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Abstract:

Incessant  exploration of novel material
ceramic has been urged to fulfill the needs of
high end applications in the ranges of defense,
biological, aviation, atomic fields and
automobiles. This has brought simplicity of
machinability in manufacturing regime. The
assumption that ceramic materials with a
fairly low electrical conductivity have a little
process window is presently won by
approaching EDM innovation as a potential
decision. This innovation has  gotten
expanding consideration from manufacturing
industry because of innate capacity of
machining of hard or solid conductive
material. At the same time, it additionally
accomplishes higher material removal rate
than different courses of action. Huge
commitments have made by different
specialists to investigate the potential
relevance of the methodology. These
commitments were large and towards change
in procedure proficiency, improvement of
methodology variables and methodology
checking and control. This paper unexpectedly
reviews the improvement of non conductive
ceramic materials took after by the
advancement  of  Electrical — Discharge
Machining by overcoming a basic limit of
machining just conductive parts by EDM.. The
review introduced in this paper covers the
investigation of commitments made by
different analysts to upgrade the improvement
and uses of insulated ceramic materials.

KEYWORDS: Assisting electrode method;
Conductive phase; Electrical discharge
machining; Insulating ceramic

1. Introduction

The most recent enhancements in properties
of ceramic material have prompted expanded
utilization of engineering ceramics in different
industry fields. The main consideration with
ceramic is the exact shape without micro
cracks as in traditional machining. Ceramics
materials have been confronting advance
manufacturing methods, for example, laser,
ultrasonic and electrical beam machining yet
high hardness and weakness of ceramics make
them exceptionally hard to machine. On the
other hand, potential and appealing procedure
electrical discharge machining(EDM)
perceived for precise machining of hard and
electrically =~ conductive  materials  (the
resistivity under 100Qecm).Electro Discharge
machining (EDM) demonstrating its intensity
over traditional machining methods for
machining of such novel materials[1]. Its
interesting highlight to machine electrically
conductive parts by utilizing thermal energy
independent of their hardness has been its
distinct advantage in manufacturing of mold,
die, automobiles, aviation and surgical
segments. Previously, it has been considered
that the EDM method could not be applied to
insulating materials due to high resistivity. In
line with current knowledge, an electrically
conductive components such as TiB2 as well
as TiN, TiC needs to be added to the material
in case of insulating ceramics alumina, silicon
nitride or zirconia matrix while improving, the
mechanical properties but maintaining fracture
toughness.ZrO2-based,  Si3N4-based and
Al203-based  ceramic  material  with
augmentations of electrical conductive stages
like TiN and TiCN, have been explored.
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These materials, which for the most part lies
somewhere around 100 and 300Qcm.However
this trouble could be overcome by doping with
conductive components and fusing impurities
into ceramics [2-4].Ceramic can be made
conductive by doping with some conductive
components in specific amounts improves its
electrical conductivity. This pattern was used
via specialists to explore further in this
domain. Assisting electrode method (AEM)
was proposed to machine insulating ceramics
by EDM [1-2] to complex shapes with the

2. Systems to make insulating ceramics
electrically conductive

% Natural electrical conduction by free
lattice electrons,
X Doping with conductive components,

% Incorporating  impurity  influence

conductivity.

Generally metals have free lattice electrons as
charge carrier but ultrapure ceramics possess
no charge carrier that’s why metals are known
to be natural conductors. As mobility of ions of
ceramics is restricted by their integration in
structure even at high field strength, no current
is conducted through ceramics [5]. Current can
be made to pass through this non conductor by
doping it with some natural conductor during
manufacturing. In polar bonded material,
conductivity can be introduced by freeing
additional electrons which have certain
mobility [6].

Indeed, even where particles can't expect
varying valences, vacancies can be made by
consolidating lower-valency impurity elements.
This impact made calcium-oxide conductive
doped with zirconium oxide in which the
4. Literature Review

A number of papers have been published since
1980 on EDM of ceramics. Universities and
industries took part in the research in which
effect of pulse duration, discharge current on
the removal rate, electrode wear and surface
finish has been investigated [7-8].The need for
enough electrical conductivity has given rise to
interest by many researchers. Much work has
been done on the possibility of adding some
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help of wire electrical discharge machining
(WEDM) apparatus. Machining properties and
structure of layer has been studied. Various
material removal mechanisms
melting/evaporation, spalling and oxidation
has been investigated under study of EDM of
non conductive ceramics.

