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Abstract— This machining is most extensively used cutting 

operations. About 2% of industries are using EDM machine, 

so it is become prime concern to understand the process 

parameters and response parameters. It is a non-traditional 

material removing operation used to machine difficult to cut 

conductive matrials. The tool and workpiece don’t have a 

contact in this machining. EDM is employed to machine mix 

shapes and geometries with excessive accuracy. Optimization 

of EDM performance parameters multi response optimization 

is required. The research suggests that machining was 

improved when optimal machining input variables was used 

to machine the workpiece. The independent to machine 

process parameters i.e. Ton, Toff, Ip tool electrode materials, 

flushing pressure, EDM oil, voltage, tool electrode geometry 

etc have an influence on the response parametersi.e materials 

evacuation rate, tool life, surface finish, etc. In this project 

work Titanium alloy was used as work piece, and copper as 

electrode having dia. 10, 12, and 14 mm. The experimentation 

was performed using Taguchi L9orthogonal array and result 

obtained through experimentation was optimize using 

Taguchi S/N ratio.  After machining, when the outcomes are 

found, they have been selected and re- confirmation test done 

so that the optimal result can be obtained. 

Keywords: Electrical Discharge Machine (EDM) ; Supply 

Current; Flushing Pressure; Pulse-On Time; Pulse-Off Time; 
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I. INTRODUCTION 

This machining process is commonly known as spark 

machining, erosion, die sinking, wire burning etc. EDM 

machine works on thermo power principle that removes the 

material from melting and evaporation. Output power is 

applied to the entire area separating the work piece and the 

terminal size immersed in the dielectric area. Terminal and 

piece of work associated with an electrical circuit in the 

dielectric field. A much more modest term and the workplace 

is kept separate by a space called a streak opening. Electrical 

spark occurs when the voltage reached at working voltage 

value, and plasma channel cause temperature 10,000° K.  

 Transmission occurs discharging fluid from the 

dispersion operation without any real contact between the 

tool (anode) and the work piece (cathode) as shown in Fig.1-

2. Nuclear power from all dispersions disappears and loosens 

the small size of the material. As soon as the power supply is 

reduced, the deterioration of the transmission channel and the 

material is eroded. With the advent of rotation and continuous 

anode control, gadget test interactions occur. For each cardiac 

output, a small hole is made in the anode area and above the 

working surface. In fulfilment of the term heart rate, a 

decrease in electrical activity and a decrease in plasma 

channel and recovery of dielectric fracture occurs as shown 

in Fig. 1.2. The movement and release of the heart takes place 

at a pleasant distance away from the past to get a stable 

position during a small EDM, however, it causes excessive 

heat and fluctuations in the work environment. Since 

shortcomings in different contexts directly affect the 

unpredictable size of the opening medium during EDM, in 

that position, the corresponding model cannot be legitimately 

more formal than conventional EDM. Confirmation of large 

administrative limitations below the microstructure of the 

work piece, anode size and the effects of toxic effects on 

observant micromachining. 

 
Fig. 1: Working mechanism of Micro-electrical discharge 

machine 

 
Fig. 2: Discharges mechanism of EDM (a) Dielectric 

Breakdown, (b) Plasma-channel (c) Evaporation of metal, 

(d) Expansion plasma, (e) Collapse and debris emission of 

plasma channel and (f) De-ionization. 

1) EDM operation are divided in four unique components 

to apprehend the manner parameters is as: in first degree 

EDM arduous, for the duration of this cycle, small anode 

of different breadths is made both via and blind openings 

on the work piece like cooling openings in turbine sharp 

edges and diesel injectors.  

2) EDM coping with: During this cycle, small cathode 

conveyed 3-D little openings or melancholies and scaled 

down additives by means of following a manner 

technique as intending in standard coping with, as an 
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example, imbuement shapes, writing or redecorating 

gadgets.  

