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Abstract— Wire-cut electrical discharge machining (WEDM) 

is a popular choice for machining hard and difficult to 

machine materials with very close tolerances. However, the 

widely held assumption of the high accuracy of WEDM needs 

to be investigated, which is the primary aim of this research. 

This paper presents the experimental and analytical results of 

an investigation into the dimensional accuracy achievable in 

WEDM. Three techniques—traditional analysis, the Taguchi 

method, and Pareto ANOVA analysis—are employed to 

determine the effects of six major controllable machining 

parameters: the discharge current, pulse duration, pulse gap 

frequency, wire speed, wire tension, and dielectric flow rate 

on three key dimensional accuracy characteristics of the 

prismatic component parts—linear dimensional errors, 

flatness errors, and perpendicularity errors of corner surfaces. 

Subsequently, the input parameters are optimized in order to 

maximize the dimensional accuracy characteristics. 

Key words: Wire-Cut Electrical Discharge Machining, 

Dimensional Accuracy, Pareto ANOVA Analysis, Taguchi 

Methods 

I. INTRODUCTION 

WEDM is based on Electrical Discharge Machining Process, 

which is also called electro-erosion machining process. When 

the gap voltage is sufficiently large (i.e. reaches the 

breakdown voltage of dielectric fluid), high power spark is 

produced, which increase the temperature about 10,000 

degrees Celsius. By this way the metal is removed from the 

work piece. As the spark jumps across the gap, material is 

removed from both the workpiece and the electrode. To stop 

the sparking process from shorting out, a non-conductive 

fluid or dielectric is also applied. The waste material is 

removed by the dielectric, and the process continues. In wire 

EDM machining, a thin single-strand metal wire, usually 

brass, is fed through the workpiece. Fig. 1A and fig. 1B shows 

the cutting process of a workpiece by a single stranded thin 

wire. The wire, which is constantly fed from a spool, is held 

between upper and lower guides. The guides move in the X 

Y plane, and sometimes the upper guide can also move 

independently giving rise to transitioning shapes (circle on 

the bottom square at the top). This gives the Wire EDM the 

ability to be programmed to cut very intricate and delicate 

shapes. The wire-cut uses water as its dielectric with the 

water's resistivity and other electrical properties carefully 

controlled by filters and de ionizer units. Pure water is an 

insulator, but tap water usually contains minerals that cause 

the water to be too conductive for WEDM, The deionized 

water cools and flushes away the small particles from the gap. 

 
Fig. 1(a): Wire travel showing sparks during cutting[18] 

 
Fig. 1(b): Single stranded wire in w/p[18] 

Generally, WEDM is perceived to be an extremely 

actuate process and there are various reasons for this 

perception. Firstly, in WEDM, no direct contact takes place 

between the cutting tool (electrode) and the workpiece; as a 

result, the adverse effects—mechanical stresses, chatter, and 

vibration—normally present in traditional machining are 

eliminated. Secondly, the wire used as a cutting tool has high 

mechanical properties and small diameters (0.076 to 0.30 

mm, which is believed to produce very fine, precise, and 

clean cuts. Finally, in WEDM, the movements of the 

workpiece during cutting are controlled by a highly accurate 

computer numerical controlled (CNC) system (with 

positioning accuracy up to 0.5 mm as a result, the effects of 

positioning errors present in conventional machining are 

significantly diminished. However, this perception of the 

high accuracy of WEDM needs to be investigated, which the 

primary objective of this project. 

A. Nimonic Alloys and their uses 

Nimonic alloys are used extensively used for the 

manufacturing of aeroengine components because of its high 

specific strength (strength to weight ratio), which is 

maintained at higher temperature. These are having 

exceptional resistance to corrosion. About 50wt% of material 

used in aeroengine are nimonic super alloys Fig.1C shows the 

various applications of nimonic alloys. 

 
Fig. 1(c): Nimonic alloys consumption 

II. LITERATURE SURVEY 

Ramakrishnan R., Karunamoorthy L [2] gives the journal on 

Influence of machining parameters on surface roughness in 

finish cut of WEDM, according to them Surface roughness is 

significant to the finish cut of wire electrical discharge 

machining (WEDM). This paper describes the influence of 

the machining parameters (including pulse duration, 

discharge current, sustained pulse time, pulse interval time, 
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polarity effect, material and dielectric) on surface roughness 

in the finish cut of WEDM. Experiments proved that the 

surface roughness can be improved by decreasing both pulse 

duration and discharge current. When the pulse energy per 

discharge is constant, short pulses and long pulses will result 

in the same surface roughness but dissimilar surface 

morphology and different material removal rates. The 

removal rate when a short pulse duration is used is much 

higher than when the pulse duration is long. 

