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Abstract

Wire electrical discharge machining (WEDM) is a hwat to cut conductive materials with a thin
electrode that follows a programmed path. The mldet is a thin wire. Typical diameters range
from .004" - .012" (.10mm - .30mm) although smad#ed larger diameters are availabMEDM is

a thermal machining process capable of accuratedghming parts with varying hardness or
complex shapes. WEDM process is based on electdisgharge machining (EDM) sparking
phenomenon, utilizing the widely accepted non-cont@chnique of material removal. The
hardness of the work piece material has no dettiahezifect on the cutting speed. There is no
physical contact between the wire and the partgoemachined. Rather, the wire is charged to a
voltage very rapidly. This wire is surrounded byotézed water. When the voltage reaches the
correct level, a spark jumps the gap and melts allgoortion of the work piece. The deionized
water cools and flushes away the small particlesifthe gap. This paper addresses the concept of
WEDM and its parameters and development of anliopgak knowledge based system (IKBS) for
WEDM in computer based concurrent engineering enwrent. The system links with a feature
based CAD system in order to extract design dake 3ystem is linked with databases. The
machining cycle time, cost, material removal raaed surface roughness of hole making are
estimated for each selected design feature. Theemsyprovides useful information for product
designers and manufacturing engineers and alssesdmanufacturing engineers to select optimum
machining parameters.
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1. Introduction
Wire-electrical discharge machining (WEDM) is anpiontant non-traditional machining process,

widely used in the aerospace and automotive ingy&ft The material removal mechanism of
WEDM is very similar to the conventional EDM. WEDMas first introduced in the late 1960s.
The development of the process was the result efisg a technique to replace the machined
electrode used in EDM. In 1974, D. H. Dulebohn &guplthe optical-line follower system to
automatically control the shape of the componertigonachined by the WEDM process [2]. The
CNC machine can independently move four machines &x generate taper cuts. A stamping die
can be machined with 1/4 degree taper or a moltl wite degree taper in some areas and two
degrees in another with precision. Extrusion dess lze cut with the taper constantly changing. For
example, a detailed shape on the top of the wogkepran transition to a simple circle on the
bottom. WEDM can be accurate to +/-.0001". Virtyatlo burrs are generated. Since no cutting
forces are present, WEDM is ideal for delicate gaxo tooling is required so delivery times are
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short. Pieces up to 16" thick can be machined. S'antl parts are machined after heat treatment, so
dimensional accuracy is held and not affected lat treat distortion. WEDM is a machine that is
more accurate, precise and less costly to opeidte. Wire EDM ranges features rigid linear
motors; rigid linear motors maximize cutting perfance and give the part accuracy that is needed
to be the any of the competition. The WEDM prodeas the ability to machine precise, complex
and irregular shapes. Furthermore, the high degfesccuracy and the fine surface finish make
WEDM valuable. Recently, WEDM is being used to maeha wide variety of parts from metals,
alloys, sintered materials, cemented carbidesnuesaand silicon [3- 6]. The selection of cutting
parameters for obtaining higher cutting efficieraryaccuracy in WEDM is still not fully solved,
even with the most up-to-date CNC WEDM machine.sTisi mainly due to the nature of the
complicated stochastic process mechanisms in WEDID]. As a result, the relationships between
the cutting parameters and the process performarecéard to model accurately. In addition, the
WEDM process is able to machine exotic and compkt. WEDM is a unique adaptation of the
EDM process, which is a continuously travelling evielectrode made of thin copper, brass or
tungsten of diameter 0.05-0.3 mm. The wire is kaptension, using a mechanical tensioning
device, reducing the tendency of producing inadeuparts. In WEDM process, the material is
eroded ahead of the wire and there is no dirediacbbetween wire and the work piece. In WEDM,
material is eroded from the work piece by a sevfadiscrete sparks occurring between the wire and
the work piece separated by a stream of dielefitnid [11, 12]. The WEDM process makes use of
electrical energy, generating a channel of plasetavden the cathode and anode[13], and turns it
into thermal energy [14] at a temperature as hgg@G000 C [15] initializing a substantial amount
of heating and melting of work piece material oe surface of each pole. Thin wire is used
continuously feeding through the work piece by aroprocessor, which enables parts of complex
shapes to be machined with high accuracy. The laseto make several machining passes along
the profile to be machined to attain the requir@theshsional accuracy and surface finish (SF)
guality. When the pulsating direct current powepy occurring between 20,000 and 30,000 Hz
[16] is turned off, the plasma channel breaks dowhis causes a sudden reduction in the
temperature, allowing the circulating dielectriaidl to implore the plasma channel and flush the
molten particles from the pole surfaces in the fafrmicroscopic debris. A varying degree of taper
ranging from 15 for a 100 mm thick to 30 for a 4@é thick work piece can also be obtained on
the cut surface. The microprocessor also constandintains the gap between the wire and the
work piece, which varies from 0.025 to 0.05 mm [1F¢asibility of conducting dry WEDM is
tested to improve the accuracy of the finishing rapens, which were conducted in a gas
atmosphere without using dielectric fluid [18]. Thgical WEDM cutting rates (CRs) are 300
mm?min for a 50 mm thick D2 tool steel and 750 Amin for a 150 mm thick aluminum [11], and
SF quality is as fine as 0.04-0.2Ra. In addition, WEDM uses deionised water instead
hydrocarbon oil as the dielectric fluid and congaitnwithin the sparking zone. The deionised water
is not suitable for conventional EDM as it causasid electrode wear, but its low viscosity and
rapid cooling rate make it ideal for WEDM [19]. Mauws researches in WEDM can be divided into
two major areas namely WEDM process optimizatigetber with WEDM process monitoring and
control. Different factors are affecting the WEDMopess and seeking the different ways of
obtaining the optimal machining condition and parfance. Ultrasonic vibration is used to apply to
the wire electrode to improve the SF quality togethith the CR and to reduce the residual stress
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on the machined surface [20]. A rotary axis is aslded to WEDM to achieve higher material
removal rate (MRR) and to enable the generatiorire#-form cylindrical geometries [21].The
effects of the various process parameters suclarhsqiational speed, wire feed rate and pulse on-
time on the surface integrity and roundness ofpttoeluced part have been investigated in the same
feasibility study [22].

