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Abstract— In this paper investigates the effects of the micro-
EDM process parameters on response variables, to determine
their optimal values in order to understand the behavior of
each parameter. While, there are a substantial amount of
journalism studying different aspect of micro-EDM, most of
them are designed based on the one-factor-at-a-time(OFT)
experiments as an alternative of studying all factors,
simultaneously. This paper is conducted through a series of
experiments using a full factorial design. An analysis of
variance was engaged to analyze the findings and to
determine effect and the significance of each process
parameters on the response variables. The process parameters
included such as voltage, electrode rotational speed,
capacitance, and electrode coating. Voltage and capacitance
are studied separately as well as in combination in terms of
the discharge energy. Response variables are consisted of
machining time, tool wear, crater size, micro hardness, and
element categorization. The surface morphology and element
characterization are studied through the application of the
SEM.
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I. INTRODUCTION

In this paper, the RC-type micro-EDM machine was utilized
to conduct an experimental study to find out models,
equations, or techniques to describe the relationship between
the  micro-EDM process parameters and the response
variables in micro-EDM of Ti-6AL-4V alloy based on a full
factorial design. An analysis of variance (ANOVA) and a
multivariate analysis of variance (MANOVA) were used to
determine the significance of the effects of the micro-EDM
process parameters on the response variables. The regression
analyses were conducted to find out the models and equations
showing the relationship between the process parameters and
the response variables. The optimal process parameters for
two sets of response variables were determined using Minitab
17

Il. PROBLEM STATEMENT

The problem raised in this paper, based on the literature
review, was defining models, equations, or techniques to
describe the relationship between the micro-EDM process
parameters and the response variables. The process
parameters included voltage, capacitance, discharge energy
(the combination of voltage and capacitance), electrode
rotational speed, and titanium nitride (TN) coating. The
response variables consisted of machining time, tool wear,
microhardness, crater size, and element characterization. The
research problem was limited to the use of the RC-type
micro-EDM for generating micro- features, i.e. blind holes
and slots, on Ti-6Al-4V alloy.

I11. PURPOSE OF THIS PAPER

Three objectives are defined in this research. The first
objective is to identify the level of importance and effects of
the micro-EDM process parameters on the response
variables, including their main effects and interaction effects.
The second objective was to determine the optimal values of
the micro-EDM process parameters, providing that all
response variables have an identical weight and importance.
The third objective was demonstrating the role and the
importance of the application of a full factorial design as well
as an analysis of variance (ANOVA) and a multivariate
analysis of variance (MANOVA) in the micro-EDM process
improvement in the context of research centers and R&D
departments.

IV. METHODOLOGY

A. The micro-EDM set-up

A die-sinking micro-EDM machine using RC-type pulse
supply is utilized in this study. The machine is ED0O09 model
by Small Tech. The CCD camera and microscope are used for
better monitoring of the micro- electrodischarge machining.
The dielectric is the EDM oil. Figure 3 shows the micro-
EDM set-up.

7 Rotational

V. MATERIAL

All trials were conducted on Ti-6Al-4V alloy (grade 5). The
characteristics of Ti- 6Al-4V alloy used in this experiment are
shown in Table 2. Three plates of Ti-6Al-4V alloy were used
in this study. All plates were part of a bigger plate and they
were isotropic.
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The chemical composition and mechanical properties of Ti-6Al-4V.

Chemical composition

Ti Balance
Al 5.5-6.67%
\Y 3.5-4.5%
0 0.2%

C 0.08%

N 0.05%

Mechanical properties

Density (Kg/m®) 4430
Melting point (°C) 1650
Electrical resistivity (fi-cm) 0.000178
Thermal conductivity (W/m-K) 6.7

VI. PROCEDURES

This experimental paper included three sets of trials. The first
set of trials was for measuring machining time and tool wear.
This set consisted of 54 trials with three replications, viz., 162
blind holes. The depth of these holes is 20um. In preliminary
experiments, it was revealed that increasing the depth of the
blind holes would result in a higher number of DC arcs or
abnormal discharges. Increasing the frequency of the DC arcs
was done mainly because of the lack of a servo control system
in the micro-EDM machine.