M.J. Haddad and A. Fadaei Tehrani[3], made 

material removal rate (MRR) study in the cylindrical wire 

electrical discharge turning (CWEDT) process- As using wire 

EDM (WEDM) technology, complicated cuts can made 

through difficult to machine electrically conductive 

components, the cylindrical wire electrical discharge turning 

(CWEDT) process was developed to generate precise 

cylindrical forms on complicate, hard and difficult to machine 

materials. The hardness and strength of the work material are 

no longer the dominating factors that affect the tool wear and 

hinder the machining process. The right selection of 

machining conditions is the most important aspect to take into 

consideration in process related to the WEDM operations. 

This paper presented an investigation on the effects of 

machining parameters on material removal rate (MRR) in 

cylindrical wire electrical discharge turning (CWEDT) 

process. In this research, CWEDT of AISI D3 (DIN 

X210Cr12) tool steel was studied by using of statistical 

design of experiment (DOE) method. 

Mohammadi, Tehrani, Emanian[4]- Statistical 

analysis of wire electrical discharge turning on material 

removal rate was made. The application of wire electrical 

discharge machining (WEDM) for machining of precise 

cylindrical forms on hard and difficult-to-machine materials 

is presented. At first, the design of a precise, flexible and 

corrosion-resistant rotary spindle submerged is introduced. 

The spindle has been mounted on a five-axis wire EDM 

machine to rotate the workpiece in order to generate free form 

cylindrical geometries. The material removal rate (MRR) is 

an important indicator of the efficiency and cost-effectiveness 

of the process. Several experiments are conducted to consider 

effects of power, time-off, voltage, servo, wire speed, wire 

tension, and rotational speed (factors) on the MRR 

(response). 

Tian[5] process monitoring and control of micro 

wire EDM process by developing a new pulse discrimination 

& control system. This system functions by identifying 4 

major gap states classified as open circuit, normal spark, arc 

discharge, and short circuit by observing the characteristics 

of gap voltage waveforms. The influence of pulse interval, 

machining feed rate, and workpiece thickness on the normal 

ratio, arc ratio & short ratio. It could be concluded from the 

experiment that a longer pulse interval would result in 

increase of short ratio at constant machining feed rate. A high 

machining federate as well as increase of work piece height 

results in increase of short ratio. 

Radzi[6] The cutting of Tungsten Carbide ceramic 

using electro-discharge machining (EDM) with a graphite 

electrode by using Taguchi methodology has been reported. 

The Taguchi method is used to formulate the experimental 

layout, to analyze the effect of each parameter on the 

machining characteristics, and to predict the optimal choice 

for each EDM parameter such as peak current, voltage, pulse 

duration and interval time. It is found that these parameters 

have a significant influence on machining characteristic such 

as metal removal rate (MRR), electrode wear rate (EWR) and 

surface roughness (SR). The analysis of the Taguchi method 

reveals that, in general the peak current significantly affects 

the EWR and SR, while, the pulse duration mainly affects the 

MRR. This paper has discussed the feasibility of machining 

Tungsten Carbide ceramics by EDM with a graphite 

electrode. Based on the results, we can conclude that, the peak 

current of EDM mainly affects the EWR and SR. The pulse 

duration largely affects the MRR. 

Islam, Rafai and Subramanian[9], This paper 

presents the experimental and analytical results of an 

investigation into the dimensional accuracy achievable in 

WEDM. Three techniques traditional analysis, the Taguchi 

method, and Pareto ANOVA analysis are employed to 

determine the effects of six major controllable machining 

parameters ie. The discharge current, pulse duration, pulse 

gap frequency, wire speed, wire tension, and dielectric flow 

rate. The three key dimensional accuracy characteristics of 

the prismatic component parts are linear dimensional errors, 

flatness errors, and perpendicularity errors of corner surfaces. 