Prospects to practical use and applications of
insulated ceramics have been considered to
enhance machining efficiency.

bivalent calcium particle has supplanted the
quadrivalent zirconium particle. By changing
the sort and amount of the impurity element,
conductivity can be expanded to such a worth
at which electrical discharge machining turns
into the favored procedure.

3. Electro-Discharge Machining of Ceramics
As EDM is known as thermal machining
process so this has turned into leeway over
conventional system which were constrained
by mechanical properties and is experiencing
consistent refinement. In this connection, the
ceramics a novel material concerned as
engineering materials for its outstanding
properties .The usage of these materials, with
their remarkable properties depends to a great
extent on financially acceptable methods found
to process them. The information exhibited
underneath serves principally to show the
plausibility of machining ceramics and
optionally to characterize achievable execution
as widespread industrial use of ceramics and to
indicate possible new lines of research and
development for innovative materials, or
improvements in current performance.

doping to the ceramic material to improve its
conductivity, so that it becomes susceptible to
EDM.

*  Matsuo and Oshima [9] researched the
EDM of ZrO2 and Al203 (not sufficiently
conductive independent from anyone else)
doped with amounts of TiC, NbC, and
Cr3C2.They examined an ideal carbide
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content that improves the material removal
rate to have an impact on surface finish.

X S. Put et. al. [10] researched the EDM
of ZrO2 (not
independent from anyone else) doped with
amounts of TiC, NbC and Cr3C2.

% Lee and Lau [11] investigated the EDM
procedure of A1203 doped with up to 40% of

TiC so as to enhance its electrical conductivity

sufficiently  conductive

came about into an evacuation rate of 0.6
mm3 min—1 with a surface finish of 4 pum.
Negative and positive polarity result in to
shallow & wide penetration and deeper &
localized penetration.

X2 Similar work was completed by Martin
et al. [12], who proposed increasing the
electrical conductivity of SiC by including
particles of TiB2 and of Si3N4 by including
particles of TiN.

X2 A creative system, still in the test stage,
is the utilization of a assisting electrode for the
EDM of non-conductive ceramics [13].A
dispersion of conductive particles (coming
about because of both the metallic plate and
the broken dielectric) happens on the surface
of the isolating material, so that the
conductive layer advances alongside the feed
of the electrode.

% Panten [14], the materials analyzed
were mainly ceramic composites with enough
electrical conductivity. The work shows that
the removal mechanisms in the case of

ceramic materials different to those of metals.

5. Assisting Electrode Method for machining
of insulating ceramics

The assisting electrode method was first
applied to a joined metal-ceramics specimen. In
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this set up, discharges are started on the metal
side and advancement towards the ceramics
material as a carbon layer is dynamically
produced around the discharge points As the
region of the carbon layer spreads toward the
insulating ceramics surface, discharges move to
the ceramics material and removal erodes its
surface even if it is an insulating material. The
surface of the insulating ceramics is secured
with an electrical conductive layer. This
conductive layer adhered on the ceramics
surface takes the role of the assisting electrode.

Copper clectrode

(-) Assisting

electrode

il S

(

|
| 7
|
|

e S A TR
RRa Ccramics B

Fig.1. Schematic diagram of Assisting Electrode Method
[15]

During the machining process, the workpiece is
dipped in kerosene oil. Power source is
specially designed control system. Mohri et.al
accepted that the machining procedure
continues with two discharge phenomena
alternately. One relates to manufacture of the
carbon items (on account of dipping in
kerosene oil) on the discharged high electrical
resistance territory by the long pulse and follow
the electrically conductive layer on the surface
of the workpiece. The other is in charge of the
real expulsion machining from the workpiece
normal mass removal machining by the
discharge pulse.Rotating electrode and flushing
dielectric results in improved surface roughness
[15].

5.1 Investigation of material removal
characteristics of insulating ZrO2 ceramics

Sabur et.al investigated EDM of 92% pure
zro2 ceramic (insulating) .A copper layer (with
-ve polarity as an initial assisting electrode) for
making it conductive for occurrence of the
sparks adhered to the workpiece which
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converts into formation of pyrolatic carbon
layer with the debris of tool electrode materials.
This pyrolatic layer washed away later. The
workpiece and the tool electrode were cleaned
by acetone ahead of and after machining.

