








[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]















[image: ]
[image: ]
[image: ]


















image4.png
Indian Institute of Technology Kharagpur
== Electro-discharge Machining - Process
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. Mechanism of Material Removal

Potential difference
Generally tool negative
and work positive
Electric field is
established
Tool & work piece —
conductor of electricit:

Thus free electrons are available
If the work function is low, electron get emitted from tool
Cold emission of electron & acceleration of same

Collision of electron with dielectric molecules
lonis. ielectric molecules — more ions & electrons
Secondary & tertiary ¢ollisions - plasma channel

“Avalanche motion” of electrons — spark
Impingement of work piece by high energy electron
High temperature on work piece

Shock wave — material removal
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" Process Parameters in EDM

The open circuit voltage - V= QO\/

The working volta‘g?:%x/

The maximum current - |, PR

The pulse on time - t,,

The pulse off time -t

The gap between the work piece and the tool -

sparkgap-3

The polarity — straight polarity - tool (-ve)

The dielectric medium

External flushing through the spark
Ean™d MS ﬁ*ug%éﬂ;
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Characteristics of EDM

The process can be used to machine any work
material if it is electrically conductive

Material removal depends on mainly thermal
properties of the work material rather than its
strength, hardness etc

In EDM there is a physical tool and geometry
of the tool is the positive impression of the
hole or geometric feature to be machined

The tool has to be|electrically conductive\as
well. The tool wear once again depends on the
thermal properties of the tool material
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== Characteristics of EDM

' Though the local temperature rise is rather
high, still due to very small pulse on time, there
is not enough time for the heat to diffuse and
thus almost no increase in bulk temperature
takes place. Thus the heat affected zone is
limited to 2 - 4 um of the spark crater

However rapid heating and cooling and local
high tempms to surface hardening

teads to surface hardening
which may be desirable in some applications

—_——
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* Though there is a
possibility of taper cut
and over cut in EDM, they
can ‘be controlled and
compensated.
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== Dielectric

» Material removal mainly occurs due to thermal
evaporation and melting. As thermal processing is
required to be carried out in absence of oxygen so
that the process can be controlled and oxidation
avoided.

Oxidation often leads to poor surface conductivity
(electrical) of the work piece hindering further
machining.

Hence, dielectric fluid should provide an oxygen
free machining environment.

Further it should have enough strong dielectric
resistance so that it does not breakdowi
electrically too easily but at the same time ionise
when electrons collide with its molecule.
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Dielectric

Moreover, during sparking it should be
thermally resistant as well.

Generally kerosene and deionised water is used
as dielectric fluid in EDM.

Tap water cannot be used as it ionises too early
and thus breakdown due to presence of salts as
impurities occur.

Dielectric medium is generally flushed around
the spark zone.

It is also applied through the tool to achieve
efficient removal of molten material
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- Moreover durig sparkin it shoud be
thermallyresistant a5 wel

- Gencrally kerosen and deionised vate s used
a8 dioecric fud in EDM,

- Tap watercannot be used as it oises too early
and thus breakdown due o presence of als 5
impuriies occur.

- Dilectric medium is generaly lushed around
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Tool Materials
Electrode not undergo much tool wear when it
is impinged by positive ions
Localised temperature rise has to be less
By tailoring or properly choosing its properties
Or even when temperature increases there
would be less melting

Further, the tool should be easily workable as
intricate shaped geometric features are

machined in EDM. lI @
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Electrode not undergo much tool wear when it
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Tool Material Characteristics
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Tool Materials

High electrical conductivity - electrons are cold
emitted more easily and there is less bulk
electrical heating

High thermal conductivity — for the same heat
load, the local temperature rise would be less
Higher density - for the same heat load and
same tool wear by weight there would be less
volume removal or tool wear and thus less
dimensional loss or inaccuracy

High melting point - high melting point leads to
less tool wear due to less tool material melting

for the same heat load
Eas &Cost—cheap








~ Tool Material Characteristics-
High electrical conductivity - lectrons ae cold
emited more easily and thre i less bulk
Slcurical heatng
High thermal conductivity — forth same heat
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Higher density  forthe same heatload and
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Copper

Brass

Graphite

TOOL MATERIAL
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Types of EDM

1. Die Sinker EDM

2. Wire Cut EDM

3. Powder Mixed EDM
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Types of EDM



1. Die Sinker EDM



2. Wire Cut EDM



3. Powder Mixed EDM
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as oil or other dielectric fluids. The electrode and workpiece are connected to a suitable
power supply. An electrical potential is generated between the tool and the workpiece
through the power supply. As the electrode approaches workpiece. the dielectric break
down starts taking place in the fluid. Due to this activity, a plasma channel starts forming
and sparks jump from the electrode to the workpiece leading to material removal from the
‘workpiece. The principle of die-sinking EDM is shown in Fig. 3.10.1 and the schematic
of die-sinker EDM process is shown in Fig. 3.10.2

The main components of Die-sinker EDM are:

Power supply.

Dielectric system.

