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Abstract - Wire cut Electrical-Dischatge Machining (WEDM) is a machining process which utilizes a thin wire (around 0.18mm) for material
removal. In modern machining of complex object, it plays an important role. Process parameters have great in-fluence on WEDM. MRR, SR
and WT are varying process parameters. In this article surface roughness (SR) in WEDM process was analysed using Taguchi method. To val-
idate the results analytical and experimental results were investigated. In experiments it was observed, when peak current value was increased,
SR value also increases and in resultant a rough surface was produced. Peak current was observed as most influential parameter with contribu-
tion of 82.12%.
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INTRODUCTION

Wire-EDM is a broadly acknowledged as a non-contact and non-traditional machining process utilized for formation of seg-
ments having unpredictable profiles. This process has large application in aviation sector while machining small scale gas tur-
bine sharp edges and other electronic products. Various researchers have performed incremental research in this field. Pra-
japati et al. [1] have used WEDM for processing the AISI A2 Tool steel, in continuation this method has been automated us-
ing CNC wire EDM [2]. Ojha et al. [3] have performed the review study of WEDM process and inventory various research
work in this field. They have conducted study for material removal rate (MRR) improvement in WEDM process. Apart from
MRR study researcher have studied the lingering pressure caused by the WEDM in processing of hardware steel [4-9]. N. To-
sun et al. [10] through their examination studied variety of workpiece surface roughness with different machining parameters.
Ravindranadh Bobbili et al. [11] found that current, voltage and wire tension (WT) are critical factors to MRR and SR.

Malik et al. [12] have investigated the peak current significance in WEDM. They have concluded that pulse on time has signif-
icant impact on SR of the material. Kumar et al. [13] from their exploratory examination decide the ideal variable for SR in
WEDM. The parameters chosen by them were speed and feed and they were found to assume a fundamental part to influence
the MRR and SR. Singh et al. [14] have demonstrated in his study that wire feed and wire strain has no impact on the MRR,
although pulse on time straightforwardly have positive impact on the MRR. Liao et al. [15] have conducted a test to study
SKD11 compound steel to build scientific models relating the machine execution with different machining parameters and
after that have decided the ideal parametric settings for WEDM process for utilization of practical bearing technique for non-
straight programming. Spedding and Wang [16] have studied the surface structure of materials processed by WEDM.

Scott et al. [17] in their examination created scientific models for anticipating material removal rate and surface roughness
amid machining D-2 instrument steel for various machining conditions. Lin et al. [18] gave another approach of streamlining
for WEDM process having numerous removal attributes relying upon the symmetrical cluster. Researchers [19-20] have de-
picted the multi target advancement in their examination for WEDM process utilizing parametric plan of Taguchi approach.
They examined the impact of different machining parameters like heartbeat on alternate parameters. Anoop et al. [21] have
studied the wire speed in WEDM. They found that the effectiveness of pulse on time term, release current and wire speed
were roughly 64.92 %, 18.83 % and 0.36 %, which shows wire speed has least impact. Baljit Singh et al. [22] have studied
WEDM process. They have used molybdenum composite wire in his research. Various researchers have used advance meth-
ods with experimental setup for evaluating process parameters of WEDM [23-29]. In last one-decade, researchers have used
various advanced tool like FEA, RSM, ANN, and Fuzzy Logic in mechanical engineering for different problem and parameter
analysis. Kumar et. al. [30-33] have per-formed the parametric vatiation using RSM for heavy vehicle gearbox. They have
used FEA for simulating the boundary conditions and for optimisation of process parameters RSM was used. Based upon
same study the present research work design of experiments and ANNOVA hasve been used. In continuation, they have stud-
ied the thermal contact condition, loose transmission gearbox bolt condtion and
calcu-lated natural frequency using FEA [34-39]. ANN tool was also used for mass
*Corresponding Author: flow sensor analysis. In this research article, surface roughness was analyzed using
E-mail: drashwanikumardte@gmail.com Taguchi design approach.
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SURFACE ROUGHNESS (SR)

Surface roughness portrays the quality surface of the machined work. It is attractive to lessen the surface roughness of the
work surface. The more we bring down the surface roughness the surface smoothness of the work piece will get upgraded and
accordingly the nature of the machining will get different parameters. In present experimental work Surface roughness estima-
tion was done using Mitutoyo 178-602 surface roughness analyzer.

