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Optimization of EDM Process Parameters for Inconel-713
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Abstract— This experiment aims at achieving the integrated
approach to solve the optimization problem of EDM
process. At any stage the dominance factor of the input
variables and output variables contained in the constraints
and objective functions can be computed. The main
objective of work is aimed at characterizing the electric
discharge machining of INCONEL 713 steels on EDM.
Since an electrode with micro features is employed to cut its
mirror image in the work piece, it is necessary to investigate
the machining efficiency of the electrodes used.
Furthermore, to improve the machining efficiency, it is
momentous to consider the effect of various influencing
input and output parameters. In this project, a series of
experiments has to be conducted with graphite electrode as a
tool and INCONEL 713 steel as work piece to machine
small depth on the work piece. The combination of gap
voltage, Ampere setting is to be new line considered for
maximum Material Removal Rate (MRR), Surface
Roughness (SR), constrained circularity error and overcut.
The main aim has to be identifying the electrode which
could enhance the production of quality of impression and to
have a significant contribution for modern industrial
requirements. . The experiments has to be carried out as per
L9 orthogonal array with each experiment performed under
different conditions of such as Discharge current, Pulse on
time and Pulse off time while machining.
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|. ELECTRICAL DISCHARGE MACHINING

The schematic of an EDM machine tool is shown in Figure
1.1. The tool and the work piece form the two conductive
electrodes in the electric circuit. Pulsed power is supplied to
the electrodes from a separate power supply unit. The
appropriate feed motion of the tool towards the work piece
is generally provided for maintaining a constant gap
distance between the tool and the work piece during
machining. This is performed by either a servo motor
control or stepper motor control of the tool holder. As
material gets removed from the work piece, the tool is
moved downward towards the work piece to maintain a
constant inter-electrode gap.

The tool and the work piece are plunged in a

dielectric tank and flushing arrangements are made for the
proper flow of dielectric in the inter-electrode gap. Typically
in oil die-sinking EDM, pulsed DC power supply is used
where the tool is connected to the negative terminal and the
work piece is connected to the positive terminal.
The pulse frequency may vary from a few kHz to several
MHz. The inter electrode gap is in the range of a few tens of
micro meter to a few hundred micro meter. Material
removal rates of up to 300 mm®3/min can be achieved during
EDM. The surface finish (Ra value) can be as high as 50 pm
during rough machining and even less than 1 pm during
finish machining.
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Fig. 1.1: Schematic of Electric Discharge Machining (EDM)
machine tool

Il. MATERIALS USED

A. Inconel-713

Inconel alloys are oxidation-corrosion-resistant materials
well suited for service in extreme environments subjected to
pressure and heat. When heated, Inconel forms a thick,
stable, passivating oxide layer protecting the surface from
further attack. Inconel retains strength over a wide
temperature range, attractive for high temperature
applications where aluminum and steel would succumb
to creep as a result of thermally induced crystal vacancies.
Inconel’s high temperature strength is developed by solid
solution strengthening or precipitation hardening, depending
on the alloy.

B. Chemical Properties

Fe | Cr| Ni | Mo | Nb | Co C Mn B Zr Si S P Al | Ti
MIN 12 rest 3.8 |18 0.08 0.005 | 0.05 55|05
MAX | 25 | 14 52 (28 |10| 0.2 |0.25]|0.015|0.15|05|0.015|0.015 65|10

C. Applications

Inconel alloys are typically used in high temperature
applications. Air craft engine, Marine chemical parts, Heat
exchangers, Condensors and Evaportater tubing are
generally made of inconel 713.