Electrode

Servo system.

Electrode
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.

_tool

EDM - Equipment
Dielectric reservoir, |
pump & circulation
system
Power generator &
control unit
Working tank with work
holding device
X-Y table
accommodating the
working table
Tool holder
Servo system to feed the
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Advantages of EDM

The major advantages of the process are:

Any materials that are electrically conductive can be machined by EDM.
Materials, regardless of their hardness, strength. toughness and microstructure can
be easily machined / cut by EDM process

The tool (electrode) and workpiece are free from cutting forces

Edge machining and sharp corners are possible in EDM process

The tool making is easier as it can be made from softer and easily formable

materials like copper. brass and graphite.

The process produces good surface finish. accuracy and repeatability.

Hardened work-pieces can also be machined since the deformation caused by it
does not affect the final dimensions.

EDM is a burr free process.
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I Limitations of EDM

Mateial removal aesae o, making heproess economial ey for very bard
and difficultto machine materals.

Rescast lyers nd micro<racks re iherent fetes o the EDM proess, ety
‘making the sufac qaltypoa.

‘The EDM process is not suitable for non-conductors.

Rapidelectode wear makes heproces mare cstly.

The sufaces produced by EDM genrally have a nat type appearance, requiing
further polishing to attaina glossy fnish.
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Applications of EDM

Hardened steel dies. stamping tools, wire drawing and extrusion dies. header dies.
forging dies. intricate mould cavities and such parts are made by the EDM
process.

The process is widely used for machining of exotic materials that are used in
aerospace and automatic industries.

EDM being a non-contact type of machining process. it is very well suited for
making fragile parts which cannot take the stress of machining. The parts that fit
such profiles include washing machine agitators: electronic components, printer
parts and difficult to machine features such as the honeycomb shapes.

Deep cavities, slots and ribs can be easily made by EDM as the cutting forces are
less and longer electrodes can be used to make such collets. jet engine blade slots.
mould cooling slots etc.

Micro-EDM process can successfully produce micro-pins, micro-nozzles and

micro-cavities.
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Wire EDM

Dielectric

supply Wire

diameter
= | Spark gap

Awire travels along a prescribed path,
cutting the workpiece, with the discharge
sparks acting like cutting teeth.

ME 338: Manufacturing Processes Il
Instructor: Ramesh Singh; Notes: Profs.
Singh/Melkote/Colton
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Process of Material Removal in Wire-Cut EDM

In the WEDM process. the motion of wire is slow. It is fed in the programmed path and
material is cut/ removed from the workpiece accordingly. Electrically conductive
materials are cut by the WEDM process by the electro-thermal mechanisms. Material
removal takes place by a series of discrete discharges between the wire electrode and

‘workpiece in the presence of a di-electric fluid. The di-electric fluid gets ionized in

between the tool-electrode gap thereby creating a path for each discharge. The area

‘wherein discharge takes place gets heated to very high temperatures such that the surface

gets melted and removed. The cut particles (debris) get flushed away by the continuously

flowing dielectric fluid.
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EDM is a thermal erosion process whereby material is

melted and vaporized from an electrically conducive

workpiece immersed in a liquid dielectric with a series of

spark discharges between the tool electrode and the

workpiece created by a power supply.

The EDM system consists of a shaped tool or wire

electrode, and the part. The part is connected to a power

supply to create a potential difference between the

workpiece and the tool.

When the potential difference is sufficiently high, a

transient spark discharges through the fluid, removing a

very small amount of metal from the workpiece.

ELECTRO DISCHARGE MACHINING


Microsoft_Office_PowerPoint_Slide13.sldx














image2.png

e Edt View Document Took Window Help

g5 & @ +%

s |@ @ [ - [ 6 I -

Fig. 3.11.2 Laminated Sheets being cut by
wire-cut EDM Process

The Subsystems of Wire EDM

e Power supply.
o Dielectric system.
o Wire feeding system.

o Positioning system.

The power supply and di-electric system used in WEDM is very similar to that of the
conventional EDM. The main difference lies only in the type of dielectric used.

In wire cut EDM. a moving wire electrode is used to cut complex outlines and fine details
in the required workpiece. The wire is wound on a spool and is kept in constant tension.
The drive system continuously delivers the fresh wire on-to the work area. New wire is

continuously exposed to the workpiece hence the wear of the wire (tool) is not the major

issue in WEDM process. The wire feeding system consists of a large spool of wire and

>








The Subsystems of Wire EDM

o Powersuppy

o Dickstic
o Wi feeding systen.

o Posiioning syten.
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PROCESS PARAMETERS IN WEDM
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system to thread the wire from the upper to the lower guide and a sensor to detect when

the wire runs out or breaks.
Process Parameters in WEDM

The process parameters that can affect the quality of machining or cutting or drilling in
WEDM process are shown through an Ishikawa cause-effect diagram as shown in

fig.3.11.3. The major parameters are as follows:

Electrical parameters: Peak current, pulse on time, pulse off time and supply

voltage and polarity.

