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ABSTRACT 

 

This paper investigates the influence of the process parameters like machining voltage, electrolyte concentration, frequency on the over cut 
and Material Removal Rate (MRR). This paper discusses a methodology for the optimization of the machining parameters on drilling of 

Al- SiC - B4C Metal Matrix composites using EMM. The taguchi L27 orthogonal array and analysis of variance are employed to study the 

influence of machining parameters such as machining voltage, Electrolyte concentration, Frequency on the over cut and MRR. Based on 
the Taguchi analysis, optimum level of parameters is determined and the same to validate through the confirmation test. Experimental 

results are in close agreement with the developed model.  

 

Keywords: Metal Matrix Composite (MMCs), Material Removal Rate (MRR), Overcut, Electrochemical micromachining 
(EMM), Taguchi, ANOVA &Design of Experiment. 

 

INTRODUCTION 

 

 EMM is a nontraditional non contact [tool and 

work piece] machining process in which material is 

removed by the mechanism of anodic dissolution 

during an electrolysis process. MMCs having 

outstanding properties like high modules, low 

ductility, high thermal conductivity and low thermal 

expansion, high strength-to-weight ratio, high 

toughness, high-impact strength, high wear 

resistance, low sensitivity to surface flaws, and high 

surface durability. As a result, many of the current 

applications for MMCs are in many industrial 

applications including electronics, bio medicine, 

optics, bio technology, home appliances, Fuel 

injection system components, ordnance components 

mechanical machine parts like turbine blades, engine 

castings, bearing cages, gears, dies and molds and all 

other major parts in automobile and aerospace 

industries. Electrochemical machining is widely 

recognized that has great potential and many 

applications in micromachining. The micro hole is 

the most demanding important basic element while 

fabricating the micro parts and micro devices which 

are best made through EMM.  

 

1. Literature Review: 

 Most of the current literature presents 

experimental results in terms of tool life, quality of 

drilled hole, and induced force when drilling MMCs. 

Shorter pulse period machining voltage produces 

lower side gap and it also increases the unit removal 

[1]. Analysis of variance (ANOVA) was used for 

identifying the significant parameters affecting the 

responses.  In Taguchi’s analysis method, the design 

parameters and noise parameters which influence the 

product quality are considered [2]. Electrochemical 

micromachining (ECMM) is an emerging 

nonconventional technology for producing 

micro/meso scale components. Investigates the effect 
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and parametric optimization process parameters of 

electro chemical micro machining of 304 stainless 

steel [3]. Thanigavelan et al [4] have conducted 

experiments with the developed setup by varying the 

machining voltage, electrolyte concentration, pulse-

on time, and frequency on copper plate. In the study, 

they reported that a considerable amount of MRR at 

a moderate accuracy can be achieved with a 

machining voltage of 6–10 V, pulse-on time of 10–

15 ms, and electrolyte concentration of 15–20 g/l . 

The micro ECM process is complex, and it is not 

easy to decide the optimal machining parameters for 

improving the output quality. The optimization of 

process parameters is essential for the realization of a 

higher productivity, which is the preliminary basis 

for survival in today’s dynamic market conditions. 

Optimal quality of the work piece in ECM can be 

generated through combinational control of various 

process parameters [5]. An attempt made to machine 

the composite work material using the ECM process 

to study the effects of various parameters such as 

applied voltage, electrolyte concentration, and 

frequency on maximizing the MRR and minimizing 

overcut [6]. 

 

3.  Experimental Details: 

3.1 Fabrication Of Al-6063-10% Wt Of Sic- 5% Wt 

Of B4c Hybrid Metal Matrix Composite: 

 The material used in this investigation consists 

of 6063 aluminum alloy as matrix and it is well 

suitable for high temperature application due their 

high thermal conductivity. The aluminum matrix was 

reinforced with 10% wt of SiC - 5% wt of B4C.  The 

average particle size SiC was 50 microns and B4C 

was 50 microns. The composites were prepared 

through stir casting route as shown in Figure 1. The 

aluminum alloy was preheated in a resistance furnace 

at 450º C for 2 hour before melting. SiC and B4C 

were also preheated in a resistance furnace at 1100º 

C for 2 hour. The preheated reinforcements were 

added and mixed manually. Manual mixing was used 

because it was very difficult to mix using automatic 

device when the alloy was in a semisolid state. The 

composite slurry was then reheated to a fully liquid 

state, and mechanical mixing was carried out for 

about 20 min at an average mixing speed of 300 rpm. 

