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Abstract 

In this paper, to study the effect of process parameters of 

Electro discharge machine on shape memory alloy. Output 

responses such as Surface Roughness & MRR are to be studied. 

Manufacturers face problem in selecting input parameters 

which will give stable output response. For optimization 

Taguchi’s design method selected. This method gives optimum 

results for individual response variable. The surface roughness 

and Metal removal rate responses were optimized in this 

experimentation. The optimum parameter and level 

combination of Electro discharge machine for best surface 

roughness were finding from Taguchi technique.  

Keywords- Electro discharge machine, shape memory alloy, 

Surface Roughness, Metal Removal Rate, Taguchi. 

 

1. Introduction: 

Nontraditional machining process uses different energy 

sources to remove the material from workpiece. Electro 

Discharge Machine is nontraditional in which spark is 

generated and material removal take place by the use of thermal 

energy. In EDM workpiece is mounted on table and tool is 

mounted on arbor. Tool and workpiece both used as conductive 

medium. Tool connected to positive terminal and workpiece 

connected to negative terminal of power supply. Kerosine used 

as dielectric fluid.  The di-electric fluid flushes workpiece 

material when spark is generated. Shape memory alloy used in 

various field such as automobile, medical fields.  

 

2. Literature Review- 

Bansiddhi et al (2008) [6] recent research on NiTi foams 

for bone replacement, focusing on three specific topics: (i) 

surface modifications designed to create bio-inert porous NiTi 

surfaces with low Ni release and corrosion, as well as bioactive 

surfaces to enhance and accelerate biological activity. The first 

section is a summary of processing methods and properties of 

NiTi with pore sizes and fractions suitable for implant 

applications. The second section covers surface modifications 

of porous NiTi to create surfaces with low and acceptable Ni 

release levels, improved corrosion resistance, and bioactive 

properties. The third section addresses the biocompatibility of 

porous NiTi (with and without surface treatment), including in 

vitro and in vivo studies for cytotoxicity, genotoxicity, cell 

culture, bone apposition, and tissue ingrowth. From review 

they concluded that the roughness of the pore inner surface may 

have an impact on bone in growth. From that they conclude that 

more focus on future on greater emphasis on final pore surface 

quality, more rapid optimization of porous NiTi for biomedical 

applications is likely to occur in the near future. 

Jaronie Mohd Jani et al. (2012) [7], reviews of shape 

memory alloy research, applications and its opportunities. 

From review they concluded that many researchers mainly 

focus on SMA metallurgical properties, but less focus on 

design and quality of SMA. For that it is require on focus on to 

minimize cost and minimum failure risk. They suggested for 

future scope that to develop optimum design model of SMA, 

which increase effectiveness of SMA quality. 

A.P. Markopoulos et al. (2015) [8], studied failure 

mechanism in SMA and process of deformation. Then they 

studied machining of shape memory alloy using conventional 

and nonconventional machining process. From studied they 

analyses that shape memory alloy machining with conventional 

machines were difficult. Also to maintain quality of SMA 

material is very difficult by conventional machines. While 

Machining was easy with Nonconventional machines, but 

some research to be needed to improve quality of SMA.  

 

3. Problem Statement – 

 To investigation effect of process parameter of EDM on shape 

memory alloy. 

 

4. Design of Experiment - 

4.1 Experimental Setup  

 

Fig.1.EDM setup 
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Fig.2..Machined plates ( Ni Ti Alloy) 

 

Fig.3..Copper electrode 

                          

