ܲ.	 Higher value of ܴܴܯ is at most 
desirable. Observations made from the figure are as 
follows:  
1. From sub-plots 1 and 2, it is observed that ௢ܶ௡ 

is directly proportional to ܴܴܯ. 
2. From sub-plots 2 and 3, it is observed that I. P. is 

directly proportional to ܴܴܯ.  
3. From sub-plot 1 and 3, it can be concluded that 

the ௢ܶ௙௙ do not substantially contribute to 
prediction model for ܴܴܯ 

Figure 2(b) shows a contour plot for total 
roughness versus the interaction between ௢ܶ௡, ௢ܶ௙௙ 
and I. P. Lower value of ܴ௔ is at most desirable. 
Observations made from the figure are as follows:  

 
 

Fig. 1 — Main effect plot S/N ratios of the input parameters a) ܴܴܯ	 and b) ܴ௔ 
 

 
 

Fig. 2 — (a) Contour plots for material removal rate (b) Contour plots for total roughness 
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1. From sub-plots 1 and 2, it is observed that lower 
value of ௢ܶ௡ is preferred for lower value ofRୟ. 

2. From sub-plots 1and 3, it is observed that there is 
significant influence of ௢ܶ௙௙on	Rୟ. 

3. From sub-plots 2 and 3, it is observed that 
smaller value of ܫ. ܲ.	is preferred for ideal value 
ofRୟ. 

 
Prediction performance of RSM, Taguchi and multivariate 
regression analysis 

From the literature reviewed for the study, it is 
being noticed that most of the researchers and 
academicians test their developed model on 
statistical platform namely coefficient of 
determination (R2) Root Mean Square Error 
(RMSE) and Mean Absolute Percentage Error 
(MAPE). R2 shows the goodness of fit between the 
experimental value and predicted values. RMSE 
study the standard deviation between the predicted 
and experimental values whereas MAPE measure 
the accuracy in prediction of a forecasting tool. The 
R2, RMSE and MAPE values for the predicted 
performance parameters are computed and 
tabulated in the Table 3. The R2 value for RSM 
predicting model is highest among all the predicting 

models whereas the RMSE and MAPE value is the 
least.  

It is observed that the prediction for the output 
parameters of the spark EDM by means of RSM gave 
remarkable statistical association as compared to 
other models. The preciseness of the RSM predicted 
model was remarkable. Figure 3 shows the 
comparison curve for the predicted models with 
respect to the experimental values.  
 

Conclusion 
The experiment part involves preparation of 

composite by ex-situ stir casting process followed by 
selection of machining parameters and design of 
experiments by Taguchi’s method and measurement 
of performance parameters respectively. In the latter 
part of the paper, modelling and optimization has 
been done by applying computational approaches 
viz.RSM, Taguchi and MVA (multi variate analysis) 
has been used for the modelling of the performance 
parameters. After evaluation of R2, RMSE and MAPE 
values the model which possesses the highest R2 and 
least RMSE and MAPE is chosen. After comparing 
the performance parameters obtained experimentally 
with the ones from soft computational approaches. It 
can be concluded that RSM model is best suited for 

Table 3 — Performance assessment of RSM model on statistical platform 

Sl no. Response 
parameter 

RMSE MAPE (%) ܴଶ (%) 
RSM Taguchi Multi-

variate 
RSM Taguchi Multi-

variate 
RSM Taguchi Multi-

variate 
 91.96 99.45 99.99 11.826 2.18723 0.0326 1.2918 0.3368 0.00374 ܴܴܯ 1

2 ܴ௔ 0.00370 0.2017 0.4305 0.0667 2.02693 6.1289 99.99 97.31 87.77 

 

 
 

Fig. 3 — Comparison curves of the experimental values with the predicted values for (a) ܴܴܯ, (b) ܴ௔ 
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prediction. It has been found that the R2 value 
obtained from RSM predicting model for ܴ௔	and	99.99ܴܴܯ% whereas as the RMSE and 
MAPE values are0.00370 and 0.0667, 0.00374 and 
0.0326 respectively. 
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