3) Die-sinking EDM: During this cycle, micro-electrodes of 

different sizes are used to make 3-d smaller than common 

features and little dejections. These smaller than typical 

features are the propagation or indistinguishable 

portrayal of little cathode in the work piece. Application: 

molds, die, avionics parts and enriching devices.  

4) W-EDM: A cord of broadness beneath 10 lb is used as a 

small cathode and reduce thru the tough fabric. Small W-

EDG is used to put together little length gadgets from 

enormous size gadgets. This thesis paintings is 

advancing an endeavour to check the diverse evaluation 

work did specially of scaled down EDM of Titanium 

alloy.  The hobby of the work is laid on contributing the 

measures of power to observe the exclusive research 

points and examples in smaller than standard EDM of Ti-

alloy which changed into no longer explored earlier than. 

The distinct technique parameters with 3 distinctive 

thing ranges are analyses i e. tool electrode dia., Ton, 

Toff, and Cp. Finally, this painting has been dividing into 

three parts.  

a) Effect of information limits or collaboration limits 

on execution measures  

b) Enhancement in execution gauges and smoothing 

out  

c) Surface depiction 

A. Introduction to electrical discharge machining (EDM):  

An electrical outlet is a method of creating machines which 

are used for strong metals or those that may be pretty difficult 

to apply with conventional techniques. EDM usually works 

with electronic additives, irrespective of how the techniques 

had been proposed to use EDM in a clay licensed system. 

EDM can reduce terrific systems or holes with pre-bolstered 

metallic without the need for warmth treatment to make it 

smooth however then cement once more. This machine can 

be used with other metals or metals including titanium, 

Hastelloy, Kovar, and Inconel. Also, the use of this cycle to 

make precious polycrystalline gadgets represented. For 

specific statistics, EDM tools are properly aligned close to the 

function; in the whole world it should not affect a piece of 

work, although as a general rule this may be due to a display 

of some control over the use. Thus, countless current 

discharges (also called light) are possible, each adding to the 

discharge from both the operator and the work piece, in which 

small holes are formed. The size of the holes is part of the 

new set limits for a specific current activity. They can have 

typical features ranging from nanoscale (in small EDM 

works) to amazing exactly enzyme in difficult situations.Our 

papers focus on improving parameters such as voltage, 

current, beat at a fixed time, timing and equipment used to 

limit machine wear (TWR) and better discharge rate 

(MRR).The presence of these small holes in the apparatus 

leads to further disintegration of the end. This damage to the 

device terminal is also known as aging. Methods of 

estimating the negative impact of aging on employment 

statistics are expected. Our papers focus on the development 

of parameters such as voltage, current, beat times, time and 

equipment used to limit machine wear (TWR) and improved 

output rate (MRR). 

B. Workpiece Material- Ti-(Ti-6Al-4V) 

Ti-6Al-4 furthermore now and again called TC-4, Ti-64 is an 

α-βTi- alloy with a high strength-to-weight extent and 

heavenly disintegration deterrent. Therefore Ti-alloy is 

extensively used in the industrial application in for instance, 

for instance plane business and bio-mechanical applications. 

Titanium alloy are mostly used in the medical field, 

automotive field and aerospace field.The machining of 

titanium alloy material is very difficult to cut.It is light metal 

alloy.In this particular research work it has used titanium 

alloy grade 5 .  

 Ti-6Al-4V Ti-ally for the most part exists in α, with 

HCP structure and β with BCC structurestages. Mechanical 

properties of Ti-alloy are a component of the heat treatment, 

and can change reliant upon properties, the properties of the 

workpiece are given in Table 1.3.1.  

 
Table 1.3.1: Properties of Ti-alloys 

 Ti-6Al-4V is effortlessly managed by proportions of 

hotness dealing with and vacillations in microstructure and 

compound. The infinitesimal piece will essentially shift 

contingent upon the specific hotness measure and strategy for 

adapting. 