VII. RESPONSE VARIABLES

Response variables included machining time, tool wear (Al),
surface microhardness (VH), crater size, and element
characterization.

VIIIl. RESULTS AND ANALYSIS

1) Machining Time

Results

Machining times for blind holes with 20-um depth are
measured for different EDM parameter settings. Increase the
accuracy of the measurements, each trial is repeated three
times. Tables show that the resulting data for producing the
blind holes using WC tools as well as TN-WC tools,
respectively.

. WC Electrode TN-WC Electrode
Discharge . -~ Average
Energy Ma.clhlmng L Machining Machining Time
faTh Trial # Time Trial #
(sec) (sec) (ssc-)
0.05 1.2,3 683 28.29,30 713 699
0.12 10,11, 12 363 37.38,39 340 350
0.19 19,20,21 363 46, 47. 48 238 300
18 4.5.6 306 31,32,33 142 224
4.05 13,14, 15 117 40,41, 42 43 80
6.27 22,2324 80 49,50, 51 35 57
8.46 7.8.9 52 34,35,36 84 67
19.04 16,17, 18 101 43.44. 45 41 73
29.48 15,26, 27 35 52, 22 28

Levels of the discharge energy and machining time.

y=169 90x-043

Regression Analysis Rz=( 0184

Eisc.h-.argeEner;;\pJ: y
The scatter plot - the discharge energy and machining time.
2) The TN-coating and ANOVA.
The effects of TN coating on machining time for each level
of discharge energy were calculated and the results are shown
in Figure

Machining Time (uncoated vs. coated)

0.05 0.1z 0.19 1.8 4.05 627 846
Discharge Energy (p.J)

19.04 2948

| =—r—Uncoated —m—Coated
3) Tool Wear (41)

Results. Tool wear was calculated by measuring the
difference in lengths of the electrode before and after

machining (Al)
. WC Electrode TN-WC Electrode
Discharge
Energy Tool Tool Average Tool
P Trial # Wear Trial # Wear Wear (um)
(um) (um)
0.03 1.2,3 5.56 28,29, 30 6.14 5.85
012 10; 11,12 577 37 38 39 578 577
0.19 19, 20,21 5.56 46,47, 48 6.07 5.81
18 456 378 31,3233 304 341
4.05 13,14, 15 378 40,41, 42 382 3.80
6.27 22,2324 3.96 49,50, 51 378 387
£.46 7.8.9 352 34,3536 287 319
19.04 16,17, 18 328 43,44, 45 3.08 318
2948 15,26,27 298 46,4852, 2.88 293

Levels of the discharge energy and tool wear.

. . y=43487x 0117
Regression Analysis R2=0 91
A .. .
3 L] [T T S
2, @, L RO -

20 25

Discharge Energy (pJ)

The scatter plot - the discharge energy and tool wear
4) The TN-coating and ANOVA.
The effects of TN coating on tool wear for each level of the
discharge energy are calculated and the results are shown in
the Figure
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ToolWear (uncoated vs. coated)

Tool Wear (uJ)

0.05 012 o019 18 405 627 8.46 19.04 2948
Discharge Energy (ud)

—=—Uncozted —e—Coated

The effect of TN-coating on the tool
5) Electrode rotational speed and ANOVA.
The effects of electrode rotational speed on tool wear for each
level of the discharge energy are calculated and the results are
shown in Figure 18. The values of tool wear per discharge
energy for different level of electrode rotational speed are
close to each other.