Major materials removal mechanism in EDM
connected with nonconductive ceramic
materials is spalling observed through various
cracks. Spalling is determined by the input
energy. The minimum input power of just one.
1 KVA could start the machining making a thin
layer of pyrolytic carbon with small MRR.
Stable machining is achieved at 1. 2 KVA plus
much more materials are removed at enhanced
input powers.

It is evident that initial increase in power
increases the MRR. EDM of advanced
ceramics relies on dielectric strength .More free
carbons released at high input power in
addition to reduce dielectric strength. In this
condition, rate of pyrolytic carbon formation is
also reduced which might be another reason for
decreasing MRR on higher input power in
EDM connected with nonconductive ceramic
materials [16].

5.2. Investigation of surface roughness for
MEMS Application

Purpose of Surface roughness in Small
electromechanical systems (MEMS) was
perused by Sabur et. al for modern engineering
applications telecom or electronics, Precise
surface roughness is necessary to fabricate
intricate and micro products.

Machining on experimental setup of micro-
EDM for nonconductive ZrO2 ceramic while
using Cu foil as an AE in addition to copper
tool electrode has recently been conducted. The
workpiece and your tool electrode were
cleaned by acetone before machining and
immediately after machining for observing
surface structure. As discussed above, Cu foil
provides a conductive layer with cracked
carbon with the debris of tool electrode
material. After machining, it is cleansed away.

WYKO NTI1100 optical profiling system is
used to measure the SR and also machined
surface is inspected by scanning electron
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microscope (SEM) (JEOL JSM-5600). Taguchi
was employed for optimization of surface
roughness. Surface roughness was noticed in
different micro-EDM conditions on your ZrO2
ceramics.

ANOVA and F test for taguchi provided a
estimation model for surface roughness since
the function of voltage, Capacitance and also
speed. It was observed that will surface
roughness is directly proportional to help
voltage. Poor debris flushing because of low
capacitance gives higher surface area
roughness while efficient flushing of debris
because of high capacitance resulted into low
surface roughness. Experiment revealed your
optimum parameters as voltage ninety,
capacitance 500 pF and swiftness 300 rpm
[17].

6. Concept of micro machining for Si3N4
The EDM on sintered insulating Si3N4
ceramics with TiN layer as the assisting
electrode layer was investigated by Apiwat
Muttamara et.al.

AE layer was made by a physical vapor
deposition (PVD) method rather than colloidal
graphite solution [6].The carbon baked layer is
a useful material for the assisting electrode.
Precise shape is made attainable with high
electrical ~ resistance  assisting  electrode
.Material removal rate is inversely proportional
to diameter of electrode decreased with
increasing of diameter on every electrode. It
assumes that the discharge concentration
generates easily with decrease of the machined
area. Study has revealed that increased wear
ratio of pipe device electrode than solid
electrode but it diminishes under 0. 5 mm
diameter which showed the result that pipe tool
electrode possesses better machining properties
solid electrode.

It indicated that the machining properties
depend on the area effects of tool electrode
size. The effects of the discharge current value
and discharge duration on the machining
properties are researched on the solid electrode
of 0.25 mm. The higher removal rate is
obtained at the low discharge current of 1 and
1.5A and short discharge duration of 2 s. It
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becomes too small at the machining condition
of 2A, te = 8 s while the wear of the tool
electrode increases with the increasing value of
discharge current and discharge
duration.Improved micro-machining obtained
on the lower discharge current and discharge

duration than the normal machining size above
I mm.

Material of electrode on micro machining have
been also studied.copper—tungsten material has
smaller wear ratio than copper in micro-hollow
machining..Copper—tungsten ~ material ~ is
usually used on the micro-EDM as a tool
electrode because of its rigidity and low wear.
The utility of the copper—tungsten tool
electrode is investigated on the micro-
machining. Form the above mention results,
copper—tungsten tool electrode was tried for the
machining of micro-hole (d < 0.1 mm).In the
micro-machining below 0.1 mm, such small
size tool electrode is not made commercially.
Electrode 1s made on the EDM machine itself
Diameter of 1.0mm copper—tungsten bar was
used for the base tool electrode. It was
machined by rectangular CuW block [18].