EXPERIMENTAL SETUP AND MATERIAL PROPERTIES

Figure 1-3 shows the details of machine used for experimental work. Tablel shows specification of WEDM machine. The
machine for tests was accessible at Dilawar Engineering Works Lalbagh, Lucknow.

Table 1. Specifications of Electronica Wire-EDM Machine.

S.N. Specification Dimension
1. Length Table 250 x 320
2. Workpiece Size Lx W (mm) 380 x 525
3. Maximum Workpiece Thickness (mm) 300
4. Maximum Workpiece Weight (gm) 300
5. Machine Weight (Kg) 1600
6. Display LCD Display
7. Control System CNC
8. Axis Control A Axis (X, Y, Uand V)
9. Guide Ways Linear Motion
10. Resolution 0.001 mm
11. Wire Diameter 0.18mm (standard), 0.15mm and 0.12 mm (optional)
12. Interpolation Linear and Citcular
13. Programming Incremental
14. Power Input 3 Phase, 415 Volts
15. Total MAchione Load 1.5 KVA
16. Processing and Data Entry Dual Screen
17. Dielectric Fluid Soft Water
18. Dielecttic Tank Capacity 55 Litre
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Fig. 1. Electronica Wire-EDM Computer panel. Fig. 2. Machining on Electronica Wire-EDM.

Dielectric liquids assume an essential part in EDM procedure. The dielectric medium additionally cools the machining zone
via diverting overabundance warm slopes from the instrument terminal and the work piece. In experimental work the material
used for study is Die steel D-3 (Table 2-3) which has following properties and the wire utilized for this work is Brass wire of

width 0.18mm.
Table 2. Mechanical Properties of Die Steel D-3.

Density Melting point Yield strength | Elastic modulus | Poisson’s Hardness
(g/cm®) C) (MPa) (GPa) Ratio

.87 1421 470 190 0.28 358-64
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Fig. 3. Parts of Electronica Wire-EDM.
Table 3. Chemical composition of the work piece material (DIE STEEL D-3) by weight.

M aterial C Mn Si Cr Ni w v P ] Cu
% Composition | 2.00-2.35 | 0.60 | 080 |[11.00-1330 | 030 1.00 1.00 0.03 0.03 | 025

3 -3
. 1 2 7 4 =2
a % 8 0 8
7 = 8 a
2 8 0 B
Fig. 4. Die-Steel D3 pieces cut by Wire-EDM. Fig. 5. Die-Steel D3 bar and the cut pieces by WEDM

Fig. 4 and 5 shows the different sample (1-9) processed by the WEDM in lab. For processing these samples input parameters
are listed in table 4.

Table 4. Input Parameter Variations for cutting samples using WEDM in lab.

S.No Current Pulse on Time Wire Tension Weight loss Machining Time
(amp) ™) (gm) (minutes)

1 2 3 400 0.8 33.2

2 2 6 700 0.8 21.52
3 2 9 1000 0.8 17.25
4 4 3 700 0.8 10.43
5 4 6 1000 0.8 9.54

6 4 9 400 0.8 9.39

7 6 3 1000 0.8 15.26
8 6 6 400 0.8 12.72
9 6 9 700 0.8 10.83

RESULTS & DISCUSSION

Evaluation of Surface Roughness (SR)
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Material removal rate can be calculated by dividing the work piece weight loss (in grams) to the product of density of the work

piece (gm/cc) and the machining time. The calculated values of SR are shown in table 5.

Table 5. Calculation of Surface Roughness (SR).

Exp. No Current | Pulse on Time | Wire Tension Surface Roughness Ra

(amp) ™) (wm)
1 2 3 400 6.69
2 2 6 700 6.94
3 2 9 1000 7.18
4 4 3 700 7.28
5 4 6 1000 7.72
6 4 9 400 7.37
7 6 3 1000 7.83
8 6 6 400 7.76
9 6 9 700 8.14

Calculations of S/N ratio for Surface Roughness
S/N ratio for SR smaller is better, is shown in table 6. The calculation was performed using following equation:
S/NSB =-10 log (1/n) Zyi?)  ....(1)
Table 6. Calculation of S/N ratio for Surface Roughness.