 
Fig. 3: Various phases of titanium alloy 

 Ti-composites are hard to instrument materials 

given their low warm conductivity, high manufactured 

reactivity and low modulus of adaptability. These undeniable 

properties bring about outrageous machining temperatures, 

sped up gadget lifetime and a huge degree of equipment 

vibration through machining under ordinary diminishing 

circumstances. Also charged gadgets move quicker, which 

decreases instrument life. 

 Due to the past, because of the improvement of 

contemporary sensor and sign arrangement procedures, 

gadgets with an expanded scope of precision can be 

anticipated in the country. As of now, quick machining of 

titanium compounds (Ti-6Al-4V) with the guide of AI 

techniques endeavours to describe vibration signs and 

indications and hardware fitted with the AE banner. 
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Fig. 4: Various heat treatment process of alloy 

C. Applications of Ti- Alloys (Ti-6Al-4V) 

1) Application in aeronautical industries Difficult to 

machine materials  

Ti-alloys are utilized in motor applications like rotors, blower 

reducing edges, water driven framework components and 

nacelles. Ti-6AL-4V alloys represents almost 50 % in all 

mixtures utilized in aircraft applications. As a end result in 

their high unbending nature to thickness quantity, high 

disintegration impediment, and capacity to resist humbly high 

temperatures without creeping, titanium blends are utilized in 

plane. Aluminium, vanadium, and titanium alloys with many 

components are used as critical components for programs, 

fire dividers, landing equipment, exhaust publications 

(helicopters), and a group of components with water-

controlled structures. To be sure, about sixty-six percent of 

all titanium metal is employed in aircraft engines and sides. 

2) Application in other applications: 

In the auto enterprise, motor elements, for example, 

interfacing bars, wrist pins, valves, valve retainers and 

springs, rocker hands and camshafts are added from titanium 

in view of its fine, durability, mild weight and its protection 

from warmth or erosion. Ti-composite is hard material, which 

is not machined with conventional tool. 

 The wear of the slicing equipment has a great impact 

on the ability to machine the Ti mixture and the assembling 

price of the finished segment. Cutting tools fitted at some 

point of machining will reinforce quick prompts within the 

painting fabric to reduce tool replacement and floor integrity 

issues. 

D. Machining of Ti Alloy (Ti6Al4V) 

Machining of Ti compounds is much in question due to the 

fact that slicing of other extreme temperature materials. More 

and more regularly, Ti factors are machined into production 

conditions. Ti amalgam machining is basically ruined 

because of the following purposes: 

1) High thermal pressure at the point of cutting. The heat 

produced during machining can be maintained inside the 

depletion region due to the low thermal conductivity and 

high thermal efficiency of Ti-6Al-4V; This in turn can 

increase the tension in the lower position. 

2) The tendency of the artwork to harden during machining. 

This ends up in additional slicing forces during 

subsequent cuts. Machining of Ti compounds is as much 

questioned as the reducing of various high-temperature 

materials. In general, the Ti factors are machined inside 

the normal state. Ti amalgam machining inevitably stops 

for the following reasons: 

a) High temperature concern on the bleeding element. The 

heat created during machining is probably within the 

slicing region due to the low hot conductivity and 

extreme heat limit of Ti-6Al-4V; This can increase the 

burden on the front line. 

b) The tendency of the artwork to freeze for the duration of 

the machining. It turns on all the more reducing forces at 

some level inside the resulting reduction. 

c) High throttle burden due to the development of parted 

chips. 

d) high trouble at tool edges 

e) Tool unhappy through chipping due to power of rough 

slicing 

f) chemical reaction and 

g) Vibration and equipment running. 

 The split chips are shaped during machining of TI 

amalgam due to excessive throbbing load during machining. 

Work solidification is also taking place sooner or later after 

the machining of TI. 