2. WEDM operation and parameters
Wire electrical discharge machining (Wire-EDM) is@n-traditional material removal process used

to manufacture components with intricate shapes rudiles. It is considered as a unique
adaptation of the conventional EDM process, whisksuan electrode to initialize the sparking
process. However, Wire-EDM utilizes a continuousayelling wire electrode made of thin copper,
brass or tungsten of diameter 0.05-0.3 mm, whiatapable of achieving very small corner radii.
The wire is kept in tension, using a mechanicakitaning device, reducing the tendency of
producing inaccurate parts. During the Wire-EDMaass, the material is eroded ahead of the wire
and there is no direct contact between the workepend the wire, eliminating the mechanical
stresses during machining. In addition, the WireMEpProcess is able to machine exotic and high
strength and temperature resistive (HSTR) materzadd eliminate the geometrical changes
occurring in the machining of heat-treated steéMire-EDM was first introduced to the
manufacturing industry in the late 1960s. The dgwalent of the process was the result of seeking
a technique to replace the machined electrode usé&DM. In 1974, the optical-line follower
system automatically controls the shape of the asmapt to be machined by the Wire-EDM
process. After that popularity had rapidly increhsine process and its capabilities were better
understood by the industry. Figurel shows diagr&afWBDM, Figure 2 shows diagram of process
in WEDM and Figure 3 shows schematic diagram ofhdisge machining between wire and work
piece in WEDM.
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Figurel. Schematic diagram of WEDM
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Figure2. Schematic diagram of process in WEDM

Figure3. $hematic diagrarof discharge machining between wire and v piece
3. Parameter s effect on WEDM