The final temperature was controlled to be within 

700°C±30°C, and pouring temperature was 

controlled to be around 700°C. After through stirring, 

the melt was poured into steel molds of size 50x50x5 

mm and allowed to cool to obtain cast sheet. 

 

3.2 Electro-Chemical Micro Machining: 

 EMM (Figure 3.2) is one of the nonconventional 

machining processes. It offers the unique advantage 

of better accuracy with high surface integrity of hard-

machined components; also it has wider application 

because it produces good quality surfaces without 

affecting the metallurgical properties of the work 

material. During ECM, there will be reactions 

occurring at the electrodes i.e. at the anode or work-

piece and at the cathode or the tool along with within 

the electrolyte. Ion and electrons crossing phase 

boundaries (the interface between two or more 

separate phases, such as liquid-solid) would result in 

electron transfer reaction carried out at both anode 

and cathode. It does not induce any deformation 

because no heat is generated while machining. Tool 

electrode feeding system, electrolyte supply system, 

mechanical machining system, inter electrode gap 

control system, pulse rectifier system are the major 

components of the EMM. The tool electrode feed 

mechanism, with resolution of 2 µm along Z – axis 

designed with stepper motor and 8051 micro 

controller. The electrolyte supply system consists of 

filter and pump arrangement. A pulsed power supply 

of 20 v and 30 A with capability for varying voltage, 

current, and pulse width was used [6]. The 

electrolyte of varying concentrations used in this 

study was sodium nitrate (NANO3) and Al – SiC- 

B4C of thickness of 0.4 mm as work piece. Based on 

the literature review and preliminary experiments 

conducted, the initial process parameters and their 

corresponding levels are chosen. The work piece 

thickness 0.4 mm, machining current 0.8 A as fixed 

for entire experiment.  

 

    
 

Fig. 3.1: Stir Casting Set Up.    Fig. 3.2: EMM Set Up. 

 

3.3 Methodology: 

 The optimization of process parameters is the 

key step in the Taguchi method. Twenty seven 

experimental runs (L27) based on the Orthogonal 

Array (OA) of Taguchi methods have been carried 

out. The multi-response optimization of the process 

parameters viz. MRR, Over cut has been performed 

for making a micro hole in the process of micro-

ECM of hybrid Al – SiC- B4C metal matrix 

composites, each experiment was replicated twice. 

Machining time, over cut, MRR noted for every trial.   

There are three categories of quality characteristic in 

the analysis of the S/N ratio: 

1. Larger is better 
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2 Nominal is best 

3. Smaller is best 

Larger is better 

 The signal-to-noise (S/N) ratio is calculated for 

each factor level combination. The formula for the 

larger-is-better S/N ratio using base 10 log is: S/N =  

- 10log [sum (1/Y
2
)/n)] 

where Y = responses for the given factor level 

combination and  n = number of responses in the 

factor level combination.  

Nominal is best (I) 

 The signal-to-noise (S/N) ratio is calculated for 

each factor level combination. The formula for the 

nominal-is-best I S/N ratio using base 10 log is: S/N 

= -10 log ( 10 s
2
) 

where s = standard deviation of the responses for all 

noise factors for the given factor level combination.  

Nominal is best (II) 

 The signal-to-noise (S/N) ratio is calculated for 

each factor level combination. The formula for the 

nominal-is-best II S/N ratio using base 10 log is: S/N 

= 10 log((Y
2
)

 
/ s

2
)  

where Y = mean of responses for the given factor 

level combination, s = standard deviation of the 

responses for the given factor level combination, and 

n = number of responses in the factor level 

combination.  

Smaller is better 

 The signal-to-noise (S/N) ratio is calculated for 

each factor level combination. The formula for the 

smaller-is-better S/N ratio using base 10 log is: S/N = 

-10 log [sum (Y
2
)/n)] 

where Y = responses for the given factor level 

combination and n = number of responses in the 

factor level combination.  In this study higher MRR 

and Lower over cut are desired. Therefore MRR is 

Larger is better and Overcut is Smaller is better 

chosen for this study.  