For experimentation Vinpak EDM machine was used and 

shown in fig 1. The electrode or tool was selected as copper, 

which acts as cathode and workpiece as shape memory alloy 

(NiTi), acts as a anode.20 mm x 25 mm x 15 mm pates of shape 

memory alloy was selected for machining. Kerosene was used 

as dielectric fluid. The EDM specifications as Spark gap to be 

maintain at 10 - 120 µm, Spark frequency as 00 – 500 kHz, 

Peak voltage across the gap as 30 - 250 V  

4.2. Selection of an orthogonal array 

Table. 1. EDM Parameter 

EDM 

Parameters 
Unit Level-1 Level-2 Level-3 

Voltage V 25 30 100 

Current as 

Discharge 
A 10 15 20 

Pulse On 

Time 
us 35 50 100 

Pulse Off 

Time 
us 5 8 9 

4.3. Conducting the experiment 

  Table.2. Orthogonal Array of Experimental Combination 

Test 
Gap 

Voltage 

Discharge 

current 

Pulse 

On 

Time 

Pulse 

Off 

Time 

1 25 10 35 5 

2 25 10 35 8 

3 25 10 35 9 

4 30 15 50 5 

5 30 15 50 8 

6 30 15 50 9 

7 100 20 100 5 

8 100 20 100 8 

9 100 20 100 9 

10 25 15 100 5 

11 25 15 100 8 

12 25 15 100 9 

13 30 20 35 5 

14 30 20 35 8 

15 30 20 35 9 

16 100 10 50 5 

17 100 10 50 8 

18 100 10 50 9 

19 25 20 50 5 

20 25 20 50 8 

21 25 20 50 9 

22 30 10 100 5 

23 30 10 100 8 

24 30 10 100 9 

25 100 15 35 5 

26 100 15 35 8 

27 100 15 35 9 

4.4. Result Analysis: - 

For data analysis a computational tool Minitab TM released 17 

is used from the result table 3, four responses are taken for 

analysis to find out the optimum combination, which can yield 

into good surface finish of the machined surface using grinding 

operation. It helps to propose certain recommendations and 

process parameters, so that a robust grinding operation 

procedure can be set to achieve highest quality surface finish. 

According to L27 orthogonal array, 27 experiments conducted 

and results of surface roughness and metal removal rate shown 

in table 3. 

Table 3. Result Table 

Test 
Gap 

Voltage 

Discharge 

current 

Pulse 

On 

Time 

Pulse 

Off 

Time 

Surface 

roughness  

MRR 

(mm3/ 

min) 

1 25 10 35 5 5.31 7.375 

2 25 10 35 8 5.35 6.146 

3 25 10 35 9 5.55 6.914 

4 30 15 50 5 6.25 6.062 

5 30 15 50 8 6.15 6.056 

6 30 15 50 9 6.44 6.062 

7 100 20 100 5 6.01 6.062 

8 100 20 100 8 5.9 7.375 

9 100 20 100 9 6.26 7.375 

10 25 15 100 5 6.52 6.291 

11 25 15 100 8 6.32 5.531 
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12 25 15 100 9 6.82 4.425 

13 30 20 35 5 4.62 7.375 

14 30 20 35 8 4.52 8.749 

15 30 20 35 9 5.12 7.375 

16 100 10 50 5 5.01 7.375 

17 100 10 50 8 5.24 7.375 

18 100 10 50 9 5.44 6.914 

19 25 20 50 5 6.11 6.062 

20 25 20 50 8 5.96 7.375 

21 25 20 50 9 5.34 6.146 

22 30 10 100 5 5.12 6.062 

23 30 10 100 8 5.05 7.375 

24 30 10 100 9 5.37 5.531 

25 100 15 35 5 5.2 7.375 

26 100 15 35 8 5.18 7.375 

27 100 15 35 9 5.34 7.375 

 

4.5. Signal to Noise Ratio- 

Smaller is Better (S/N) Ratio is used when there is no 

predetermined value for the target, and smaller the value of the 

characteristic, the better the surface finish of the work piece. 

S/N Ratio = −10 𝑙𝑜𝑔10 (
1

𝑛
∑𝑦𝑖

2)                                      (1) 

S/N Ratio for T1 to T27 calculate using above equation and 

presented in table 4. 