3.1 Effects of the process parameters on the cutting rate
Many different types of proble-solving quality tools have been used to investighgesignifican

factors and its interelationships with the other variables in obtaineny optimalWEDM CR.
Konda et al. [23tlassified the various potential factorsecting the WEDM performance measu
into five major categories namely the different progertdi the workpiece material and dielectt
fluid, machine characteristics, adjustable maclymparameters, and component geometry. Tari
al. [24] employed aeural network system with the application of awdated annealing algorith
for solving the multiresponse optimization problem. It was found that tiachining paramete
such as the pulse on/off duration, peak currengnogircuit voltage, servo reence voltage,
electrical capacitance and table speed are theatrgarameters for the estimation of the CR
SF. Huang et al. [254rgued that several published wo[26, 27]are concerned mostly with tl
optimization of parameters for the roughirutting operations and proposed a practical stratd
process planning from roughing to finishing operasi. The experimental results showed thai
pulse ontime and the distance between the wire periphedytla@ worl piece surface affect the C
and & significantly. The effects of the discharge eyeng the CR and SF of a MMC have a
been investigated [28]. Tableshows parameters used in WEDM machi.
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3.2 Effects of the machining parameters on the material removal rate
The effects of the machining parameters on themettic MRR have also been considered as a

measure of the machining performance. Scott ¢2@].used a factorial design, requiring a number
of experiments to determine the most favorable doation of the WEDM parameter. They found
that the discharge current, pulse duration andepfrisquency are the significant control factors
affecting the MRR and SF, while the wire speedewansion and dielectric flow rate have the least
effect. Huang and Liao [29] presented the use @lyGelational and S/N ratio analysis, which also
displayed similar results demonstrating the infeeenf table feed and pulse on-time on the MRR.
An experimental study to determine the MRR and &Fvarying machining parameters has also
been conducted [30]. The results have been usédantiermal model to analyze the wire breakage
phenomena. Table 2 shows effect of process paresmatewire tool in WEDM. The main factors
contributing to the geometrical inaccuracy of th&BW part are the various process forces acting
on the wire, causing it to depart for the programrpath. These forces include the mechanical
forces produced by the pressure from the gas bsblidemed by the plasma of the erosion
mechanism. Axial forces are applied to straightenwire, the hydraulic forces are induced by the
flushing, the electro-static forces are acting lo@ Wwire and the electro-dynamic forces inherent to
the spark generation. As a result, the static defle in the form of a lag effect of the wire is
critically studied in order to produce an accumai#ing tool path. Table 2 shows effect of process
parameters in WEDM.

Table 2. Effect of process parameters in WEDM

Work piece material, dielectric fluid, Part
WEDM performance depends on geometry, machine characteristic, machine
adjustable parameters

Property of conductive work piece Material removal rate

Material
Dielectric Deionised water
Wire tool Wire diameter 0.025-0.05 mm
Wire material type Conductive mater|2It él?):rass, copper, tungsten

Material removal rate (MRR), accuracy and
surface roughness
Wire vibration Effect on static defection and getrp@ccuracy
Work piece material, Dielectric fluid, Machine
characteristic, Adjustment of machine

Wire tool performance Effect on
WEDM

Material removal rate (MRR) depend

n

on parameters, Component geometry
Cutting frequency 20000- 30000 Hz
Taper 15 degree for 100mm, 30 degree for 400mm
Surface roughness 0.04- 0.25 um R

Discharge current intensity, Pulse frequency,
Pulse duration

Machine (process) control following| Pulse duration, discharge frequency, Discharge
factors current density, cutting rate

Surface roughness depends on

3.3 Effects of the process parameters on the surface finish
There are also a number of published works thaghsadtudy the effects of the machining

parameters on the WEDMed surface. Gokler and Ozgnf#1] studied the selection of the most
suitable cutting and offset parameter combinatmget a desired surface roughness for a constant
wire speed and dielectric flushing pressure. Tosual. [32] investigated the effect of the pulse
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duration, open circuit voltage, wire speed andetitic flushing pressure on the WEDMed work
piece surface roughness. It was found that thee@sing pulse duration, open circuit voltage and
wire speed increase with the surface roughnessreabethe increasing dielectric fluid pressure
decreases the surface roughness. Anand [33] us@&dcaonal factorial experiment with an
orthogonal array layout to obtain the most des@gisbcess specification for improving the WEDM
dimensional accuracy and surface roughness. Sppdaid Wang [34] optimized the process
parameter settings by using artificial neural netwwmodeling to characterize the WEDMed work
piece surfaces, while Williams and Rajurkar [35¢g@nted the results of the current investigations
into the characteristics of WEDM generated surfadeble 3 shows effect of process parameters
on surface roughness and accuracy in WEDM.