 Ti composites offer first-class protection at extreme 

temperatures and exhibit low thermal conductivity. This 

unique property does not allow the gleam created inside the 

machining path to be scattered by the tool area, leading to 

excessive device tip temperatures and surprisingly plastic 

deformation and terrifyingly high cutting forces. The high-

compound reactivity of the Ti combinations allows the chip 

to be welded to the device. This surprisingly intimidates the 

game plan of setting into the surface of the device and 

completing the ominous device disillusionment. 

II. LITERATURE REVIEW 

Based on the impact of system parameters which include high 

cutting-edge value, heart charge, pulse off pulse, voltage, 

electrode cloth in performance measurements including 

surface first-class, elimination cloth (MRR) and growing old 

equipment (TW) the following effects have been acquired: 

 The researcher worked to identify the impact of 

output voltage and current on consumption rates such as 

MRR, TW and surface roughness. 

 The study of Kumar et al[1] current high 

performance is required to operate in process limits (WEDM) 

considering the effect of data limits ie. Ton, Toff, Wf, and D. 

Initially experiments have been integrated with these 

limitations into three interesting data levels related to 

responsiveness ie. The MRR and SR (Ra) was assessed at 

every initial attempt. Response data was used to generate 

model using response surface methodology for all responses, 

which can be considered as part of the cycle limits. Expected 

data was used to identify the evidence of the parameter effect 

as a diagram showing the effect of the restrictions on the 

selected responses. Expected data provided for the models (as 

shown in Taguchi's L27 OA system) were used to search for 

the appropriate parameter mix to achieve the required cycle 

yield. Taguchi techniques have been used to improve further 

cruelty. Fair value is guaranteed than expected value. 

 Kumar et al. [2] concluded that the voltage applied 

to the EDM processes indicated the opening of the fire and 

the power of the dielectric cracking. In this case the voltage 

rises until a backdown occurs in the middle of the workpiece. 

Increased power supply for open circuit, glossy opening 
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increases and promotes repair conditions however TWR and 

SR are similarly extended. 

 Hourmand et al. [3], an EDM machine and a small 

terminal manufactured in a CuW machine were used to make 

small holes in WC-16% Co. The impact of electric current, 

current, schedule, CLOS time, capacitor and rotation speed 

on the Material expulsion rate (MRR) during WC-16% Co's 

small boring EDM was tested using a component system 

method. ANOVA research shows that an increase in current, 

pivoting rate, capacitor and a decrease in electrical activity 

and heart rate WHILE lead to the development of MRR. It 

was observed that in most cases, the current and capacitor had 

a significant effect on the MRR, while the capacitor effect 

was higher than the current. Finally, it is often explained that 

small openings can be delivered using an EDM machine 

 Hourmand et al [4] pointed out that during EDM it 

is boring, in the current expansion the MRR increases at the 

beginning and from that point onwards, decreases when 

electrical power is expanded due to the very wide release hole 

for easy disposal of debris particles. An unnecessary 

discharge hole at high voltage (over 80 V) lowers the MRR 

 As shown by Tiwari et al [5], the extraction machine 

is one of the most widely used eccentric compact machine for 

complex but hard-to-use electronic components, for example, 

large composites, Ti-composites, amalgam steel, steel. steel, 

refined steel, silicon carbide etc. The current testing centers 

surround the Ti compound machine Ti 6-4 with EDM. 

Improvement is a method used to achieve the best 

combination of quality without having to think twice about 

quality and efficiency. This paper explores the possibility of 

advancing two conflicting targets namely environmental 

sustainability and the level of eviction at all times. Various 

re-testing tests to improve real power and your measurable 

validity are tested. Genetic development statistics are used to 

find the right answer for real skills. Catchphrases 

Electrochemical Equipment; Facial stiffness; Release of 

items 

 To understand the relationship between expulsion 

rate, site discomfort and EDM interaction parameters and 

their relative importance, a retrospective analysis. The three 

interaction factors that will be the current direct output, 

schedule and heart rate at rest are considered as informative 

factors with the level of output and location sharpness as 

specified features. The approximate description of the model 

was surveyed with a 5% significance level. 