I1l. OPTIMIZATION

A. Process Parameters and Their Levels

S.No Pulse on time(T) | Pulse gff Time(T) | Gap Currentin
in s in s amps
1 5 7 12
2 6 8 14
3 7 9 16
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B. Design of Orthogonal Array 2 Al1B2C2 5 8 14
Orthogonal array is designed using minitab-17 software to i ﬁégigg 2 ? ii
calculate S/N ratio and means. 5 AIB2C3 5 3 1
C. Orthogonal Array Ly Formation 6 A2B3C1 6 9 12
Trial Pl_JIse on Pu]se qff Gap ' ; ﬁggégi ; ; 12
No. DESIGNATION time in Time in Current in 5 A3BICo 7 S 11
Hs ps amps
1 A1BIC1 > 7 12 D. Experimental Data
Trial No. | DESIGNATION | Pulse on time in ps | Pulse off Time in us | Gap Current in amps RA M.T MRR
Micron | Min | m/min
1 AlB1C1 5 7 12 2.491 28 | 0.006
2 AlB2C2 5 8 14 3.361 23 | 0.017
3 Al1B3C3 5 9 16 4,486 18 | 0.022
4 A2B1C2 6 7 14 4,849 19 | 0.020
5 A2B2C3 6 8 16 4,562 15 | 0.028
6 A2B3C1 6 9 12 3.604 20 | 0.021
7 A3B1C3 7 7 16 4,250 13 | 0.315
8 A3B2C1 7 8 12 3.298 16 | 0.022
9 A3B3C2 7 9 14 4,733 18 | 0.028
E. Surface Roughness (Analysis of Result)
1) Surface Roughness and S/N Ratios Values for the
Experiments:
Trial DESIGNATION Pulse-on time in Pulse off Time in Gap Current in RA S/\N/;uaglo
No. s s amps Micron db
1 Al1B1C1 3 7 12 2.491 -7.9275
2 Al1B2C2 5 8 14 3.361 -10.5294
3 A1B3C3 5 9 16 4.486 -13.0372
4 A2B1C2 6 7 14 4.849 -13.7130
5 A2B2C3 6 8 16 4,562 -13.1831
6 A2B3Cl1 6 9 12 3.604 -11.1357
7 A3B1C3 I 7 16 4.250 -12.5678
8 A3B2C1 7 8 12 3.298 -10.3650
9 A3B3C2 7 9 14 4.733 -13.5027
2) Taguchi Analysis: Ra versus TON, TOFF, AMPS: 4) General Linear Model: Ra versus TON, TOFF, AMPS:
Response Table for Signal to Noise Ratios Method
Smaller is better Factor coding (-1, 0, +1)
Level | TON TOFF AMPS Method
1 -10.498 | -11.403 | -9.809 Factor coding (-1. 0.+1)
2 -12.677 | -11.359 | -12.582
3 -12.145 | -12.559 | -12.929 Factor Information
Delta | 2.179 1.199 3.120 Factor Type  Levels Values
Rank 2 3 1 TON Fixed 3 5.6.7
3) Main Effects Plots for SN Ratios: TOFF  Fixed 3 7.8.9
AMPS Fixed 3 12,14, 16
Main Effects Plot for SN ratios
Data Means
ToH TOFF ANPS Analysis of Variance
g ' Source DF AdjSS AdjMS F-Value P-Value
| TON 2 127356 06378 376 0210
E - ."-_ | TOFF 2 04692 02346 138 0.420
= AMPS 2 31086 15543 9.16 0.098
T s . "~.,\ Error 2 03394 01697
$ . Total & 51928
=5 / " l'k.__x Model Summary
EL - s R-sq R-sq(adj) R-sq(pred)
— m__:m.m;\.,, ' ? ' ’ o 0411918 93.46% 73.86% 0.00%
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Coefficients
Term Coef SECoef T-Value P-Value VIF
Constant 3.959 0.137 28.84 0.001
TON
5 -0.513 0.194 -2.64 0.118 1.33
6 0.379 0.194 1.95 0.190 1.33
TOFF
7 -0.096 0.194 -0.49 0.670 1.33
8 -0.219 0.194 -1.13 0.377 1.33
AMPS
12 -0.828 0.194 -4.27 0.051 1.33
14 0.355 0.194 1.83 0.209 1.33

Regression Equation

3) Main Effects Plot for SN ratios

Main Effects Plot for SN ratios

Data Means
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Signot-to-noise: Smoller is better

4) General Linear Model: MT versus TON, TOFF, AMPS:
Method
Factor coding | (-1, 0, +1)