Table 3. Effect of process parameters on surfagghmoess and accuracy in EDM

Fine surface roughness 0.04-0,26 Ra.
Temperature of spark energy 12000 - 20000 centigrad
Pulse frequency direct current 20000-30000 Hz

Increase wire tension Increase surface roughness
Increase pick current Increase surface roughness

Improve surface roughness and

Slow Cultting rate . .
dimensional accuracy

Increase wire tension Increase surface roughness
WEDM Fine Surface roughness 0.04- 0.25 um R
Increase material removal rate Increase peak durren
Improve dimensional accuracy by Slow Cutting Rate

slow CR, 5.5 mm/min for NdFeB and 0.17

Dimensional accuracy and SF quality mm/min for MnzZn ferrite

Discharge current intensity, Pulse frequency, Pulse
duration, Machine parameter, pulse duration, pulse Surface roughness
frequency, dielectric flow rate effects on
sparking frequency and the real-time regulation pf
the pulse off-time effects on

Material removal rate (MRR)

3.4 Wire parameters and control systemsin WEDM
The occurrence of wire breakage during WEDM is afethe most undesirable machining

characteristics greatly affecting the machininguaacy and performance together with the quality
of the part produced. Many attempts have been madegevelop an adaptive control system
providing an online identification of any abnornrabkchining condition and a control strategy
preventing the wire from breaking without comproimis the various WEDM performance
measures. A wide variety of the control strategeventing the wire from breaking are built on the
knowledge of the characteristics of wire breakdgaoshita et al. [36] observed the rapid rise in
pulse frequency of the gap voltage, which contirfoesibout 5-40 ms before the wire breaks. They
developed a monitoring and control system thatches off the pulse generator and servo system
preventing the wire from breaking but it affecte thhachining efficiency. Several researchers [37,
38] also suggested that the concentration of étattischarges at a certain point of the wire Whic
causes an increase in the localized temperatuesigting in the breakage of the wire. However,
the adaptive control system concentrating on theatien of the sparking location and the
reduction of the discharge energy was developedowitmaking any considerations to the MRR.
The breakage of the wire has also been linked ¢orige in the number of short-circuit pulses
lasting for more than 30 ms until the wire broké¢h& authors [39] argued that the wire breakage is
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correlated to the sudden increase in sparking éecu It was also found that their proposed
monitoring and control system based on the onlma@yais of the sparking frequency and the real-
time regulation of the pulse off-time affect the RRLiao et al. [40] remedied the problem by
relating the MRR to the machining parameters anthgusa new computer-aided pulse
discrimination system based on the pulse trainyaisato improve the machining speed. Whereas
Yan and Liao [41, 42] applied a self-learning fuzontrol strategy not only to control the sparking
frequency but also to maintain a high MRR by adijgsin real time the off-time pulse under a
constant feed-rate machining condition. The bregloh the wire is also due to the excessive
thermal load producing unwarranted heat on the wiextrode. Most of the thermal energy
generated during the WEDM process is transferrati¢onire while the rest is lost to the flushing
fluid or radiation [39]. However, when the instamtaus energy rate exceeds a certain limit
depending on the thermal properties of the wireenmt the wire will break. Several authors [43,
44] and [45] investigated the influence of the sas machining parameters on the thermal load of
the wire and developed a thermal model simulatiegWEDM process.

4. A knowledge based system for WEDM
A KBS for WEDM has been developed in a computeebdSE environment, the third version of an