Daneshmand, Kahrizi & Ghahi[10] Considering the 

importance of titanium alloys in aerospace, automobile and 

medical industries, the impact of electrical discharge 

machining (EDM) on smart NiTi60 alloy has been reviewed 

in this research. In view of the high competition that exists 

among various industries to lower the time, cost of 

production, and improve the quality, the parameters of 

material removal rate (MRR) and tool wear rate (TWR) are 

highly significant. In this research, the impact of process 

input parameters such as pulse on time, pulse off time, 

discharge current (A) and gap voltage (V) on output 

parameters such as tool wear rate, material removal rate and 

surface roughness (SR) has been investigated. For 

determining the better parametric settings, lot of work has 

been done in the engineering design. The WEDM processes 

are having several performance characteristics like Metal 

Removal Rate, Surface roughness, Kerf width; Dimensional 

error etc. The optimal parametric settings with respect to 

different performance characteristics are different. 

Kumar, Bhushan and Gupta[12] study reveals about 

various features of WEDM and improvement from the past to 

recent improvements in manufacturing processes. His paper 

also give details about a better understanding and basic 

overview of the fundamentals, features and practical uses of 

WEDM. 

Marigoudar, Kanakuppi and Sadashivappa[13] have 

published their work on behavior of zinc-aluminum alloy 

reinforced with silicon carbide particles when machined with 

wire electric discharge machining process (WEDM). The 

difficulty faced by conventional machining is severe tool 

damage while machining metal matrix composites. Electrical 

discharge machining can be successfully employed for 

machining MMC in the place of conventional machining to 

reduce the tool damage and to produce complicated contours 

with superior finish. In the present study ZA43 reinforced 

with SiCp is machined by wire EDM process. Machining is 

carried-out by varying applied current of (2, 4 and 6amp.), 

pulse on time (4, 8 and 16μs) and pulse off time (5, 7 and 9μs) 

while other parameters such as voltage, dielectric flushing 

pressure, wire tension etc. are maintained constant. It is 
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observed that reduction in the material removal rate and 

increase in surface roughness for increasing reinforcement 

percentage in the composite. It is also observed that applied 

current and pulse on time increases the material removal rate 

whereas pulse off time has less effect on it. 

Ali Akbar Lotfi Neyestanak and Saeed Daneshmand 

[14]- Paper explain optimization of wire electrical discharge 

machining (WEDM) process parameters using Taguchi 

method on NItinol-60, Wire electrical discharge machining 

(WEDM) is extensively used in machining of conductive 

materials when precision is of prime importance. Rough 

cutting operation in WEDM is treated as a challenging one 

because improvement of more than one machining 

performance measures viz. metal removal rate (MRR), 

surface finish (SF) and cutting width (kerf) are sought to 

obtain a precision work. The study demonstrated that the 

WEDM process parameters can be adjusted to achieve better 

metal removal rate, surface finish and cutting width 

simultaneously. 

S. V. Subrahmanyam, M. M. M. Sarcar [15] in this 

paper author applied the Taguchi’s method, which is one of 

the methods of robust design of experiments to optimize multi 

responses of the wire cut electric discharge machining 

operations. Experimentation was carried out using L16 

orthogonal array. Each experiment was conducted under 

different cutting conditions of pulse-on time, wire tension, 

delay time, wire feed, speed, and ignition current intensity to 

measure material removal rate, surface roughness, and wire 

wear ratio as the multi responses. It evaluate the better 

parameters to give maximum MRR. 

Anurag Joshi[16] this paper explain the effects of 

various process parameters of WEDM like peak current (IP), 

pulse on time (TON), wire feed (WF), pulse off time (TOFF) 

and wire tension (WT) have been investigated to reveal their 

impact on Ra of EN-8 steel workpiece and copper wire as tool 

using Taguchi's L-27(3*5) Orthogonal Array (OA) designs. 

The analysis was made using the popular software MINITAB 

16. Result represent there is increase in the MRR and surface 

roughness by optimizing the process parameters. 

III. PROBLEM IDENTIFICATION AND OBJECTIVES 

From the research papers in this classification, it is observed 

that there have been numerous papers reported on various 

aspects of WEDM, such as metal removal rate, surface finish, 

and process modeling. However, there has been less interest 

in the dimensional accuracy achievable by this process. 

To make continuous improvement in the current 

WEDM process to increase their productivity and efficiency. 

Manufacturing advances in WEDM have directly contributed 

to increased cutting speed and dimensional accuracy. 

IV. OBJECTIVE 

1) The main objective of this project is to investigate the 

dimensional accuracy characteristics achievable of 

typical component parts produced by the WEDM 

process. 

2) To study the effect of process parameters of WEDM like 

peak discharge current, pulse duration, pulse gap 

frequency, wire speed, wire tension, and dielectric flow 

rate have been investigated to reveal (i) linear 

dimensional error, (ii) the flatness of the surfaces 

produced, and (iii) the perpendicularity error of the 

corners. 