6.1. A microgear made of silicon nitride
machined by EDM process for the first time
with large MRR introducing multiwalled
carbon nanotubes as nanofillers in ceramic
materials.

Carbon nanotubes (CNTs) have attracted a
great deal of attention by enhancing
tribological and electrical properties.Olivier
Malek et.al used dense discs of Si3N4/5.3
vol.% MWCNTs with an a:3 Si3N4 phase ratio
of 40:60 and an average matrix grain size
of~240 nm as the workpiece. The
nanocomposite presented a homogeneous
dispersion of the nanotubes within the ceramic
matrix.MRR increased with increase in voltage
upto 120 V .Surface roughness achieved value
of 0.2 pum with smooth surface.

Experimental observation showed that 100 V is

International Journal of Research (IJR)

e-ISSN: 2348-6848, p- ISSN: 2348-795X Volume 2, Issue 06, June 2015
Available at http://internationaljournalofresearch.org

considered the most suitable discharge energy
for machining the MWCNTs nanocomposite. It
is difficult to estimate ecomomical benefits of
CNT doped hard insulating ceramics can
achieve. Nevertheless, High MRR and surface
finish compensate the high CNT cost, bearing
in mind that EDM would allow the creation of
intricate components only achievable through
this process. Small amounts of CNTs make a
difference in

ceramic properties.Good mechanical and
tribological properties as required for emerging
applications such as microturbines, MEMS,
microreactors, and microbioimplants could be
produced by electrical discharge machining of
Si3N4/CNTs [19].

7. Concept of machining fluids

Material removal rate and surface roughness
were observed during EDM with water-based
emulsion,NaNO3 and polyvinyl alcohol Y.H.
Liu et.al on insulating Al203. .MRR
initially increases fast with increase in
concentration of water based emulsion and then
decreases slowly with increase in emulsion
concentration due to different characteristics of
machining flui.MRR decreases with machining
fluid of high viscosity.SR increases with
increasing emulsion concentration due to
creation of large size crater with single pulse
discharge.

Same process occurs with NaNO3 and 5%
emulsion+ water +PVA. Flow velocity has also
been considered while evaluating machining
performance.MRR increases with flow velocity
of the machining fluid 5% emulsion + water.
Stability and energy of electrical discharges
improved with high flow velocity of the
machining fluid. Due to closeness of assisting
electrode to workpiece, energy of discharge
increase which in turn created large crater size
resulted into high surface roughness [20].
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8. Feasibility of slit machining on silicon
nitride has been investigated with assistance of
brass tool electrode.Due to this,open load
voltage and the discharge current has been
considered to evaluate material removal rate
(MRR), the electrode wear and the surface
roughness . 250 volts of open load voltage
provided more MRR than that of 280 volts.
Surface roughness increased with increasing of
discharge current. The Scanning Electron
Microscope used to observe conductive layer
on the bottom of the slit. EDS (Energy
Dispersive Spectroscopy ) resulted into
conductive layer which is composed of carbon
elements that are mainly from the dissolved
components of the working oil during
discharge. The SEM results of conductive layer
can be seen clearly on the bottom of the slit as
same as that of entrance. However,the profile
of the slit is more sharply edge than that of
entrance and provided smallest slit of
dimensions 0.48 mm wide, 0.93 mm deep, 0.05
° taper of entrance and exit and roughness 0.91
um [21].

9. Concept of vibration in machining of
Si3N4

EDM was carried out by Chaiya etal for
sintered Si3N4 insulating ceramic with an
assisting electrode in addition to cylindrical
copper tungsten (Cu-W) tool electrode
Investigation have been carried out for the
effects of the electrode vibration on the
adhesive of the conductive layer that showed
the disturbance in EDM software produced by
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chaiya et.al. Electrode vibration during the
discharge process assisted in expelling the
debris and conductive parts out of the discharge
gap in addition to improved machining rate.
Ultrasonic assisted EDM was unable to observe
the discharge waveforms which triggered
failure of creation of assisting electrode on
workpiece. Thus it absolutely was observed
that ultrasonic vibration must applied after the
transition zone (creation of assisting electrode
layer) because vibrations promote machining
efficiency only after the electrically conductive
layer adhered to the workpiece and normal
EDM is used for addition of conductive layer
on workpiece.