expert system shell (NEXPERT), based on objecttat techniques (OOT). A Hewlett Packard
(HP) workstation was used in development of theeebgystem. A geometric specification of design
feature and material type of the work piece are s@nmanufacturability evaluation at the various
stages in its design. Within the manufacturabiliyocedure, the machining time and cost of
producing part are estimated. The labour and degi@t cost of WEDM for each selected design
feature specification are estimated. Also varioaimming parameters are estimated. The material
specifications are described in terms of its depildth and its melting point etc. The attributes of
different material types of wire-electrode matesjane type of dielectric solution, and differeypds
and sizes of WEDM machine are stored in working wmnor data-bases. The KBS can retrieve
information from working memory and advise the deer on the appropriate choice of material, for
wire-tool and material type of work piece, dieleciolution and machine capacity. The KBS also
contains information related to good practice ruteachine, process capabilities, and constraims. F
the present KBS, knowledge has been gathered fiterature and talking with expert and
experimental results on WEDM. For each selectedgdefeature undergoing evaluation for its
manufacturability by WEDM, the cost of the machayele is estimated from those costs for WEDM
machine tool depreciation, labour, and machinirgg.ddachine cycle time is also a key factor, which
depends for example on setting-up of wire in thehmee, loading and unloading of work-piece,
inspection of wire and component, their cleaningd aeneral maintenance. Assessment of the
manufacturability of a work piece material, usudittyn machining cycle time and cost, is established
automatically by the KBS. This KBS can advise amhoduction of each work piece material. From
this information, the process variables can becsalethat best balances between the required
qualities against efficiency of manufacturing.

5. Architectureof IKBS for WEDM
The IKBS contains expertise gathered from both expnt and general knowledge about WEDM
that can be provided to designers and manufactueimgineers. Architecture of wire-EDM is
including the following module:
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- Material (work piece) database: The material inmece) database contains three different material
types for work-piece which interactively are acqdiby the IKBS for WEDM. Each of which can
be produced by WEDM machine.

- Wire electrode-tool materials: Attributes of faifferent wire tool materials that can be accefited
the system are stored in the tool-material database

-Dielectric solution: Properties of one main di¢iecfluid, de ionizingwaters stored, from which the
expert system can deliver information on processlitions.

-WEDM machine characteristics: Information is caméa on 3 different machine types of WEDM
machines and their capital cost.

- Machining cycle time and cost module: The knowkedhase provides estimates of cycle time and
costs for each selected design feature based osetbeted material type for wire tool, dielectric,
and WEDM process conditions such as on-time, oféficurrent.

- Manufacturability: The manufacturability is assed by consideration of the work piece
specification, the Wire--EDM production rate, eiffiecy and its effectiveness of the machine used
in their production.

A flow chart of IKBS is presented in Figure 4 fravhich the following modules are noted.

6. Experiment verification
The IKBS system described above was compared wpkereamental WEDM machineResults are

presented in Table 1. These experiments have ksreed out in WEDM machine. Two different
types of environments are used to compare thetsestiexperimental and KBS system which are
demonstrated in Tablel and 2. Deionise water isl @sedielectric fluid. An attraction of the so
developed knowledge based system is its capatwlitffer to product designers and manufacturing
engineers, and to advice on machining cycle tirost, production rate, efficiency and effectiveness
of a particular WEDM operation for various machi@etical components of the WEDM process are
the wire and the dielectric water. Wire comes wesal materials and a range of diameters, with 0.1
or 0.3 mm most commonly used. The wire used fortrapplications is made of brass. For higher
performance, one might chooses a zinc-coated vareincreased speed and improved surface
finish. The zinc coating allows the wire to toleratigher heat and helps keep the spark more
consistent. Heat-diffused, annealed wire—brass amréched with zinc—can tolerate more heat in
the cut. To wire EDM a thick part, which would nggt much flushing water to the wire at the
center of the work piece, you would use a highfqvarance wire. It could withstand the heat,
maintain consistency throughout the cut and résestkage. Today’s EDM machines sense the wire
and cutting conditions and adjust the cutting spsezbrdingly. “Just changing the wire can give
you speed improvement, without making any otheustdjents”. In one application, for example,
brass wire made a cut in 10 hours, but diffusecealenl wire reduced that to seven hours, without
changing any settings. The process could be opinigy adjusting settings on the machine. The
improvement is very application dependent, “Somprovwe more, some less, but there’s always a
dramatic shift. Even 5 percent improvement can makerthwhile.” Any type of wire will cost
only a few dollars per hour, and a high-performawae can pay more than for itself in increased
production. Other types of EDM wire are availabde $pecific applications. Implantable medical
devices, for example, must not encounter coppemetybdenum wire is used. Break-resistant
steel-core brass wire is used for applications witlee wire is under high tension. Automatic wire
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threads into 0.25 mm diameter wire with 0.7 mm hdélggure 5 demonstrates automatic wire
threading of a 0.25 mm diameter wire brass into7andm hole.The product quality produced by
the WEDM is always affected by the process parammditee the pulse on time, pulse off time, peak
current, spark on time, arc off time, polarity,\&eroltage, no load voltage, duty factor, dielextri
feed rate override, wire feed rate, wire tensiod water pressure, etc. Table 4 lists the process
factors that are used in this experiment (i.e.,fghlse on time, pulse off time, spar voltage, wire
feed rate, wire tension, water pressure).