3) To find feasibility of machining Nimonic-90 using U-

shaped tubular copper electrode and internal flushing. 

V. METHODOLOGY 

This project work includes 

1) Topic selection 

2) Literature survey 

3) Problem identification 

4) Material selection 

5) Machine availability 

6) Design and conduct of main experiment. 

7) Measurement of Material Removal Rate. 

8) Measurement of surface roughness. 

9) Measurement of residual stresses. 

10) Optimization. 

11) Result Analysis and Discussion. 

VI. WORK DONE 

A. Material Selection 

Nimonic-90, a nickel based super-alloy having 60% Ni, 

19.3% Cr, 15% Co, 3.1% Ti, 1.4% Al, was taken as a work 

material in the form of a rectangular sheet of 22.5 mm 

thickness. The density and melting point of Nimonic-90 was 

measured as 8.18 g/cm3
 

and 13700C Cutting speed was 

measured as machinability attribute for Nimonic-90, which 

was observed directly from monitor screen of the machine 

tool.  

Material Percentage (%) 

Ni 54 

Cr 18-21 

Co 15-21 

Ti 2-3 

Al 1-2 

Table 1: Composition of Nimonic-90 

Hardness (Rockwell) 32 RH 

Density 8.18 gm/cm3 

Modulus of Elasticity 213 G  pa 

Yield Stress 270 N/mm2 

Specific heat 465 J/Kg °C 

Thermal Conductivity 79.7 W/m °C 

Melting point 1370 °C ie. 2500°F 

Table 2: Physical properties of Nimonic-90 

1) Parameters that are constant 

 Work piece: Nimonic-90 

 Electrode (tool): 0.25mm Ø 

 Work piece height: 12mm 

 Cutting length: 78 mm 

 Dielectric Conductivity: 20mho 

 Dielectric temperature: 20-240C 

B. Machine Availability 

Experiments were performed on Electronica Sprintcut CNC 

wire electrical discharge machine, (as shown in fig. 1) to 

study the material removal rate and cutting speed, affected by 

machining process variable at different setting of Pulse on-

time (Ton), Pulse off-time (Toff), spark gap set voltage (SV) 

and peak current (IP). Brass wire electrode of diameter 

0.25mm (900N/mm2 tensile strength) was used for 
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performing the experiments. The experiments were 

conducted by taking ‘one factor at a time’ approach. Stop 

watch will be used to calculate the time taken for each 

experiment. Cutting speed was taken as the ratio of length 

(mm) of wire travel to the total time taken (in minutes). MRR 

(mm2 / minute) was calculated by multiplying cutting speed 

(mm/minute) to the height (mm) of the workpiece. 

 
Fig. 2: CNC WEDM Sprintcut model 

In present machine tool, parameters can be varied 

under following range; discharge current (Ip), 10-230 amp; 

pulse on time (Ton) ,101-131 μs; pulse off time (Toff) ,10-63 

μs ; servo voltage (SV), 0-90 V; dielectric flow rate (DFR) , 

0-12 liter per minute ; wire feed rate(WF) ,1-15 m/min; wire 

tension (WT) ,1-15 N. Copper coated brass wire of diameter 

0.25mm was used as an electrode because of its good 

capability to sustain high discharge energy. Distilled water 

was used as a dielectric fluid with conductivity 20 S. 

The precision measurements were taken by a 

Discovery Model D-8 coordinate measuring machine 

(CMM), manufactured by Sheffield, UK. The linear size of 

the test parts was calculated using the standard built-in 

software package of the CMM. For each length feature, 14 

measurements were taken at a 1 mm height step. The 

difference between the measured size and the designed size is 

the linear dimensional error, thus, a positive error indicates 

over sizing of a feature. A large number of points, 5×14 on 

the long faces and 3×14 on the short faces, respectively, were 

measured to determine the flatness error and to monitor the 

surface profile at different cross-sections. Additional 

measurements were taken at three different heights to 

determine the perpendicularity error of each corner angle. A 

positive perpendicularity error indicates that the corner angle 

is larger than 90º. 

C. Important parameters of EDM 

 Spark On-time (pulse time or Ton): The duration of time 

(μs) the current is allowed to flow per cycle. Material 

removal is directly proportional to the amount of energy 

applied during this on-time. This energy is really 

controlled by the peak current and the length of the on-

time. 