Different parameters of vibration can affect the
machining efficiency. USEDM can be achieved
on positive polarity which has been a limitation
on normal EDM but lead into less material
removal than the negative polarity. Short
circuiting of debris can be avoided in USEDM
so because of this conductive parts can be
produced. Discharges had been higher in
USEDM when compared with normal EDM.
Vibration amplitude likewise have a impact on
the machining efficiency that states that large
amplitude will not always result into high
MRR.US vibrations resulted into high surface
roughness [22].

10. New method for machining of insulating
ceramics

By Li Xiaopeng, DESSEDG i.e.. double
electrodes  synchronous  servo  electro-
mechanical discharge grinding can be found to
be associated with high efficiency, reduced
processing costs and also environmental
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pollution-free. The DESSEDG (EDM+EDG)
that has a pulse power present, a servo control
system, the working substance circulation
system as well as the machine body intended
for precise machining associated with
insulating ceramics.. Pulse power supply
responsible ~ for  discharges.  Conductive
grinding wheel and sheet electrode respectively
linked with positive and dnegative poles of
pulse power supply link.Minimum distance
concerning a rotating conductive grinding
wheel and sheet electrode triggered generation
of discharges which usually directly acts on
ceramic due to very thin sheet electrode. High
temperatures and high pressure
cause decomposition associated with ceramics
[4]. Thermal effects, electromagnetic effects,
light effects, sound effects and a wide
frequency range of electromagnetic radiation
and blast wave features have the effect of 2-4
times much more decomposition of material
than simply mechanical grinding.

As soon as rough machining significant peak
current, pulse width and also grinding force are
widely-used, EDM plays an important role in
now; when finishing the tiny parameters
areselected, this machining is took over by
mechanical grinding.

Absence of electrolyte reduces the risk for the
electrolysis polluting the environment , and
corroding the machine tool. Spark discharge
concerning sheet electrode and also grinding
wheelis responsible for keeping its shape and
also accuracy [23].

11. Structure of electrical conductive layer
Mohri et.al researched that the thickness of
followed electrical conductive layer could be
assessed from and that was expanded from 30
to 50 um with expanding Ui (open circuit
voltage).The material removal rate expanded at
the same time with increasing Ui. The electrical
conductive layer was made out of three layers.
The upper layer, center layer and the lower
layer was produced using carbon(C) & zinc
(Zn) components, zirconium (Zr) & C and Zr
& copper(Cu). C component was made from
the disintegration of working oil during
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discharge. Zn and Cu were produced using the
liquefying methodology of wire tool electrode.
It was clarified that the ZrO2 resolidified under
center layer of the electrical conductive layer.
On the bottomed layer zone, Cu component
entered into the dissolved and resolidified
ZrO2 body that was the limit of the machined
and conductive layer. Under the bottomed
locale, the thermal affected zone would be
made and the strength of EDMed material
would be changed [24].

Shape machining and micro machining could
be possible of insulating ceramics with
WEDM. Machining of axis symmetric shapes
could likewise be machined by WEDM
utilizing a insulating ceramic. As the wire was
scanned in arbitrary paths, the axis symmetric
shape could be machined. A micro hole with a
few dozens of micrometers in diameter could
be machined into insulating Si3N4 ceramics
using this method.

[12]. EDM of insulating AIN ceramic with
assistance of RC discharge circuit in addition
to tungsten electrode. Higher Machining rate
observed in negative electrode and less
electrode wear ratio observed in negative
polarity.Normal discharges generated in
negative polarity as compared to short
circuiting in positive polarity.

Electrical energy dispersion led to steady EDM
.Each electrode polarity showed no indication
of burrs and cracks around the machining hole.
Machining hole profiles were found straight
along the depth direction, and the shape of
holes was non-tapered.

The machining time decreased with an increase
in condenser capacity. Higher MRR observed
due to high peak discharge current and large
discharge duration Electrode wear ratio found
to be directly proportional to condenser
capacity. surface roughness and the difference
in machining hole diameter at the inlet and
outlet decreased with a reduction in condenser
capacity. Condenser capacity of 1.0nF provided
smooth EDMed surface and assisting electrode
method found to be effective [25].
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13. EDM of AI203 insulating ceramics with
high energy capacitor with red copper sheet
assisting electrode. The circuit basically
consists of a charging circuit and a discharging
circuit.The tool electrode is fed towards the
assisting electrode put on insulating AI203
ceramic surface, driven by a D.C. servo motor.
Effect of tool polarity, voltage ,capacitance
,current-limiting resistance, tool feed electrode,
tool section and thickness of assisting electrode
has been observed on the machining
efficiency.