Table4. Experimental factors

Control factor unitgLs
Pulse on time 0.8s
Pulse off time 1Qis
Spark off time 1Qus
Spark on time s
Servo voltage 40V
Wire feed rate 8.0 m/min
Wire tension 1450 of
Water pressure 10 kg/ém

The water To get the best performance from a wire EDM maghihis necessary to maintain the
water’s cleanliness and correct conductivity. la DM process, some of the metal goes into the
water as small particles and some gets dissolvétkinvater. The water re circulates through a two-
part water treatment—a filter to remove particled a deionizing waters-in to remove metal atoms
from solution. Good maintenandeput, output, constraint and features library @adabases are
used by Knowledge based System is demonstrateidjime=4. The hardness of work piece material
was 35 HRC. The chemical composition of work pieaerial is shown in Table 1.

Design constraints

Design Feature library
- Cubic hole - Circular hole
Design data & Mechanism Star hole -Rectangular hole
Machinery&
Equipmerzt Knowledge based -
Information& —) System
L?Jcr:gr?l:)egs%urces - Wire-EDM database@
Organizational Stracture
Culture
-Dielectric data base S

Output of KBS

- WEDM Machining Time

- WEDM Machining Cost .
- Wire EDM cost -WEDM Machine Eﬂ

database
. Total WEDM cost -Machine parameters database

-Work piece material @
database

Figure4. Input, Output, constraint and databasékKB$S
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Practice includes periodically replacing the fileartridges and sending the deionizing resin out fo
generation. Figure 6 shows de ionizing water (laftyl filtration columns on an Ebbco accessory
filler system.Table 6 demonstrates comparison between experim@EDM and Intelligent
Knowledge based System for cubic and rectangular haking in carbon steel material by WEDM.
In Figure 5, schematic diagram@®5mm wire into a 0.7 mm hole is demonestrated.

Figure5. Schematic diagram @25mm wire into a 0.7 mm hole

Figure6. Process of de ionizing (left) and filtoatisystem (right)

Table5. Parameters used in WEDM machine
Any conductive material like Carbon Steel,
Aluminum, etc.

Work piece Material

Dielectric Deionised water
Wire tool diameters Wire diameter 0.025-0.3 mm
Wire-tool type of material Wire material Brass, pep, tungsten

from 15 for a 100 mm thickness 10 30 for a 400

Degree of taper ranging mm thickness on cut surface

Gap between wire and work piece 0.025--0.05 mm
WEDM Temperature of spark energy 12000 - 20000 centigrad
Pulse frequency direct current 20000-30000 Hz
Material removal rate 8 mitmin
Cutting rates(CRs) 300 nffmin for 50 mm thickness steel
Machine (process) control following Pulse duration, discharge frequency, Discharge
factors current density, cutting rate
Wire tool performance Effect on MRR

Effect on accuracy and surface roughness, static

Wire vibration :
defection and geometry accuracy

Experimental results and intelligent knowledge bastem results of WEDM are presented in Table 1.
The results of expert system for WEDM for the saitasign feature (cubic and rectangular hole) are
presented and compared with experimental one apcesented in table 1. The tool wire diameter is
0.25 mm and the depth of holes is 50mm. In prdctdBDM, estimates of machining time and cost,

cutting rate and material removal rate are timedateding on experienced personnel. In contrast, the
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knowledge-based system can provide these estimsiedly in less than one minute. For example, the
expert system result of a star hole, cubic holetaregular hole, hexagonal hole with different mater
type for work piece, dielectric ionised water andltwire for the same design feature specificatton
presented in Table 2. Designers of manufacturirgineers select work piece material from database
and design feature from feature library. Then waidce specification and design description for each
selected design feature are obtained interactivglthe IKBS. Machine parameters are selected from
database. Also wire tool and deionise water spatifin are selected from databases. The system
estimates of all necessary parameters includinghmag time and cost, material removal rate and
efficiency are estimated by the IKBS. The systeso adcommends optimum use of parameters. Table 6
shows comparison of experimental WEDM and IKBS WERI¥cubic and rectangular hole making in
carbon steel material. Table 7demonstrates IKB&sysesult for different design feature holes for
carbon steel material in WED.

