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Abstract

This study aims to investigate the effect of tool with conductive and non-conductive coating layer on Ni based X alloy using micro-
EDM. Machining output such as machining time, tool wear and overcut were measured as function of voltage, tool rotation and
capacitance. As per experimental results, with the increased discharge energy, machining time shows reducing trend for both tool,
however conductive coating on tool contributes to reduce machining time more. On top of that, discharge energy of sparks
contributes to the hole overcut by enlarging the entrance diameter of a hole, which is relatively higher in case of tool having
conductive coating. In addition, tool wears show decreasing trend with the increase of discharge energy and its value is less in case

of tool with non-conductive coating.
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1. Introduction

Ni alloys contribute toward the applications associated with oil
& gas industries, automotive industries, and aerospace
industries [1-2]. Nevertheless, due to their hardness and low
thermal conductivity, it is not convenient to machine these
alloys using conventional machining processes which involve
greater cutting force and severe tool wear [3]. These
limitations related to Ni alloy machining can be avoided using
non-conventional machining process like micro electro
discharge machining which is based on non-contact method
and involves insignificant cutting force [4-6]. As there is an
increased demand for alloys like Ni by the industries, growing
interest for investigation of these alloys has been noticed
among the machinist community. Hence, this paper studies the
effect of tool coating on machining time, tool wear and hole
overcut. It is interesting to investigate on the coating
parameters as tools contain the coating around their periphery
but not on the tool bottom side, therefore, it might assist in
controlling hole overcut and as well tool wear.

2. Experimental Details

A desktop micro-EDM machine tool from SmalTech was
used in this study for conducting micro-electro-discharge
machining on Ni alloy workpieces. Overall view of the micro-
EDM experimental setup is shown in Fig. 1. Experimental
parameters used in this study are voltage (60, 85, 100V),
capacitance (30, 1000, 4700pF), tool rotation (1000, 3000rpm),
tungsten carbide end mill tool with conductive coating and
non-conductive coating, EDM oil as a dielectric. Firstly, a series
of blind micro-holes were machined using micro-EDM setup on
a Ni workpiece using the tungsten carbide electrode with two
different coatings (Fig. 2). Micro holes were machined using
various levels of discharge energy by varying the electrical
parameters (RC generator) and tool rotation. After machining,
Ni samples were washed with ethanol, normal tap water, and
deionized water, respectively. Ni samples were placed in a

small glass-biker containing ethanol, and then ultrasonic
cleaner was used to remove remaining loose materials from
the machined surface for five minutes. Afterwards, following
that ultrasonic cleaning process, the samples were rinsed with
deionized water. Finally, the experimental data were collected
using SEM(JEOL) and optical microscope(Keyence) to assess the
precision of the micro-holes and tool wear. The quality of the
micro-holes and tool condition were evaluated using the
scanning electron microscope (SEM) images and optical images,
respectively.

Figure 1. Experimental setup

3. Result & Analysis

In this study, 30um deep blind micro holes were machined on
Ni based X-alloy surface using conductive and non-conductive
coated tungsten carbide milling tools. It is evident from figure
3(a), and (b) that conductive coated tools experience lower
machining time than the tool with non-conductive coating. This
may be due to the fact that, non-conductive nature of diamond
coating delays the machining time contributing to slower
machining pace. Nevertheless, machining time for both tools
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shows reducing trend with the increase in discharge energy and

it is true for both settings of tool rotation.

Figure 2. Blind micro-hole fabricated by tool with (a) conductive
coating (b) non-conductive coating.
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Figure.3. Effect of tool coating on machining time
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Figure 4. Effect of tool coating on tool wear
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Figure 5. Effect of tool coating on hole overcut

In general, tool wear shows reducing trend with increase in
discharge energy for both levels of tool rotation (Figure.4). This
trend may be due to the fact that higher discharge energy
reduces the machining time; as a result tool wear reduces
because of less contact time. On top of that, tool wear reduces
from conductive to non-conductive coating. Again, the hole
overcut for tool with non-conductive coating shows
significantly lesser value than the one which is fabricated by
the tool with conductive coating. This is due to the fact that the
non-conductive coating on the circumference of the tool limits
the spark enlargement which in turn causes less enlargement
of the hole entrance. On the other hand, conductive coating on
the tool circumference facilitates the spark enlargement. As a
result, the hole fabricated by the tool having conductive
coating shows bigger overcut than the one with non-
conductive coating.

5. Conclusions

This experimental study on the effect of conductive and
nonconductive tool coating is conducted using RC-type micro-
EDM machine on Ni alloy. Based on the exerimental results
presented in this study, the following conslusions can be
considered.

1. Machining time for the tool having conductive
coating is significantly lower than for the tool with
non-conductive coating and for high tool rotation,
this difference is even greater for lower discharge
energy settings.

2. Tool wear reduces from tool with conductive coating
to the tool with non-conductive coating and higher
tool rotation reduces the tool wear for both cases.

3. Tool with non-conductive coating generates reduced
hole overcut comparatively.

References
[1] Wright, P.K. and E.M. Trent, 2000: Butterworth-Heinemann.

[2] Axinte, D, etal.,.2006 CIRP Ann-Manuf. Techn., 55 (1) 117-120.

[3] Komvopoulos, K. and S. Erpenbeck, 1991. J. Eng. for Indus., 113 (3) 253-
267.

[4] Tsai, H., B. Yan, and F. Huang, 2003, Int. J. Mach. Tool. Manu., 43 (3)
245-252.

[5] Masuzawa, T., 2000 CIRP Ann-Manuf. Techn., 49 (2) 473-488.

[6] Tsai, Y.-Y. and T. Masuzawa, 2004 J. Mater. Process. Tech., 149 (1) 304-
309.