The Single Discharge Crater Volume, Tool
Wear Rate and Assisting Electrode Wear Rate
with different

tool polarities have been observed. SDCV in
negative tool polarity is 1.1 to 1.7 times higher
than that in positive tool polarity. TWR in
positive tool polarity is 3.3 to 4.3 times higher
than that in negative tool polarity. AEWR in
positive tool polarity is 1.8 to 4.6 times higher
than that in negative tool polarity.

SDCV, TWR and AEWR increase with an
increase in peak voltage. TWR increases a little
with the increase of peak voltage when the
peak voltage is less than 300 V, and it increases
rapidly when the peak voltage increases from
300 V to 350 V. But when the peak voltage
increases from 300 V to 350 V, TWR increases
rapidly due to high dielectric energy..

SDCV, TWR and AEWR increase with an
increase in capacitance, TWR increases a little
with the increase of capacitance when the
capacitance is smaller than 20000 pF, and it
increases rapidly when the capacitance
increases from 20000 pF to 25000 pF. But
when the capacitance increases from 20000 pF
to 25000 pF, TWR increases.

TWR observed was less than zero when the
current-limiting resistance is greater than 4 Q.
TWR is low in vertical tool electrode feed.
AEWR in vertical tool electrode feed is 4.9 to
6.0 times higher than that in level tool electrode
feed. The heating assisting electrode area is
large in vertical tool electrode feed, and more
assisting electrode material can be removed, so
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the AEWR is high in vertical tool electrode
feed.

TWR is less than zero when the tool electrode
section area is greater than 4 mm2. SDCV,
TWR and AEWR decrease with an increase in
the assisting electrode thickness [26]

14. Investigation of material removal
mechanism of ceramic material doped with
some conductive phase

14.1 Identification of material removal
mechanisms

Three sorts of material removal mechanism in
EDM of  the different ceramics:
melting/evaporation, spalling and oxidation/
decomposition distinguished through
examination of debris and the surface/sub-
surface  quality. The machining tests
incorporate wire EDM and additionally pass on
sinking EDM .De-ionized water and also oil
based dielectrics have been utilized for die
sinking EDM [27].

14.1.1. Melting/evaporation: By C.-C. Liu &
J.-L. Huang topography and cross-area of
ZrO2-TiN machined by wire EDM (roughing
condition) utilizing de-ionized water as
dielectric has been indicated with advanced
EDM parameters. Utilizing higher energies
came about as a part of wire rupture. There are
numerous droplets left on the wire-EDMed
surface, which shows that the material removal
method is most presumably
melting/evaporation.

It has been seen that recast layer hold micro-
cracks. Likewise lower surface roughness and
less deep cavities are acquired from machining
of Al203-SiCw-TiC machined by wire EDM
utilizing de-ionized water as dielectric. The
surface (e.g. droplets, and so on.) and sub-
surface quality (e.g. development of micro-
cracks) multifaceted furthermore depend not
exactly on the generator settings (pulse
parameters, etc.) moreover on the material
properties such as liquefying point, thermal
conductivity, crack toughness, and so forth
throughout this way, observing and stock
arrangement of micro-cracks is ordinary for
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materials, for example, ceramics, having less resistance.

(a) Topography (b) Cross section
EDM parameters (Wire EDM, rough cutting mode): u;: -120V, t: 2.4 us; to: 15 us
Thickness of sample: 5 mm
Ra: 2.71 um / Material Removal Rate: 30.3 mm?/min

Fig.5.Topography and cross-section of ZrO2-TiN by wire EDM (roughing condition)[27].

14.1.2. Spalling: By A. Pitman & J. Huddleston, Small volumes of material is expelled from the base
material because of large micro-cracks created during EDM which exist in opposite and parallel course
of top surface .Separation of a volume amid progressive discharge much easier by these huge micro
splits. On die sinking EDM about Si3N4-TiN using de-ionized water, examination of the debris
toward A Pitman exhibited that they hold numerous the parts copper (originating starting with
electrode) and parts from claiming Ti Furthermore Si (originating from the base material) Hosting
round ,moreover sharp edges which evidently exhibits spalling as material evacuation mechanism. Die
sinking EDM for Si3N4-TiN on oil dielectric might have been not effective a direct result the material
braking because of the higher current densities when utilizing oil dielectrics [28].