7. Validity of the intelligent knowledge base system (IKBYS)
The intelligent knowledge base system (IKBS) for DWE described above was compared with

experimental one. Results are presented in Tallbese experiments have been carried out on WEDM
machine. Deionise water is used as dielectric fluid

Table6. Comparison of experimental WEDM and IKBSWEr cubic and rectangular hole in carbon steetemial
Dielectric fluid is deionized water. Wire type isalss with 0.25 mm Depth of cut is 50 mm

Design | Design | Feature Dielectric | Surface MRR WEDM | WEDM
feature feature | dimension | procedure tvoe roughness mrdmm machining | cost
shape type (mm) yp Ra (UmM) time (min) Uss
ReCtang W|dth 10, EXperimenta De|0n|sed 10 725 1200 80
ular hole | |ength 15 I water
i ; Experimenta ioni
Cubic width p | Deionised 10 795 96.0 6.4
hole 10mm water
Rectang | width 10, | Knowledge | Deionised 5 8 109.38 7.29
ular hole | length 15 | based systen) ~ water
Cubic width Knowledge | Deijonised 5
hole 10mm | based system  water 8 87.5 5.83

Brass wire is used as tool with 0.25 diameters.ler8bdemonstrated results of IKBS for different
types of hole making by WEDM. An attraction of the developed IKBS is its capability to offer to
product designers and manufacturing engineersiaadvice on machining cycle time, cost, MRR,
and surface roughness of a particular WEDM opardtio various machine. The result of the IKBS
is better than results of experimental one. Forngta experimental one show 120 minutes
machining time for rectangular hole, But IKBS esdtian is 109.30 min, which is improved and
optimised10 percent. Machining cost for rectangtlale is 8 US$, But IKBS estimation is 7.29
US$, which is approximately 10 percent less thapedrmental one. MRR in experimental one is
7.25mni/min But in IKBS is 8mnymin, which is improved approximately 11 percertieBurface

roughness in experimental one is 10 um but IKB8nedés 5 um similar results are obtained for
cubic hole making by WEDM. For improvement and woytation of WEDM performance,

designers and manufacturing engineers use advigB&f and optimize the WEDM performance.
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Table7. KBS system result of different design feadfor carbon steel material in WEDM

Design | Design | Dielectric | wire type | Feature | ~ | Moemm mV;/(I:Eh[i)rll\iAn WEDM
feature feature type 0.25 descriptions ar 3 ; 9| cost US
.25mm emnf/min /mm time
shape type (mm) (min) $
Q Circular | Deionised| g dia 10 mm 300 8 87.5 5.83
hole water
i ioni Edge 10
A Triangul | Deionised Brass g 300 3 65.6 437
ar hole water mm
Rectang _— .
ular D?,:/‘;:‘E'}Sred Brass | Width 10, 300 8 109.38 7.29
hole length 15
Cubic Deionised .
hole water Brass width 10mm 300 8 87.5 5.83
Star L .
* hole1o | PEONised| g oos | edge size 10 30 8 218.75 14.58
water mm
edge.
Hexago | Deionised
<:> nal hole water Brass edge 10 mm 300 8 131.25 13.12

