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Introduction.

HCHCr stands for High Carbon High Chromium steel comes under one of the three series of cold work group, which has many applications in low temperature cutting and forming processes. Mainly used as punches, dies, rolling dies, finishing rolls for tyre mills etc., This material was chosen as area of interest because it has low machinability comparing to other steels [START_REF] Ugrasen | Optimization of Process Parameters in Wire EDM of HCHCr Material Using Taguchi's Technique[END_REF], [START_REF]Comparison of HCHCr Steel and Carbide Punch and Die Increase its Strength and Life by Tin & Ceramics coating[END_REF], [START_REF] Naik | Charactarization and Surface Roughness Study Of Hchcr Material To Prepare Precision Stamping Punch[END_REF], [START_REF] Verhoeven | Steel Metallurgy for the Non-Metallurgist[END_REF]. Wire-Electrical Discharge Machining (wEDM) is an extension of the die-sink EDM which has capability to cut complicated shapes on tough metals with excellent surface finish and low residual stresses [START_REF] Dongre | Multi-objective optimization for silicon wafer slicing using wire-EDM process[END_REF], [START_REF] Zakaria | Effect of Wire EDM Cutting Parameters for Evaluating of Additive Manufacturing Hybrid Metal Material[END_REF]. It advantages includes less processing time and less tool cost. A conductive material acts as a wire electrode and work piece gets eroded by series of discrete sparks between the work piece and wire electrode separated by a thin film of dielectric fluid. Dielectric fluid flashes away the eroded material and it also acts as a coolant. Because of its less cutting forces, its applications has been extended to machine metal foams used in heat exchangers and slicing silicon wafers used in solar cells and microelectronic components. An important aspect while machining using wire-EDM is the selection of electrode material. There are various conductive materials that can be used as electrodes but the more frequently used electrode material is copper. So copper was chosen as electrode in this study [START_REF] Rao | Effect of wire EDM conditions on generation of residual stresses in machining of aluminum 2014 T6 alloy[END_REF], [START_REF] Khajornrungruang | Analysis of Effects of Cutting Parameters of Wire Electrical Discharge Machining on Material Removal Rate and Surface Integrity[END_REF]. Taguchi method based on orthogonal array was used for designing experiments in MINITAB 17 Software [START_REF] Tilekar | Process Parameter Optimization of Wire EDM on Aluminum and Mild Steel by Using Taguchi Method[END_REF], [START_REF] Durairaj | Analysis of process parameters in wire EDM with stainless steel using single objective Taguchi method and multi objective grey relational grade[END_REF] and Grey Relational Analysis was conducted to find out the optimized input parameters for obtaining best output responses [START_REF] Durairaj | Optimization of Inconel 600 Alloy Micro Turning Process Using Grey Relational Analysis[END_REF], [START_REF] Xxx | Development of a Thermo-Physical Model for Multispark Wire EDM Process[END_REF].

Experimental method. The workpiece material, electrode wire and machine used to carry out the experiments are described below. Design factors and response variable as well as methodology implemented for the experimentation is also outlined.

Material and Equipment used

The wire EDM used to carry out the experiments was Wire EDM CNC Sprint Cut 734 (Electranica Sprint Cut 734) from Electrionica Ltd, Pune as shown in Fig 1 . Dielectric fluid used in this machine is de-ionised water and copper wire of diameter 0.25 mm is taken as electrode material. HCHCr steel substrates of dimension 100 x 50 x 10 mm were considered for machining. Vickers Hardness Tester with diamond indenter and Surface-SJ 301 surface roughness tester made by Mitutoyo Company were used.

Experimental Design

Taguchi method based on orthogonal array was used to design experiments in this study. The process parameters were selected depending upon machine, cutting tool and work piece capability. The input process parameters taken in this experiment are pulse-on time (Ton), pulse-off time (Ton), current (Ip) and servo voltage (SV) as shown in Table 1. 

Experimental Procedure

The number of experiments was limited to 9 according to L9 orthogonal array using Taguchi's statistical technique. The experiments were carried out by varying process parameters at three levels. After conducting experiments, the substrates were taken out, dried and measured for Material Removal Rate (mm 3 /min), Hardness (HV) and Surface Roughness (µm) were measured. Material Removal Rate (MRR) was calculated using the formula in equation [START_REF] Ugrasen | Optimization of Process Parameters in Wire EDM of HCHCr Material Using Taguchi's Technique[END_REF].

MRR = VR/TM (1)
where VRvolume of material removed after machining;

TMmachining time. The surface roughness tester is used to measure the roughness on the work piece after machining. This observation helped in finding how the experiment conditions are affecting the surface roughness. Then hardness of the surface was tested using micro hardness tester having Vickers diamond indenter and indenter is pressed into the materials surface with a penetrator and a weight of 1000 gms. The result of applying the load with a penetrator is an indent or permanent deformation of material surface caused by the shape of the indentor. The values obtained for MRR, Surface Roughness and Hardness are shown in Table 2.

Results and discussions:

Grey Relational Analysis was performed on the data obtained from experiments.

Grey Relational Analysis

In grey relational analysis first normalized data for the responses should be generated considering the lower the better and higher the better criterion this process is known as Grey relational generation.