(@) (b) (©)
Irregular size of debris (15um) Spherical size of debris (15pum) Irregular size of debris (90m)
MRM: spalling MRM: melting MRM: spalling

Fig. 6. Debris collected during die sinking EDM of Si3N4-TiN in de-ionized water [28].

14.1.3. Oxidation and decomposition:

Toward m. Yoshimura et. Al, XRD case showed that there may be little refinement done material
course of action between those base material and the machined surface.. Clearly, there is no copper
substance when metal wires are utilized which is typically a part of WEDM. Generation of numerous
gas rises amid wire EDM of Si3N4-TiN prompted frothy structure. Throughout machining, the era of
air pockets might have been obviously noticeable Also a ammodytidae emanation might have been
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generated. These effects are recognized for the oxidation about Si3N4-TiN influenced by the thermal
vitality of the EDM procedure. Further, oxidation or decay response might increment the material
evacuation rate. SiI3N4-TiN need been machined toward pass off sinking EDM to de-ionized water
will show over discoveries. SiO2 Likewise glass structure is confined from the get go [29].

EDM parameters (roughing mode):
u;: 180V, i 4.4A;t:42s;t,: 27 s

Fig.7. Era of a non-conductive glass stage throughout die sinking EDM for Si3N4-TiN On de-ionized
water [29].
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These glass structures realize poor surface
quality and due to those electrical resistivity of
the glass stage, machining gets on be
exceptionally troublesomeness. Because of the
easier viscosity of water, those plasma channel
is bigger bringing about less deep craters An
rougher recast layer will be procured due to
the additional material evacuation part from
oxidation and decay of Si3N4-TiN by die
sinking EDM in water.

15. Prospects for Practical Use and
Applications

Broad advancement work as of late has scored
huge victories in the field of ceramic material
qualities, and has as of now prompted fruitful
reconciliation of these new materials in a wide
range of mechanical courses of action and
applications. The essential prerequisites in the
utilization and treatment of ceramics in
mechanical and apparatus building has
inescapably impeded this advancement,
however can't and won't keep it from
happening. The oxide ceramics have been
being used especially outside the mechanical
Engineering field, for instance in furnace
construction, yet ceramics are expanding in
streets into innovative applications, owing to
their enhanced physical and mechanical
attributes. Greater toughness and resistance to
thermal shock resulting from a combination of
high strength, high thermal conductivity and a
low coefficient of expansion permit use of
ceramics in, for example, cutting, extrusion,
pressing and drawing tools, in internal
combustion engine and gas turbine
components, as a solution to wear problems or
as a material for ultra-precision machine tools
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15.1 Some Consideration towards Practical
Use of Insulating Ceramics

Ceramics are, a direct result of their different
useful properties, anticipated that would be
put to more extensive commonsense use as
key materials in this century , the creators
have proposed new thought of machining of
insulating ceramics by utilizing the assisting
electrode strategy, carbon layer improves the
electrical conductivity of ceramics. High
velocity machining in W-EDM is done under
states of bring down pressure than common. A
few contemplations to machining of insulating
ceramics keeping in mind the end goal to
accomplish more extensive application in
industry are portrayed. Firstly, Machining of
insulating ceramic Si3N4, SiC,ZrO2, AI203
can't be machined by customary EDM system
in light of their high electrical resistivity.
These materials have higher melting point and
lower thermal conductivity than metals.
Material removal rate versus Result of
Thermal Conductivity and dissolving point is
plotted into a chart. These graphs represented
that the removal rate by graphite electrode is
mostly higher than that by copper electrode
for each material. When a graphite electrode is
used, worn graphite powder from the electrode
makes discharges disperse and may act
efficiently on the generation of carbon layer
on the ceramic.