Table 4. S/N Ratio and Mean for Surface Roughness 

Test 
Gap 

Voltage 

Discharge 

Current 

Pulse 

On 

Time 

Pulse 

Off 

Time SR  

S/N 

ratio Mean 

1 
25 10 35 5 5.31 

-

14.5019 
5.31 

2 
25 10 35 8 5.35 

-
14.5671 

5.35 

3 
25 10 35 9 5.55 

-

14.8859 
5.55 

4 
30 15 50 5 6.25 

-

15.9176 
6.25 

5 
30 15 50 8 6.15 

-

15.7775 
6.15 

6 
30 15 50 9 6.44 

-

16.1777 
6.44 

7 
100 20 100 5 6.01 

-

15.5775 
6.01 

8 
100 20 100 8 5.9 

-
15.4170 

5.90 

9 
100 20 100 9 6.26 

-

15.9315 
6.26 

10 
25 15 100 5 6.52 

-

16.2850 
6.52 

11 
25 15 100 8 6.32 

-

16.0143 
6.32 

12 
25 15 100 9 6.82 

-

16.6757 
6.82 

13 
30 20 35 5 4.62 

-

13.2928 
4.62 

14 
30 20 35 8 4.52 

-

13.1028 
4.52 

15 
30 20 35 9 5.12 

-

14.1854 
5.12 

16 
100 10 50 5 5.01 

-

13.9968 
5.01 

17 
100 10 50 8 5.24 

-

14.3866 
5.24 

18 
100 10 50 9 5.44 

-
14.7120 

5.44 

19 
25 20 50 5 6.11 

-
15.7208 

6.11 

20 
25 20 50 8 5.96 

-

15.5049 
5.96 

21 
25 20 50 9 5.34 

-

14.5508 
5.34 

22 
30 10 100 5 5.12 

-

14.1854 
5.12 

23 
30 10 100 8 5.05 

-

14.0658 
5.05 

24 
30 10 100 9 5.37 

-
14.5995 

5.37 

25 
100 15 35 5 5.2 

-
14.3201 

5.20 

26 
100 15 35 8 5.18 

-

14.2866 
5.18 

27 
100 15 35 9 5.34 

-

14.5508 
5.34 

From the calculated result of Mean Change and S/N Ratio 

Mean effect factor such as A1, A2, etc. are plotted and shown in 

figure 4 and figure 5 respectively. 

 

Fig. 4. Main effects plot for Means 

 

Fig 5.  Main effects plot for SN ratios 
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Table 5. Response table for S/N ratios of SR 

Level 
Gap 

Voltage 

Discharge 

current 

Pulse On 

Time 

Pulse 

Off Time 

1 -15.41 -14.43 -14.19 -14.87 

2 -14.59 -15.56 -15.19 -14.79 

3 -14.8 -14.81 -15.42 -15.14 

Delta 0.82 1.12 1.23 0.34 

Rank 3 2 1 4 

Referring to table 5, it is seen that the pulse on time is 

influencing as main factor for reducing the surface roughness, 

whereas pulse off time is the least affecting factor.  

From the plot of main effect and SN ratio it states that value of 

S/N ratio decreases as pulse on time increases from low level 

to high level. Similarly, S/N ratio goes on decreasing when the 

current increases, that mean SR increases as current increases, 

the corresponding analysis is shown in fig.6. From the response 

table for the S/N ratio of SR the optimal machining parameters 

are selected as gap voltage at level 2, discharge current at level 

1, pulse on time at level 1 and pulse off time at level 2. 

 

Fig 6. Main effects plot for Surface roughness 

From main effects plot for surface roughness, when pulse 

current increases then it increases spark and increases 

discharge current which affect the surface roughness quality. 

From fig 6. Optimum combinations for surface roughness are 

A2B1C1D2 (Gap voltage 30V, Discharge current 10A, Pulse on 

time 35 us, Pulse off time 8 us ).  

 

Fig.7. Graph of intraction plot for Surface roughness 

From the interaction plot it states that all four parameters were 

more important for control the response parametes.They 

dependent with each other. The most effective parameter is 

dischage current which more affect on quality of suface finish. 

4.6. Analysis of Variance (ANNOVA) – 

To understand about the significant factor, ANOVA table has 

been developed. 

All these statistical calculations are done in MINI TAB 17.0 

software. 

Table 6. ANOVA for Surface Roughness 

Source DF Adj SS Adj MS F-Value P-Value 

Voltage 2 1.3681 0.68403 5.94 0.010 

Discharge 

current 

2 2.6264 1.31320 11.40 0.001 

Pulse on 

time 

2 3.1721 1.5860 13.77 0.000 

Pulse off 

time 

2 0.1906 0.09528 0.83 0.453 

From Table 6. Checking the F-Value it can be verified that 

Pulse on time & discharge current are significant parameters 

affecting Surface roughness.  

Regression Equation for surface roughness (Ra) 

Regression equation (2) was developed using Minitab 17 

software which establishes relationship between surface 

roughness and other input parameters. Using this equation 

approximate Ra value can be predicted by entering the input 

values within the range of EDM. 