 

Results & Discussions 

 

4.1 Single Response Optimization Of Machining 

Parameters For The Drilling Of Al 6063 - 10 % Wt 

Of Sicp – 5 % Wt Of B4c: 

 The assignments of process parameters with 

their levels identified for this investigation are given 

in Table 4.1. Based on Taguchi’s L27 OA, drilling 

experiments were conducted on the EMM of Al 

6063-SiCp - B4C. The experimental results such as 

MRR and overcut were gathered for each trial and it 

is shown in Table 4.1. S/N ratios were calculated for 

all the responses since the objective of this work was 

the maximization of MRR and minimization of 

overcut. Therefore, MRR, which is larger-is-better 

and overcut that, is smaller-is-better type was 

considered for the analysis. The S/N ratio for large-

is-better type is given by the equation and smaller the 

better is given by the equation. The S/N ratio was 

computed using the equations for each of the twenty-

seven trial conditions for the MRR and overcut and is 

shown in Table 4.1. Figures 4.1 and 4.2 show the 

optical image for micro-hole of Al 6063-SiCp – B4C 

MMC. The optimal setting levels for each factor 

resulting from S/N ratios were shown in Table 4.2. 

 

    
 

Fig. 4.1: Optical image for micro-hole 7V /20 g/l/ 40   Fig. 4.2: Optical image for micro-hole 10V /20  

               Hz of Al6063-SiCp - B4C MMC.                                          g/l / 55 Hz of Al6063-SiCp – B4C MMC. 

 
Table 4.1: Experimental results for L27 OA of Al6063-SiCp – B4C MMC. 

S/N ratio of MRR and overcut 

Trial No V E F MRR mg/min Overcut   µ m S/N ratio  for MRR S/N ratio  for overcut 

1 4 20 25 0.27 243 -11.373 -47.694 

2 4 20 40 0.34 194 -9.370 -45.772 

3 4 20 55 0.31 168 -10.173 -44.529 

4 4 30 25 0.45 183 -6.936 -45.262 

5 4 30 40 0.49 152 -6.196 -43.637 

6 4 30 55 0.26 170 -11.701 -44.599 

7 4 40 25 0.33 222 -9.630 -46.945 

8 4 40 40 0.51 200 -5.849 -46.036 

9 4 40 55 0.38 96 -8.404 -39.683 

10 7 20 25 0.42 156 -7.535 -43.889 

11 7 20 40 0.4 198 -7.959 -45.917 

12 7 20 55 0.57 165 -4.883 -44.365 

13 7 30 25 0.34 148 -9.370 -43.425 

14 7 30 40 0.39 212 -8.179 -46.538 

15 7 30 55 0.42 189 -7.535 -45.511 

16 7 40 25 0.46 123 -6.745 -41.829 

17 7 40 40 0.38 186 -8.404 -45.412 

18 7 40 55 0.56 110 -5.036 -40.844 

19 10 20 25 0.47 196 -6.558 -45.863 
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20 10 20 40 0.31 221 -10.173 -46.883 

21 10 20 55 0.34 195 -9.370 -45.819 

22 10 30 25 0.43 183 -7.331 -45.270 

23 10 30 40 0.39 143 -8.179 -43.087 

24 10 30 55 0.44 170 -7.131 -44.622 

25 10 40 25 0.29 112 -10.752 -40.956 

26 10 40 40 0.37 192 -8.636 -45.684 

27 10 40 55 0.51 178 -5.849 -45.111 

 

4.2 Analysis for MRR of Drilling Al6063-SiCp – B4C 

MMC: 

 Figure 4.3 shows the main effects at each level. 

It can be seen that the optimal values for the 

maximum MRR is a machining voltage of 7 V, an 

electrolyte concentration of 40 g/l and a frequency of 

55 Hz. Figure 4.4 shows the residual plot MRR. 

Table 4.2 shows the response table for S/N ratio of 

MRR.  

 Figure 4.5 shows the interaction plot for S/N 

ratio of MRR. The interaction plot was made 

pictorially reflect the interactions of the process 

parameters on MRR. In the full-interaction plot, two 

panels per pair of process parameters were shown . It 

shows that the MRR is maximum in the combination 

value of medium voltage, higher electrolyte 

concentration and higher frequency. 

 
Table 4.2: Response table for the MRR of drilling Al 6063-SiCp – B4C MMC Signal-to-noise ratios (larger-is-better). 

Level Voltage (V) Electrolyte 
level  concentration (E) 

Frequency ( F ) 

1 -8.848 -8.599 -8.470 

2 -7.294 -8.062 -8.105 

3 -8.220 -7.701 -7.787 

Delta 1.554 0.899 0.683 

Rank 1 2 3 

 

                  
 

Fig. 4.3: S/N ratio graph for the MRR    Fig. 4.4: Residual graph for the MRR 

              of drilling Al6063-SiCp – B4C MMC.    of drilling Al6063-SiCp – B4C MMC. 

