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ABSTRACT 

S/N analysis is used for optimizing the WEDM input parameters of 356/B4C composites for achieving higher 

MRR. The composite plates were casted using stir casting with 3%, 6% & 9% B4C particles of average particle size 

63 microns and 356 aluminium cast alloy with 7% Si as the reinforcement & matrix materials respectively and 

machining was done using Taguchi’s Design of Experiments. The optimum parameters were selected using S/N 

analysis. Percentage contribution of each input parameters were found using ANOVA.  
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1. INTRODUCTION 

MMCs are having light weight and better wear resistance properties than that of conventional materials. 

Particle reinforced AMCs are regularly used by many scholars for its low density. A long-term issue with particulate 

MMCs are that they are hard to machine due to the abrasive nature of reinforcements like silicon carbide, boron 

carbide etc. (Mohan, 2004). Boron carbide is presently used as reinforcement in aluminium alloys for wear resistance 

applications (Mahesh, 2011). B4C particulate reinforced AMCs have distinct combination of properties than the 

matrix material (Kerti & Toptan, 2008). Boron carbide is a tough material having superior properties, used for 

manufacturing bullet proof vests, control rods, armor tank etc. Hence B4C reinforced AMCs with cheaper casting 

route are desirable (Toptan, 2010). WEDM is a extensively used unconventional machining process used to produce 

parts with intricate profiles (Udaya Prakash, 2012). In WEDM, the electrically conductive work piece is eroded 

ahead of the wire by a series of discrete sparks occurring between the work piece and the wire separated by a stream 

of de-ionized water (Ho, 2004). The desired information was provided with less number of trials yet gives 

reproducible results with adequate precision (Krishnaiah & Shahabudeen, 2012).  

2. EXPERIMENTATION  

Material Selection: Aluminium alloy (356) and Boron Carbide with 63 µm size was chosen based on the properties 

and ease of casting. The composition of 356 Aluminium alloy used in this work was presented in Table.1. 

Fabrication of Composites: Stir casting was used for fabrication of 356/B4C composites. Al 356 were cut into small 

pieces and placed in a crucible and melted in an electric furnace to the temperature of 700oC. Simultaneously B4C 

particles and moulding die were preheated at 250°C and 600°C respectively in separate furnaces. Potassium hexa 

flouro titanate (K2TiF6) was added to the melt for good wettability. B4C particles were added and the mixture was 

continuously stirred by an impeller at 600 rpm for around 10 min. The slurry was then poured into the die of size 

100 x 100 x 10 mm and the composite plate was casted. The stir casting setup is shown in Figure.1. 

Wire EDM Process: The experiments were conducted using Ecocut CNC WEDM manufactured by Electronica 

Corporation. Photograph of ECOCUT - CNC WEDM is shown in Figure.2. 

Taguchi Design of Experiments: The experiments were done as per the standard L27 OA. The analysis was done 

using Signal-to-Noise Ratio analysis. 

3. RESULTS AND DISCUSSION 

The experimental results for MRR and S/N ratio of MRR are tabulated in Table 2. Optimal machining 

parameters were chosen based on Taguchi’s S/N ratio analysis and confirmation experiments were conducted. 

Analysis and Discussion of Results: The effect of each input parameter, on MRR is discussed in this section. The 

S/N ratio of the MRR for each variable at three different levels was calculated from experimental results. The main 

effects of process variables of S/N data were plotted. The response graphs (main effects plot) are used for examining 

the parametric effects on MRR. The ANOVA of S/N data was done to find the significance of each variable and to 

quantify their effects on MRR. The optimum values are recognized from the response graphs. Figure 3 shows that by 

increasing the pulse on time and by decreasing the pulse off time and gap voltage, the MRR increase. This is because 

the discharge energy increases with pulse on time leading to more MRR. The discharge increases with the decrease in 

pulse off time which leads to a higher MRR. With increase in gap voltage the average discharge gap gets widened 

resulting into a lower MRR. Wire feed and percentage reinforcement are neutral parameters. It is clear that MRR is 

minimum at first level of pulse on time and maximum at first level of pulse off time. 