Non-electrical parameters: Wire speed: work feed rate, machining time. gain and

rate of flushing.
Electrode based parameters: Material and size of the wire.

Dielectric System: Type. viscosity. and other flow characteristics

Electrical
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B o Electrode based parameters: Material and size of the wire.

o Dielectric System: Type. viscosity. and other flow characteristics

Electrical Dielectric

Peak current

Pulse off time Flow properties

Performance
characteristics
of EDM

Gain

Non-electrical Electrode

Fig. 3.11.3 Ishikawa Cause and effect Diagram for EDM
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Applications of Wire-Cut EDM

For cutting aluminium, brass, copper, carbides, 

graphite, steels and titanium. 

Aerospace, Medical, Electronics and Semiconductor 

applications

Tool & Die making industries.

For cutting the hard Extrusion Dies

In making Fixtures, Gauges & Cams
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Applications of Wire-Cut EDM



For cutting aluminium, brass, copper, carbides, graphite, steels and titanium. 



Aerospace, Medical, Electronics and Semiconductor applications



Tool & Die making industries.



 For cutting the hard Extrusion Dies



 In making Fixtures, Gauges & Cams

 















| Applicatcns o Wire Cut EDM

For cutting luminium, brass,copper,casbides,
graphite,sesi and tinium.

Asrospace, Medical,Elctronicsand Semiconductar
applcations

Tool & Die malingincustres.
For cutting the hard Extruson Diss

Inmaking Fixtures, Gauges & Cams
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Cutting of Gears, Strippers, Punches and Dies

Manufacturing hard Electrodes.

Manufacturing micro-tooling for Micro-EDM,

Micro-USM and such other micromachining 

applications
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Cutting of Gears, Strippers, Punches and Dies



Manufacturing hard Electrodes.



Manufacturing micro-tooling for Micro-EDM,



Micro-USM and such other micromachining 

applications















CottingofGear,Stippers, Punches nd Dies
Mamufscturing hard Elecrodes.
Mamufscturing micro tooling for Micro-EDM,

Micro-USM and such other micromachining
applcations
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EDM is a thermal erosion process whereby material is melted and vaporized from an electrically conducive workpiece immersed in a liquid dielectric with a series of spark discharges between the tool electrode and the workpiece created by a power supply.

The EDM system consists of a shaped tool or wire electrode, and the part. The part is connected to a power supply to create a potential difference between the workpiece and the tool.

When the potential difference is sufficiently high, a transient spark discharges through the fluid, removing a very small amount of metal from the workpiece.  

ELECTRO DISCHARGE MACHINING
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‘Working Principle of Electric Discharge Machining Moter Machning
Electric discharge machining process i carried out in presence of delectric fluid
which creates path for ischarge. When pofeatial difference i created across the
two surfaces of die electric luid, it ges fonized. An electric spark/discharge is
‘generated across the fwo terminals. The potential difference is developed by a
‘pulsating direct current power supply connected across fhe fwo terminals. One of
e terminal i positive terminal given to workpicce and tool is made negative
terminal. Two third of the total heat generated is generated at posiive terminal so
workpiece is generally given positive polarity. The discharge develops a the
location where fwo terminals are very close. So tool kelps in focusing the
discharge or intensity of generated heat at the poiat of mefal removal

Application of focused heat raise the temperafure of workpiece locally at a point
this way two metal is melted and evaporated.

Electric Discharge Machining Process Details

‘The working principle and process of EDM is explained with the help of line
diagram in Figue 5.1. The process details and components are explained below
serially.

Rak Pen
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o
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Mot remoning process

Figore 1  Line Dingram Indicating Working Principle sad Proces Detsil:of EDM
‘Base and Containar

A container of non-conducting, transparent material is used for carrying out
EDM. The container is filled with dielectric solution. A base to keep
workpiece is installed at the bottom of container. The base is made of
conducting material and given positive polarity

Tool s given negative polarity. It is made of electrically conducting
‘material line brass, copper or fungeten. The tool material selected should be
easy to machine, high wear resistant. Tool is made slightly under size for
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When the potential difference between the electrode and

the workpiece is sufficiently high, the dielectric breaks down

and a transient spark discharges through the dielectric fluid,

removing small amount of material from the workpiece

surface.

Working principle of EDM

A high voltage is applied across the narrow gap between the

electrode and the workpiece.

This high voltage induces an electric field in the insulating

dielectric that is present in narrow gap between electrode

and workpiece.

This cause conducting particles suspended in the dielectric

to concentrate at the points of strongest electrical field.
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When the potential difference  between the electrode and the workpiece is sufficiently high, the dielectric breaks down and a transient spark discharges through the dielectric fluid, removing small amount of material from the workpiece surface.

Working principle of EDM

A high voltage is applied across the narrow gap between the electrode and the workpiece. 

This high voltage induces an electric field in the insulating dielectric that is present in narrow gap between electrode and workpiece. 

This cause conducting particles suspended in the dielectric to concentrate at the points of strongest electrical field. 
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