S.No Surface Roughness Ra(pm) Signal to noise ratio (db)
1 6.69 -16.5085
2 6.94 -16.8272
3 7.18 -17.1225
4 7.28 -17.2426
5 7.72 -17.7523
6 7.37 -17.3493
7 7.83 -17.8752
8 7.76 -17.7972
9 8.14 -18.2125
Table 7. Calculation of mean S/N ratio for SR.
Level | Current | Pulse on Time | Wire Tension
1 -16.82 -17.21 -17.22
2 -17.45 -17.46 -17.43
3 -17.96 -17.56 -17.58
Delta 1.14 0.35 0.36
Rank 1 3 2
Table 8. ANOVA of Surface Roughness.
Source DOF S.S. Adj.MS F.Value P.Value Contribution
Current 2 1.42329 0.71164 45.20 0.022 82.12
Pulse on 2 0.13882 0.06941 4.41 0.185 8.01
Time
Wire Tension 2 0.13962 0.06981 443 0.184 8.05
Error 2 0.03149 0.01574 - - 1.82
Total 8 1.73322 - - - 100%
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Table 7-8 and fig. 6 show the impact of input parameters. All the three parameters demonstrate an expanding pattern with
surface roughness i.e. with increment in the levels of WEDM parameter, the surface roughness of the machined surface in-
creases. By expanding the current the surface roughness increments and rough surface is produced. Peak current (Ip) is the
most important factor having a contribution of 82.12%. The base surface harshness was seen at 2A. With increment in Pulse
on time and wire tension the surface roughness increases. The base surface roughness was seen at 3 p sec pulse on time and
400 N wire pressures. The contributions of pulse on time and wire pressure are 8.01% and 8.05%, individually. The current
having p value is 0.022 is most prominent parameter for surface roughness and pulse on time with p value is 0.185 and wire
tension with p-value is 0.184. Optimum level of three parameters is shown in table 9.

At least 95% confidence:

Main Effects Plot (data means) for Means
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Fig. 6. Mean Effect Plot for Surface Roughness.

Table 9. Optimal level of parameter for Surface Roughness.

Process variables of factors Optimum level
Peak Current Ip (A) 2
Pulse on Time Ton (psec) 3
Wire Tension wWT 400
Interaction Plot (data means) for SR
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Fig. 7. Interaction plot between Surface Roughness and WEDM parameters.

The above plot in fig. 7 shows the interaction plot between surface roughness and wire tension at various levels of peak cur-
rent. The graph elucidates that at lowest level of peak current, the material removal rate of the workpiece follows an increasing
trend with wire tension. Moreover, when the value of peak current is increased i.e. at 4A, surface roughness first decreases and
then tends to increase with wire tension. At 6A peak current, the surface roughness first increases and then decreases with
wire tension.
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Confirmation tests have been performed for Surface Roughness with their optimum levels of process variables and only
2.09% deviation was observed (table 10).

Table 10. Confirmation of expected and actual values of Surface Roughness.

Experiment Optimum Machining Parameters Surface Roughness
No.
° Current (A) Pulse on Time (psec) Wire Tension Actual Expected
1 2 3 400 6.69 6.83
Error (%) 2.09%
CONCLUSION

From the above analysis following conclusions were drawn: The experiment depicts the advancement of machining parame-
ters in Wire- Electrical Discharge Machining of Die Steel D-3 with metal wire as terminal utilizing L9 symmetrical cluster of
Taguchi technique. Components like Current, Pulse on time (Ton) and Wire Tension and their collaborations have been
found to impact MRR. All the three parameters demonstrate an expanding pattern with surface roughness i.e. with increment
in the levels of WEDM parameter, the surface roughness of the machined surface increases.

By expanding the current the surface roughness increases and rough surface is produced as we increment the current. Peak
current is the most critical factor having a contribution of 82.12%. The base surface harshness was seen at 2A. With increment
in pulse on time and wire pressure the surface roughness increase. The base surface roughness was seen at 3 psec pulse on
time and 400 N wire Tension. The contributionS of pulse on time and wire tension are 8.01% and 8.05%separately.
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