Toolwear for different

—— o
— o

——n_

012 019 180 405 627 845 19.04 2948
Discharge Energy (pJ)

e {000 RPM =~ == 3000 RPHI 4500 RPM
The effect of electrode rotational speed on the tool
6) Surface Microhardness
Results
The surface microhardness of each slot is measured on two
different points. since a control group, the microhardness of
one point from the unmachined area besides each slot is also

measured
‘Discha.rge Average
nuesy microhardness
(ul) T M“fﬁ%m“ T Mh“:%ff%ﬁm‘:m HV)
0.05 1.2.3 41467  28.29,30 409.50 41208
0.12 10,11, 12 42867 37.38,39 41033 419.50
0.19 19,20, 21 403.83  46.47.48 403.00 403 .42
18 4.5.6 43750  31,32.33 45250 44500
4.05 13,14, 15 42050  40.41.42 44333 43192
627 22,23 24 44333 49 50,51 430 83 43708
846 7.8.9 46750  34,35.36 460.50 464.00
19.04 16,17, 18 43000 43 44,45 43717 433 58
2048 25,2627 43850 46 48 32, 433.17 43583
Levels of the discharge energy and the microhardness.
. . y=427.63x07"
Average microhardness (HV) "R2= 0523
L ]
L VPRI SORSPPTRE Ly
----- »

430.00 e e ‘

42000 &

#1000 ®

»

20 25 30

Discharge Energy (pJ)

The scatter plot — the discharge energy and the
microhardness

7) The TN-coating and ANOVA.

The effects of the TN coating on microhardness for each
level of the discharge energy are calculated and the results are
shown in Figure

Micrehardness (uncoated vs. coated)

2 3 4 5 6
Discharge Energy (pJ)

The effect of TN-coating on the microhardness
8) Electrode rotational speed and ANOVA.
The effects of electrode rotational speed on the
microhardness for all levels of the discharge energy are
calculated

Migrohardness for different RPM

0z 0.19 1.80 4.05 6.27 8.46 19.04 2948
Discharge Energy {pJ)

w000 RPM| e 3000 RPM 4500 RPM
The effect of electrode rotational speed on the
microhardness

9) Element Characterization - EDS Analysis on the SEM
Results

The foremost chemical composition of the workpiece
consisted of Ti, Al, andV

Elements concentration

Concentration (%)

8 4
Discharge Energy

g T| g Vi ——Y

The concentration levels of the surface elements
Analysis of variance (ANOVA). The results of MANOVA
showed that voltage and capacitance are the significant
parameters. For comprehensive study of the main effects and
communication effect of these parameters on each element
concentration, general factorial regression is conducted using
Minitab 17.

All rights reserved by www.ijsrd.com 528



Analysis of Optimization of Machining Parameter to Titanium Alloy Using Micro EDM

(IJSRD/Vol. 7/1ssue 04/2019/135)

Element characterization_ the mam effects and the interaction effects.

Process parameters  Ti Al v C W
Voltage Yes Yes No Yes Yes
(varied) (increasing) (varied) (increasing)
Capacitance Yes No No Yes Yes
(increasing) (decreasing) (decreasing)
Voltage*capacitance  Yes No No No No
TN-coating No No No No No
RPM No No No No No
Other interacts. effects No No No No No

IX. THE OPTIMAL PROCESS PARAMETERS

The combination of the optimal process parameter settings is
able to identify to achieve the desired set of responses. Before
finding optimal values, it is important to define the responses
is included in the analysis as well as their desired values. In
this revise, the important response variables are machining
time, tool wear, crater size, and microhardness. Moreover, it
is assumed that their weights and importance are equal. The
response optimizer of Minitab 17 is used to find the optimal
parameters. The confidence level of 95% is defined for all
intervals.

Response Goal Lower value Upper value Weight Importance
Machining time (sec.) Minimum 16 897 1 1
Tool wear (um) Minimum 24 7 1 1
Crater size (um) Minimum 0935 13.47 1 1

Optimal parameters

Marhinine time  T0GL1EAN (Al)
fit fit Crater size fit

Electrode Voltage Capacitance RPM

TN-WC 60 4700 1000 262.7 sec. 2.5um 1.56 pm

The assumptions and the optimal values for the first
set of response variables.