Selection of Optimal Levels: The response Table 3 shows the average of each input parameters (S/N data) for each 

level. The ranks indicate the relative importance of each factor to the response. The response table ( Table 3) shows 

that gap voltage has the greatest effect on MRR and is followed by pulse on time, pulse off time, reinforcement and 
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wire feed in that order. As MRR is the ‘higher is better’ type quality characteristic, Figure.3, infers that the first level 

of gap voltage, third level of pulse on time, first level of pulse off time, first level of wire feed and first level of 

reinforcement provide maximum MRR in WEDM process. The F-value from table at 5% significance level is F0.05, 2, 

20 = 3.49. So, from ANOVA Table 4 we see that Gap Voltage, Pulse on time and Pulse off time are significant. The 

wire feed, percentage reinforcement, the interactions of Gap Voltage with Pulse On time, Gap Voltage with Pulse Off 

time, Gap Voltage with wire feed and Gap Voltage with percentage Reinforcement were pooled up into the error term.  

Confirmation Experiments: The optimum parameters are used for conducting the confirmation experiments and 

also for predicting the MRR. From Figure 3 and response Table 3 the factors at level A1, B3, C1, D1.E1 that is Gap 

Voltage 30 V, Pulse on time 10 µs, Pulse off time 2 µs, Wire feed 4 m/min and reinforcement 3% are the optimum 

parameters for obtaining maximum MRR. The predicted MRR is 38.559 mm3/min and Experimental value of MRR 

is 39.130 mm3/min.  

Table.1. Chemical composition of aluminum alloy (356) 

Constituent Si Cu Fe Mg Mn Ti Ni Zn Al 

Weight % 7.08 0.13 0.49 0.39 0.03 0.06 0.01 0.02 Remainder 

Table.2. Experimental Results 

Exp. No. 

A B C D E 
MRR  

(mm3/min) 
S/N for MRR Gap  

voltage (V) 

Pulse on  

time (µs) 

Pulse off  

time (µs) 

Wire feed  

(m/min) 

Reinforcement  

(wt %) 

1 30 2 2 4 3 31.239 29.89 

2 30 2 6 6 6 23.808 27.53 

3 30 2 10 8 9 18.507 25.35 

4 30 6 2 6 9 32.901 30.34 

5 30 6 6 8 3 32.188 30.15 

6 30 6 10 4 6 30.620 29.72 

7 30 10 2 8 6 37.126 31.39 

8 30 10 6 4 9 31.623 30.00 

9 30 10 10 6 3 32.792 30.32 

10 50 2 2 4 3 24.349 27.73 

11 50 2 6 6 6 17.101 24.66 

12 50 2 10 8 9 15.052 23.55 

13 50 6 2 6 9 27.933 28.92 

14 50 6 6 8 3 23.908 27.57 

15 50 6 10 4 6 20.540 26.25 

16 50 10 2 8 6 31.097 29.85 

17 50 10 6 4 9 24.225 27.69 

18 50 10 10 6 3 23.688 27.49 

19 70 2 2 4 3 13.862 22.84 

20 70 2 6 6 6 10.153 20.13 

21 70 2 10 8 9 7.996 18.06 

22 70 6 2 6 9 15.908 24.03 

23 70 6 6 8 3 13.664 22.71 

24 70 6 10 4 6 12.268 21.78 

25 70 10 2 8 6 20.250 26.13 

26 70 10 6 4 9 14.038 22.95 

27 70 10 10 6 3 16.081 24.13 

Table.3. Response Table 

Level Gap voltage Pulse on Pulse off Wire feed Reinforcement 

1 29.41 24.42 27.90 26.54 26.98 

2 27.08 26.83 25.93 26.40 26.38 

3 22.53 27.77 25.18 26.09 25.65 

Delta 6.88 3.35 2.72 0.45 1.33 

Rank 1 2 3 5 4 
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Table.4. ANOVA Table 

Source of Variation DOF Sum of squares Mean sum of squares F0 Contribution (%) 

A 2 220.65 110.33 169.22 68.27 % 

B 2 53.93 26.97 41.37 16.69 % 

C 2 35.58 17.79 27.29 11.01 % 

Error(Pooled) 20 13.04 0.652  4.03 % 

Total 26 323.20   100% 

 

  
Figure.1. (a) Stir casting setup  (b) Stir casting setup with furnace 
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Figure.2. Photograph of ECOCUT – CNC wire EDM Figure.3. Response Graphs 

4. CONCLUSION 

From the analysis on the results of WEDM of the B4C reinforced metal matrix composites, the following 

conclusion can be drawn from the study.  

 Gap voltage has the highest statistical influence on the MRR of WEDM of the composites (68.27%) followed 

by Pulse on time (16.69%) and Pulse off time (11.01%).  

 The pooled error associated with the ANOVA is 4.03% for the factors shows 95% confidence level.  

 The error associated with MRR of WEDM of the composite is less than 5%. 
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