15.2. Towards High Speed Machining
Machining of metals keeping in mind the end
goal to get carbon era on the separator and
discharge current is situated lower to stay
away from wire breakage [30]. Tungsten (W)
and molybdenum (Mo) are embraced amongst
accessible wires on account of their high
rigidity at lifted temperatures. Brass wires
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(Cu-Zn compound) can be utilized as a part of
machining of encasing in low vitality
necessity Frequent Mo wire breakages
happened and machining pace was restricted
so as not to surpass 4 mm2/ min in past
machining methodology. The Trial for high
velocity machining by changing conditions in
the table under standard wire pressure of
1000gf prompted disappointment. Discharge
states from wave-frames perceptions into:
ordinary discharge state, lack or focus state
and long discharge length of time state were
considered to research further.. The change of
discharge states under common wire pressure
is spoken to as demonstrated as follows.
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Figure 8: Change of machining condition [30]

As machining time continues, the proportion
of ordinary discharges drops down quickly
and the long discharge term state and fixation
state keep up high degrees. As a result, Tool
wire is dissolved down and wire breakage
results. Contingent upon the circumstance, we
utilized low pressure down to 1/4 of the
generally connected strain. Discharge states
remain practically steady against machining
time. In this way, it is normal that more
vitality can be supplied into the discharged
area under low wire strain conditions.

15.3. Baked Carbon Layer as an Assisting
Electrode

After thought of supporting
technique began from machining on metal-
ceramic joints, a few tests on machining of

electrode
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insulating ceramics have been completed with
metal plates, metal meshes and doped silicon
plates as assisting electrodes going for stable
machining and high material removal rates.
Instantly, TIN electrode as extraordinary
equipment for the PVD methodology is
required. This technique is both non-
economical and hard to actualize since it
obliges a  pretreatment by EDM
administrators. In order to make the assisting
electrode more practically, carbon baked on
ceramics method is examined against the
PVD-TIN coating process. In the process of
making the assisting electrode, colloidal
graphite solution is coated on pre-heated
Si3N4 ceramics at 473 K and maintained at
the same temperature for 2 minutes. To
investigate the electrode resistance, Si, Cu, or
TIC powder is mixed in the solution. The
properties of the layers on the ceramics are as
follows

Si Cu | TiIC | PVD
inG|inG | inG|-TiN
Thickness (mm) 045 07 [ 055 ] 055 | ooos
Powder Dia. (um) - 10 | 100 5 -
Relative resistance | 480 | 720 | 390 | 660 | 1
G: Colloidal solution of graphite
Siin G: Si powder in Colloidal graphite (Swt%)

Cuin G: Cu powder in Colloidal graphite (5wt%)
TiC in G: TiC powder in Colloidal graphite (Swt%)

Assisting electrode G

Fig.9. Properties of layer on ceramics [30].
Machining continued attractively without
detachment of the aiding terminal from the
work-piece. Machining precision at the
doorway of the hole machined for higher
imperviousness  supporting  electrode s
superior to that for TIN assisting electrode.
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Fig.10. Displacement of main axis against machining
time [31].

There is no difference in the slopes of the lines
after the tool electrode penetrates the assisting
electrode. The difference of
displacements at the beginning of machining
can be explained by the difference in thickness
of assisting electrode. Hence, colloidal carbon
prepared with respect to insulating ceramics
will be viably pertinent Concerning
illustration an supporting electrode what's

electrode

more enhances machining precision.

8. Conclusions

The machining framework AEM for insulating
ceramic presumed that  thickness from
claiming electrical conductive layer, which
might have been aggravated throughout
discharge, expanded with expanding the open
voltage. The bending strength
diminished at the high open circuit voltage
condition. The electrical conductive layer
might have been aggravated of the upper zone
created with carbon and zinc, that focal point
zone might have been zirconium and carbon
and the lower level zone might have been
zirconium and copper. The bending strength
can be improved using the polishing by

circuit

diamond lapping. EDM material evacuation
mechanisms bring been inspected for
industrially approachable ceramic materials.
Further, the spalling impact is ended up being
emphatically identified with the development
of splits. The plan of cracks looking into itself
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depends, around separate variables such as
thermal conductivity of the material, melting
point and nature of the investigated materials.
Hole machining and slit machining of dozens
of micrometer to insulating ceramics are
possible.  Machining
increased by using colloidal carbon baked

accuracy can be

layer as an assisting electrode.

Ceramic materials need aid Notwithstanding
turn into the most recent prerequisite of
manufacturing industry and, much appreciated
to  electro-discharge  machining  which
aggravated processing of ceramics possible
irrespective of their hardness and toughness.
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