Response Goal Lower value Upper value Weight Importance
Machining time (sec.) Minimum 16 896 1 i
Tool wear {um) Minimum 24 7 1 1
Crater size (um) Minimum 095 1346 1 1
Migrohardness (HV)  Maximum 373 505 1 1

Optimal parameters Machining Tool wear Crater size Hardness

time fit (Al) fit fit fit

Elecrode Voltage Capacitance RPM

TN-WC 60 4700 3000 236 sec. 3um 126 um 4755 HV

The assumptions and the optimal values for the
second set of response variables

X. CONCLUSION

In this thesis, the RC-type micro-EDM machine is utilized to
conduct an experimental study in the micro-EDM of Ti-6AL-
4V alloy. The purpose of this study is to determine the
relationship between micro-EDM process parameters and the
response variables as well as to find the optimal process
parameters. After analyzing the resulting data and evaluating
the results, the researcher is able to conclude about the
previously stated paper questions.

REFERENCES

[1] Jahan, M. P., Lieh, T., Wong, Y., & Rahman, M. (2011).
An experimental investigation into the micro-
electrodischarge machining behavior of p-type silicon.

International Journal of Advanced Manufacturing
Technology, 57(5-8), 617-637.

[2] Jahan, M. P., Rahman, M., & Wong, Y. (2011a). A
review on the conventional and micro- electrodischarge
machining of tungsten carbide. International Journal of
Machine Tools & Manufacture, 51(12), 837-858.

[3] Jahan, M. P., Rahman, M., & Wong, Y. (2011b). Study
on the nano-powder-mixed sinking and milling micro-
EDM of WC-Co. International Journal of Advanced
Manufacturing Technology, 53, 617-637.

[4] Jahan, M. P., Wong, Y., & Rahman, M. (2010). A
comparative experimental investigation of deep-hole
micro-EDM drilling capability for cemented carbide
(WC-Co) against austenitic stainless steel (SUS 304).
International Journal of Advanced Manufacturing
Technology, 46(9-12), 1145-1160.

[5] Jahan, M. P., Wong, Y., & Rahman, M. (2009a). A study
on the fine-finish die-sinking micro-EDM of tungsten
carbide using different electrode materials. Journal of
Materials Processing Technology, 209(8), 3956-3967.

[6] Jahan, M. P., Wong, Y., & Rahman, M. (2009b). A study
on the quality micro-hole machining of tungsten carbide
by micro-EDM process using transistor and RC- type
pulse generator. Journal of Materials Processing
Technology, 209(4), 1706- 1716.

[7] Jameson, E. C. (2001). Electrical discharge machining.
Dearborn,  Michigan:  Societyof = Manufacturing
Engineers.

[8] Kadirvel, A. K & Hariharan, P. m. (2014). Optimization
of the die-sinking micro-EDM process for multiple
performance characteristics using the Taguchi-based
grey relational analysis. Materials and Technology
48(1), 27-32.

[9] Kadirvel, A. k., Hariharan, P. m., & Mudhukrishnan, M.
h. (2014). A study onthe die- sinking micro-electrical
discharge machining of EN-24 die steel using various
electrode materials. Advanced Materials Research, 73-
82.

[10] Kalpakjian, S., & Schmid, S. R. (2006). Manufacturing
engineering and technology.

[11] Upper Saddle River, NJ: Pearson Education, Inc.

[12]Katz, Z., & Tibbles, C. J. (2005). Analysis of micro-scale
EDM process. International Journal of Advanced
Manufacturing Technology, 25(9/10), 923-928.

[13]Kim, D. J., Yi, S. M,, Lee, Y. S., & Chu, C. N. (2006).
Straight hole micro EDM with a cylindrical tool using a
variable capacitance method accompanied by ultrasonic
vibration. Journal of Micromechanical
Microengineering 16(5), 1092-1097.

[14] Laurentiu, S., Margareta, C., Irina, B., & Lorelei, G.
(2013). Layers affected by thermal processes in the case
of some nonconventional machining methods. Revista
De Tehnologii Neconventionale, 17(2), 81-85.

[15] Manjaiah, M., Narendranath, S., & Basavarajappa, S.
(2014). A review of machining of titanium based alloys
using EDM and WEDM. Reviews on advanced materials
science, 36, 89-111.

[16] Meena, V. K., & Azad, M. S. (2012). Grey relational
analysis of micro-EDM machining of Ti-6Al-4V alloy.
Materials & Manufacturing Processes, 27(9), 973-977

All rights reserved by www.ijsrd.com 529