8. Concluding remarks
The author has described concept of WEDM and itsarpaters and developed intelligent

knowledge base system (IKBS) for WEDM. The IKBStegs described above was compared with
experimental WEDM machin®esults are presented in Table 7. These experirhaatsbeen carried
out on WEDM machine. Deionised water is used akectigc fluid. Brass wire is used as tool with
0.25 diameters. Table 8 demonstrated results oIk different types of hole making by WEDM.
An attraction of the IKBS so developed is its caligbto offer to product designers and
manufacturing engineers, and to advice on machioyate time, cost, MRR, and surface roughness
of a particular WEDM operation for various machiféEDM is a well-established non-
conventional material removal process capable oétimg the diverse machining requirements
posed by the demanding metal cutting industriesa#t been commonly applied for the machining
and micro-machining of parts with intricate shajpesl varying hardness requiring high profile
accuracy and tight dimensional tolerances. How¢wvermain disadvantage of the process is the
relatively low machining speed, as compared toother non-traditional machining processes such
as the laser-cutting process, largely due to ierntlal machining technique. In addition, the
development of newer and more exotic materialschalenged the viability of the WEDM process
in the future manufacturing environment. Hence tiomous improvement needs to be made to the
current WEDM traits in order to extend the machinicapability and increase the machining
productivity and efficiency. The ultimate goal biet WEDM process is to achieve an accurate and
efficient machining operation without compromisitige machining performance. The number of
factors affecting the process has to be undersioantder to determine the trends of the process
variation. Material removal rate (MRR) depends be following factors: A single parameter
change will influence the process in a complex wegrk piece material, dielectric fluid, machine
characteristic, adjustment of machine parametersponent geometry, discharge current intensity,
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pulse frequency and pulse duration. The cutting @R, MRR and SF are usually known as the
measures of the process performance. Optimizatfotheo WEDM process will remain a key
research area matching the numerous process paramath the performance measures. Several
parameters in WEDM affect WEDM performance inclgdin

1. Material removal rate (MRR) depends on sparkiaguency and the real-time regulation of the
pulse off-time, and pick current.

2. Surface roughness depends on discharge cumaarisity, Pulse frequency, Pulse duration,
Machine parameter, pulse frequency, dielectric ftate.

3. Increase wire tension would increase surfacghmess.

4. Slow cutting rate improves surface roughnessdaménsional accuracy.

5. Wire vibration affects accuracy and surface hmass, static defection and geometry accuracy.

6. Selection of WEDM operating parameter is critiica operation of optimum cutting rate and
material removal rate, surface roughness and acgura

7. Metrical inaccuracy of the WEDM part is the wai$s process forces, acting on wire causing
depart for the programmed path.

8. Process forces acting on accuracy and surfacghness, and static defection and geometry
accuracy

9. Increase wire tension increases surface roughnes

10. Surface roughness depends on discharge cumemsity, Pulse frequency, Pulse duration,
Machine parameter, pulse frequency, and dielefttve rate.

11. Electro-static forces acting on the wire and &tectro-dynamic forces accuracy and surface
roughness, static effect and geometry accuracy

12. Static deflection in the form of a lag effeéttioe wire effects on produce an accurate cutting
tool path

13. Dynamic behavior of the wire during WEDM avoagting inaccuracies.

14. When the wire and the wire guides are completebmerged in the working tank filled with
deionised water, vibration of the wire is reduced.

15. Wire diameter affects cutting rate without daiag any settings.

16. Wire breakage depends on controlling rapid insgulse frequency of the gap voltage 5-40 ms
before the wire breaks. Using monitoring and cdrgystem switches off the pulse generator and
servo system preventing, pulse frequency of thevgitpge

17. Concentration of electrical discharges at gagepoint of the wire, which causes an increase in
the localized temperature

18. Excessive thermal load produces no warrantatidrethe wire electrode

19. WEDM is a non-thermal process, which does oelya conductive work piece and is preferable
for machining of conductive work pieces material.

20. It is possible to any kind of hole making withy type of conductive material without causing
geometrical inaccuracy and excessive surface iityedgmage.

21. No major fatigue problems were encountered witle high-speed steel tool, any
chipping/fracture generally being due to tool/hwlisalignment during fabrication.

22. WEDM hole making caused no deformation of tloekwpiece microstructure.

23. Increase gap would reduce discharge energy.
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24. Machine (process) control following factors

25. Increasing peak current, water pressure, arthima control.

26. The number of geometric tool motion compensati@thods affects sin creasing the machining
gap and prevents gauging or wire breakages.

27. Wire lag affects geometrical inaccuracy of \MEDM part.

28. Increase pick current would increase surfaoghiness and material removal rate.

29. Slow cutting rate improves surface roughnessdamensional accuracy.

30. Wire tool performance affects material remaoase.
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