Ra =3.959 - 0.513 TON_5 + 0.379 TON_6 +0.134TON_7 - Factor Information
0.096 TOFF_7 -.2190FF_8+.315 TOFF_9 - 0.828 Factor | Type | Levels Vvalues
AMPS_12 + 0.355AMPS_14 + 0.473 AMPS_16 TON | Fixed 3 56 7
F. Machining Time (Analysis of Result) TOFF | Fixed 3 7,89
1) Machining Time and S/N Ratios Values for the | AMPS | Fixed S 12,1416
Experiments: Analysis of Variance
S/IN Source | DF | AdjSS | Adj MS | F-Value | P-Value
Trial o I T | cument | mT | Response TON 2 84.222 | 42.111 7.73 0.114
No. | Designation | ON | OFF | "\ /50" | oo | valve (db) TOFF 2 6.222 3.111 0.57 0.636
ps Ms for AMPS 2 59.556 | 29.778 5.47 0.155
1 Ai1B:Cy 5 7 12 28 -28%232 Errop 2 10.889 g
2 | AB2C2 | 5 | 8 14 | 23 | -27.2346 Total ™" CTAgR1 60.999
3 A1B3Cs 5 9 16 18 -25.1055 Model Summary
4 A2B1Cy 6 7 14 19 -25.5751 S R-sq | R-sq(adj) | R-sq(pred)
5 AzBaCs 6 | 8 160 IS | §23.5218 2.33333 [ 93.23% | 72.93% | 0.00%
S AA:;BBj.(C::l3 3 3 ié ig :gggigg Term Coef SE Coef T-Value P-Value VIF
8 AsBCy 7 8 12 16 | -24.0824 Constant 18889 0778 2429  0.002
9 A3B3C2 7 9 14 18 -25.1055 TON
2) Taguchi Analysis: MT versus TON, TOFF, AMPS: 5 411 1.10 374 0.065 1.33
Response Table for Signal to Noise Ratios 6 0.89 110 -081 0504 133
Smaller is better TOFF
Level | TON | TOFF | AMPS
1 709 | 2560 | -26.35 7 111 1.10 101 0419 133
2 2504 | -24.95 | -25.97 8 -0.89 1.10 081 0504 133
3 -23.82 | -25.41 | -23.64 AMPS
Delta | 3.27 | 0.65 | 271 12 244 110 222 0156 133
Rank | 1 3 2 14 111 1.10 101 0419 133
Regression Equation
MT =18.889 + 4.11 TON_5-0.89 TON_6 - 3.22 TON_7 +
1.11 TOFF_7 - 0.89 TOFF_8 - 0.22 TOFF_9 + 2.44
AMPS_12 +1.11 AMPS_14 - 3.56 AMPS_16
G. MRR (ANALYSIS OF RESULT)
1) MRR and S/N Ratios Values for the Experiments:
Trial No. | Designation | TON pus | T OFF ps | Current Amps | MRR m/min | S/N Response valve (db) for mc
1 A1B1Cy 5 7 12 0.006 -44.4370
2 A1B2Cy 5 8 14 0.017 -35.3910
3 A1B3Cs 5 9 16 0.022 -33.1515
4 AzB:C 6 7 14 0.020 -33.9794
5 A2B2Cs 6 8 16 0.028 -31.0568
6 A2B3Cy 6 9 12 0.021 -33.5556
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7 A3B1Cs 7 7 16 0.315 -10.0338
8 A3B.Cy 7 8 12 0.022 -33.1515
9 AsBsCs 7 9 14 0.028 -31.0568

2) Taguchi Analysis: MRR versus TON, TOFF, AMPS:

Response Table for Signal to Noise Ratios
Larger is better

Level | TON | TOFF | AMPS
1 -37.66 | -29.48 | -37.05
2 -32.86 | -33.20 | -33.48
3 -24.75 | -32.59 | -24.75

Delta | 129 | 13.72 | 12.30

Rank 1 3 2

3) Main Effects Plot for SN ratios:

Main Effects Plot for Means
Data Means
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H. General Linear Model: MRR versus TON, TOFF,
AMPS
Method
Factor coding (-1,0, +1)
Factor Information

Factor Tvpe

Levels Values

TON Fixed 3 5,6.7
TOFF Fixed 3 7.8.9
AMPS Fixed 312,14, 16
Analysis of Variance
Source DF AdjSs AdiMS F-Value P-Value
TON 2 002118 0.010588 1.13 0.469
TOF 2 001644 0.008222 0.88 0.532
AMPS 2 002112 0.010562 1.13 0.469
Error 2 0.0186% 0.009345
Total 8  0.07743
Model Summary
s R-sq R-sq(adj) R-sq(pred)
0.0966684 75 86% 3. 46% 0.00%
Coefficients
Term Coef SECoef T-Value P-Value
Constant 0.0532 0.0322 1.65 0.240
TON
5 -0.0382 0.0456 -0.84 0.4%0
1 -0.0302 0.0456 -0.66 0.575
TOFF
7 0.0604 0.0456 1.33 0.316
8 -0.0309 0.0456 -0.68 0.568
AMPS
12 -0.036%9 0.0456 -0.81 0.503
14 -0.0316 0.0456 -0.6%9 0.560

Regression Equation
MRR = 0.0532 - 0.0382 TON_5 - 0.0302 TON_6 + 0.0684
TON_7 + 0.0604 TOFF_7 - 0.0309 TOFF_8 - 0.0296

TOFF 9 - 0.0369 AMPS_12 - 0.0316 AMPS_14 + 0.0684
AMPS_16

IVV. CONCLUSION

In this study, the Taugchi technique and ANOVA were used
to obtain optimal machining parameters in the electrical
discharge machining conditions. The experimental results
were evaluated using Taguchi technique. The following
conclusion can be drawn.

A. Optimal Control Factor

1) Surface Roughness-Al(Pulse on time -2us) B3(Pulse on
time -6 ps) C2(Amps-8)

2) Machining Timing-Al(Pulse on time -2us) B3(Pulse on
time -6 us) C2(Amps-8)

3) Material Removal Rate- Al(Pulse on time -2us)
B3(Pulse on time -6 us) C2(Amps-8)

Percentage Contribution of Process Parameter

1) Surface Roughness- Pulse on time 38%
2) Machining Timing -Pulse on time 52%
3) Material Removal — Pulse on time 84%
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