 Spark Off-time (pause time or Toff): The duration of 

time (μs) between the sparks (ie. on-time). This time 

allows the molten material to solidify and to be wash out 

of the arc gap. This parameter is to affect the speed and 

the stability of the cut. Thus, if the off-time is too short, 

it will cause sparks to be unstable. 

 Arc gap (or gap): The Arc gap is distance between the 

electrode and workpiece during the process of EDM. It 

may be called as spark gap. Spark gap can be maintained 

by servo system (fig no.-1). 

 Discharge current (current Ip): Current is measured in 

amp Allowed to per cycle. Discharge current is directly 

proportional to the Material removal rate. 

 Voltage (V): It is a potential that can be measure by volt 

it is also effect to the material removal rate and allowed 

to per cycle. 

 pulse duration 

 wire speed 

 wire tension 

 Dielectric flow rate 

D. Design and Conduct of Main Experiment 

The machining process in the EDM depends on various 

parameters. These parameters are divided into two groups of 

input and output parameters. To optimize the output 

parameters, the on-line parameters can be controlled or 

changed. The experiment is been done by optimizing the 

response parameters and to find resultant effect on output 

parameters. The table 3 & 4 is given the input and output 

parameters respectively. In this research, the Taguchi’s 

design of experiment method has been used as one of the 

strongest methods of design and analysis. To optimize the 

number of experiments and to generalize the results to all the 

levels under investigation, the orthogonal array of L18 has 

been used. There are 3 levels and 6 factors in this research. 

The levels and values have been shown in Table 4. 

As per the design catalogue prepared by Taguchi, L18 

Orthogonal Array design of experiment will be suitable in the 

present work. According to L18 Orthogonal Array (OA) 

experimental design which consists of 18 combinations of 6 

process parameters. It considers 6 process parameters to be 

varied in 3 discrete levels. 

1) Input parameters 

Sr. No. Parameters Symbol Unit 

1. Discharge Current A Ampere 

2. Pulse gap frequency B KHz 

3. Wire speed C m/min 

4. Dielectric fluid flow rate D MPa 

Table 3: Response Parameters of WEDM 

2) Factors and their levels in WEDM Process 

Parameters 
Process 

Designation 

Level 

1 

Level 

2 

Level 

3 

Discharge 

Current 
A 16 20 24 

Pulse gap 

frequency 
B 40 50 60 

Wire speed C 4 6 8 

Dielectric fluid 

flow rate 
D 0.14 0.20 0.26 

Table 4: Levels of experiment 

E. Measurement of Linear Dimensional Error 

It is noted that in all cases, the measured mean linear 

dimension size is less than the designed size. This indicates 

that the test parts have been overcut. Overcutting is a common 

problem in WEDM. The main reason behind this is that 

during WEDM operation, the size of the cavity created in the 

workpiece is larger than the wire diameter. The exact size of 
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the overcut is difficult to predict, but it is known to be 

proportional to the discharge current. 

F. Measurement of Flatness Errors 

For prismatic components, a flatness error is another 

important quality characteristic, which is geometric in nature. 

It is particularly important for parts where mating takes place 

across a surface area in an air-tight or liquid-tight manner. 

The flatness tolerances are also applied on all principle datum 

surfaces to ensure the integrity of measurement. Flatness is 

the condition of a surface having all elements in one plane 

[17]. A flatness error specifies a zone defined by two parallel 

planes between which the entire surface must lie. 

G. Measurement of Perpendicularity Errors 

The perpendicularity of the surfaces at each corner of the test 

part was checked. For prismatic components, a 

perpendicularity error of the surfaces is another important 

dimensional accuracy characteristic, which is also geometric 

in nature. 

VII. CONCLUSIONS 

The paper summarizes the research work conducted on 

machining of Nimonic 90 as work material using Wire EDM 

process. From the research work, following conclusions have 

been drawn: 

 Nimonic 90 alloy is fairly machinable using wire EDM 

process. 

 The dimensional accuracy achievable in wire-cut 

electrical discharge machining  is not as high as 

anticipated and its precision level is far less than CNC 

end  milling. 

 The problem of erosion of the corner shapes caused by 

the wire lag phenomenon remains; consequently requires 

more research and their practical applications. 

 Different input parameters are required to be kept at 

different levels for optimizing each dimensional 

accuracy characteristic, which highlights the problem of 

simultaneously optimizing a number of dimensional 

accuracy characteristics.  
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