 
 

Fig. 4.5: Interation plot for the S/N ratios of MRR of drilling Al6063-SiCp – B4C MMC. 

 

4.3 Analysis for Overcut of the Drilling Al6063-SiCp 

– B4C MMC: 

 Table 4.3 shows the response table for S/N ratio 

of overcut and its ranked order. Figure 4.6 shows the 

main effects at each level. It can be concluded that 

the optimal values for a minimum overcut is a 

machining voltage of 7 V, an electrolyte 

concentrations of 40 g/l and a frequency of 55 Hz. 

Figure 4.7 shows the residual plot for overcut. Figure 

4.8 shows the interaction plot for S/N ratio of the 

overcut. The interaction plot was made to pictorially 

reflect the interactions of the process parameters on 

overcut. In the full-interaction plot, two panels per 

pair of process parameters were shown. It shows the 

overcut is maximum in the combination value of 

medium voltage, higher electrolyte concentration and 

higher frequency. 
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Table 4.3: Response table for the overcut of drilling Al 6063-SiCp – B4C MMC Signal-to-noise ratios (smaller-is-better). 

Level Voltage (V) Electrolyte level  concentration (E) Frequency ( F ) 

1 -44.90 -45.63 -44.56 

2 -44.18 -44.66 -45.44 

3 -44.80 -43.59 -43.88 

Delta 0.72 2.04 1.56 

Rank 3 1 2 

 

             
 

Fig. 4.6: S/N ratio graph for the overcut    Fig. 4.7: Residual graph for the overcut 

               of drilling Al 6063-SiCp – B4C MMC.                of drilling Al 6063-SiCp – B4C MMC. 

 
 

Fig. 4.8: Interaction plot for the S/N ratios of overcut of drilling Al 6063-SiCp – B4C  MMC. 

 

4.4 Confirmatory Test for the Drilling of Al 6063-

SiCp – B4C: 

 Table 4.4 shows the S/N ratio of the predicted 

MRR and the actual MRR. Based on the 

Confirmatory test, the MRR is improved by 107.4 % 

with respect to the initial parametric setting. 

Therefore, the parametric combination suggested for 

the higher MRR is a machining voltage of 7 V, an 

electrolyte concentration of 40 g/l and a frequency of 

55 Hz. 

 Table 4.5 shows the comparison of the S/N ratio 

of the predicted overcut with the actual overcut. 

Based on the Confirmatory test, the overcut is 

improved by 54.73% with respect to the initial 

parametric setting. The parametric combination 

suggested that for the lesser overcut, a machining 

voltage of 7 V, an electrolyte concentration of 40 g/l 

and a frequency of 55 Hz is required. 

 

Table 4.4: Confirmatory test table for the MRR of drilling Al 6063-SiCp – B4C MMC. 

 Initial levels of machining parameters Optimal combination levels of machining parameters 

Prediction and Experiment Improvement 

Level V1E1F1 V2E3F3  

MRR  (mg/min) 0.27 0.56 107.4 % 

 
Table 4.5: Confirmatory test table for the overcut of drilling Al6063- SiCp –B4C MMC. 

 Initial levels of machining 

parameters 

Optimal combination levels of machining parameters 

Prediction and experiment Improvement 

Level V1E1F1 V2E3F3  

Overcut  (µ m) 243 110 54.73 % 

 

5. Conclusions: 

 The Present investigation is focused on 

optimization and analysis electrochemical micro 

machining of Al 6063-SiCp – B4C metal matrix 

composites machining parameters. From the study of 

result in EMM was using Taguchi’s techniques and 

ANOVA. The following can be concluded from the 

present study. 

1. Based on the confirmation test, the 

improvements of the MRR from the initial machining 
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parameters to the optimal machining parameters are 

about 107.4 %. 

2. The optimal values for maximum MRR were 

machining voltage of 7 V, an electrolyte 

concentration of 40 g/l and a frequency of 55 Hz. 

3. Based on the confirmation test, the 

improvements of the Overcut from the initial 

machining parameters to the optimal machining 

parameters are about 54.73 %. 

4. The optimal values for minimum Overcut were 

machining voltage of 7 V, an electrolyte 

concentration of 40 g/l and a frequency of 55 Hz.  

5. The results of ANOVA, the Voltage and 

Frequency are the significant machining parameters 

for affecting the MRR. Similarly the electrolyte 

concentration and Frequency are the significant 

machining parameters for affecting the Over cut. 
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