There are four steps for performing grey relational analysis as shown in stepwise.

1) MRR and Hardness should follow the higher the better criterion, which can be expressed as

xi (k) = [yi (k) -min yi (k)] /[max yi (k) -min yi (k)] ( 2 
)
Surface Roughness follow the lower the better criterion, which can be expressed as

xi (k) = [max yi (k) -yi (k) ] / [max yi (k) -min yi (k)] (3) 
Normalized data of responses after step 1 is shown in table 3. 

Here x0 (k) = 1, let delta = difference of absolute value.

The values obtained after step 2 is deviation sequence is shown in table 4. 

3) The Grey Relational Coefficient ξi (k) can be calculated as

ξi (k) = [∆min + ψ ∆max] / [∆0i (k) + ψ ∆max] (5) 
. After averaging the grey relational coefficients, the grey relational grade γi can be computed as:

γi = 1/n ∑ n k=1 ξi (k)
Let Grey Relational Grade be represented as GRG. It is observed from the GRC and GRG table that rank 1 was obtained for experiment 1, which represents the parameters chosen for experiment 1 gives better results combining all three-output responses.

Summary. The number of experiments to be conducted was reduced following L9 orthogonal array of Taguchi Method which in turn reduced experimental cost and time. The best combination of obtaining optimized output was found using Grey Relational Analysis. It was found as TON = 100, TOFF = 55, IP = 10 and SV = 10, which are the parameters used for conducting experiment 1.

Table 1 .

 1 Input process parameters of Wired EDM.

	S.NO.	Process Parameters	Level 1 Level 2 Level 3
	1	Pulse-on Time (Ton)	100	105	110
	2	Pulse-off Time (Toff)	55	59	63
	3	Peak Current (Ip)	10	11	12
	4	Servo Voltage (Sv)	10	55	90

Table 2 .

 2 Experimental readings.

			Actual values	MRR	Hardness	Surface Roughness
	Exp No	Ton	Toff Ip SV (mm 3 /min) HV	µm
	1	100 55	10 10 0.0658	33	2.695
	2	100 59	11 55 0.1976	34	3.497
	3	100 63	12 90 0.2045	32	3.855
	4	105 55	11 90 0.2272	34	3.8
	5	105 59	12 10 0.0946	33	2.8
	6	105 63	10 55 0.3073	34	3.32
	7	110 55	12 55 0.3246	34	3.45
	8	110 59	10 90 0.3719	34	3.82
	9	110 63	11 10 0.1515	29	3.82

Table 3 .

 3 Normalized data of responses.

	S.NO	MRR (x1),	Surface Roughness (x2),	Hardness (x3), (HRC)
		(mm 3 /min)	(Ra)	
	1	0	1	0.8
	2	0.4305	0.3086	1
	3	0.4531	0	0.6
	4	0.5272	0.0474	1
	5	0.0940	0.9094	0.8
	6	0.7889	0.4612	1
	7	0.8454	0.3491	1
	8	1	0.0301	1
	9	0.2799	0.0301	0
	2) Let the normalized data of MRR may be represented with k=1, that of surface roughness with k=2
	and that of hardness with k=3		

Table 4 .

 4 Deviation sequence.

	S.NO MRR (x1), (mm 3 /min) Surface Roughness (x2), (Ra) Hardness (x3), (HRC)
	1	1	0	0.2
	2	0.5695	0.6914	0
	3	0.5469	1	0.4
	4	0.4728	0.9526	0
	5	0.906	0.0906	0.2
	6	0.2111	0.5388	0
	7	0.1546	0.6509	0
	8	0	0.9699	0
	9	0.7201	0.9699	

Table 5 .

 5 Grey Relational Coefficient.

	S.NO	MRR (mm 3 /min)	SR (Ra)	Hardness (HRC)
	1	0.3333	1	0.7142
	2	0.4675	0.4196	1
	3	0.4776	0.3333	0.555
	4	0.5139	0.3442	1
	5	0.3556	0.8471	0.7142
	6	0.7031	0.4813	1
	7	0.7638	0.4344	1
	8	1	0.3401	1
	9	0.4098	0.3401	0.333
	Let GRC = Grey Relational Coefficient		

Table 6 .

 6 GRC and GRG table. 

	S.NO	MRR (mm 3 /min)	SR (Ra)	Hardness	GRG Rank
		GRC1	GRC2	(HRC) GRC3	
	1	0.3333	1	0.7142	0.6825 1
	2	0.4004	0.7098	0.8571	0.6577 3
	3	0.4261	0.5843	0.7564	0.5889 9
	4	0.4480	0.5242	0.8173	0.5965 8
	5	0.4295	0.5888	0.79668	0.6049 7
	6	0.4751	0.5709	0.8305	0.6255 5
	7	0.5164	0.5514	0.8547	0.6408 4
	8	0.5768	0.525	0.8729	0.6582 2
	9	0.5582	0.5044	0.8129	0.6251 6

© 2017 The Authors. Published by Magnolithe GmbH. This is an open access article under the CC BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/

Acknowledgement:

I would like to specially thank Prof. G. Narendar, Osmania University, Hyderabad and Prof. V. Durga Prasad, SRKR Engineering College, Andhra Pradesh for spending your valuable time to guide me during my project.