 Surface Roughness = 4.514 - 0.00247 V + 0.0267 I 

+ 0.00998 PO + 0.0286 PF             (2)      

4.7. Signal to Noise Ratio MRR-   

Table 7. S/N Ratio and Mean for Metal Removal Rate 

Gap 

Voltage 

Discharge 

Current 

Pulse 

On 

Time 

Pulse 

Off 

Time 

MRR 

(mm3 

/min) 

S/N 

ratio Mean 

25 10 35 5 
7.375 

-
17.3548 7.3746 

25 10 35 8 
6.146 

-
15.7711 6.1455 

25 10 35 9 
6.914 

-

16.7942 6.9137 

30 15 50 5 
6.062 

-

15.6522 6.0619 

30 15 50 8 
6.056 

-

15.6441 6.0563 

30 15 50 9 
6.062 

-

15.6522 6.0619 

100 20 100 5 
6.062 

-
15.6522 6.0619 

100 20 100 8 
7.375 

-
17.3548 7.3746 

100 20 100 9 
7.375 

-
17.3548 7.3746 

25 15 100 5 
6.291 

-

15.9745 6.2911 

25 15 100 8 
5.531 

-

14.8561 5.5311 
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25 15 100 9 
4.425 

-

12.9179 4.4248 

30 20 35 5 
7.375 

-

17.3548 7.3746 

30 20 35 8 
8.749 

-

18.8395 8.7493 

30 20 35 9 
7.375 

-

17.3548 7.3746 

100 10 50 5 
7.375 

-
17.3548 7.3746 

100 10 50 8 
7.375 

-
17.3548 7.3746 

100 10 50 9 
6.914 

-

16.7942 6.9137 

25 20 50 5 
6.062 

-

15.6522 6.0619 

25 20 50 8 
7.375 

-

17.3548 7.3746 

25 20 50 9 
6.146 

-

15.7711 6.1455 

30 10 100 5 
6.062 

-
15.6522 6.0619 

30 10 100 8 
7.375 

-
17.3548 7.3746 

30 10 100 9 
5.531 

-

14.8561 5.531 

100 15 35 5 
7.375 

-

17.3548 7.3746 

100 15 35 8 
7.375 

-

17.3548 7.3746 

100 15 35 9 
7.375 

-

17.3548 7.3746 

From the calculated result of Mean Change and S/N Ratio 

Mean effect factor are plotted and shown in figure 8 and figure 

9 respectively. 

 

Fig.8. Main effects plot for S/N ratio 

 

Fig.9. Main effects plot for MRR 

4.8. Analysis of Variance (ANNOVA) – 

To understand about the significant factor, ANOVA table 

has been developed. 

Table 8. ANOVA for Metal Removal Rate MRR 

Source DF Adj SS Adj MS F-Value P-Value 

Gap 

Voltage 
2 3.863 1.9316 5.25 0.016 

Discharge 

current 
2 3.046 1.5232 4.14 0.033 

Pulse on 

time 
2 5.783 2.8915 7.85 0.004 

Pulse off 

time 
2 1.562 0.7809 2.12 0.149 

From Table 8, checking the F-Value it can be verified that Pulse 

on time & Gap Voltage are significant parameters affecting 

MRR. 

Regression Equation for Metal Removal Rate (MRR) 

Regression equation (3) was developed using Minitab 17 

software which establishes relationship between MRR and 

other input parameters. Using this equation approximate MRR 

value can be predicted by entering the input values within the 

range of EDM.                               

MATERIAL REMOVAL RATE = 6.750 + 0.00973 V 

+ 0.0314 I - 0.01473 PO - 0.0127 PF    (3) 

 

4.  Conclusion - 

From this study, the parameters of EDM that optimized by the 

use of shape memory alloy. In these experiments nine sets 

conducted on shape memory alloy using copper electrode and 

L27 Taguchi orthogonal array. The process parameters taken 

such as current, Voltage, Pulse on-time (Ton) and Pulse off 

time. 

From the experiment and design of experiment, the following 

conclusions were made; 

i) The optimum parameter and level combination for best 

surface roughness from Taguchi is A2B1C1D2(voltage Gap 30 

V, Discharge current 10 A, Pulse on time 35 us, Pulse off time 

8 us) 

ii) From interaction plot it is seen that there is good 

interaction between all the factors taken as controllable 

variables in the experiments and they influence each other. 
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