 Tiwari et al [6] clarified that initially, the MRR 

increased by assuming that the current reached 1.2A when the 

smaller EDM entered and later lowered the previous 1.2A. 

 Egashira et al [7] noted that the mechanical wear rate 

at low voltage was low and high at high voltage in small 

EDM. 

 Despite the fact that large-scale vibration drains 

excess debris and air pockets into the discharge pit, the rate 

of evacuation decreases .There is a small effect of ultrasonic 

vibration in Copper that enters at a power equal to the 

rotational capacity of the machine (approximately 30 pF) 

using a tungsten cathode 15 m-measurement. 

 High output power increases MRR and better 

dielectric pressure exchange at 60% of high-power 

vibrations. 

 Traditionally, production is organized and created to 

achieve greater efficiency or lower cost 1. Excessive respect 

for mechanical components greatly affects their utilitarian 

performance. At the same time, it complements or enhances 

the quality of the object . Ti alloys are hard to machine using 

conventional techniques, in these lines, unconventional 

repairs are often chosen in many applications. Electrical 

discharge machining (EDM) is one of those rare machines 

that is often used to make Ti compounds with their unique 

advantage. 

III. EXPERIMENTAL DETAILS 

A. Taguchi method  

Taguchi Gas encouraged the way of wondering for the use of 

S=designed assessments, inclusive of an expert's guide. This 

technique organized the initial arrangement from the specific 

universe of the examiner and provided it extra fully within the 

universe of the gathering. In addition, their duties have made 

the exercising paintings greater direct, with the aid of 

assisting using short test schemes, and through giving a 

practical attention of the money-related implications and 

category nature of the key value making plans inside the place 

of collection. Taguchi gives his technique using the 

preliminary arrangement for the subsequent: 

1) To design the products/methods to in shape the 

ecological conditions. 

2) Design and manufacture and manufacture of powering 

goods/approaches for part range. 

 Three. To lessen the variation around the objective 

value. Taguchi's manner of wondering is largely bodily. 

 He encouraged that the designing of an interplay or 

item have to be implemented in a three-tiered method, for 

instance outline making plans, boundary planning and 

resistance making plans. Clothier Apples Logical Designing 

Statistics in Outline Scheme to Give a Necessary Utilitarian 

Model Scheme. The item configuration degree consists of the 

selection of materials, factors, conditional object restriction 

values, and so forth. Since framework configuration is an 

inherent improve, a earnings plan may be a protracted way 

from ideal as a great one and worth. 

 The goal of the limit configuration is to streamline 

the establishment of incentive limits for uniformly growing 

performance characteristics and to differ the object limit 

respects under the right cycle restrict respects. Similarly, it is 

common that the actual interplay boundary respects derived 

from boundary configurations are negligible to the form of 

ecological situations and different disturbance factors. As 

such, the Taguchi technique has the diploma required for 

progressed grade operation with out increasing grade 

configuration fees. Inevitably, the vintage fashion range 

configurations made thru Fischer are difficult and in 

particular tough to get admission to, with endless checks to 

be finished even as increasing the amount of cycle 

boundaries. To resolve this challenge, the Taguchi method 

uses a excellent scheme of symmetric businesses to do not 

forget the whole boundary area with a few examination. A 

mismatch function is then characterized to calculate the 

divergence between the exploratory properties and the 

preferred functions. Taguchi indicates the usage of chances 
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of misfortune to measure overall performance characteristics 

that deviate from the perfect appropriate's rate. 

 The price of ominous photographs has additionally 

modified from a signal to a movement (s / n) percentage. In 

widespread, there are 3 classifications of performance traits 

within the studies of the s/n percentile which might be 

"decrease-higher", "higher-better", "nominally-better". The 

s/n percentile for every degree of interplay threshold is 

primarily based at the s/n test PC. Regardless of the class of 

overall performance logos, better S/N ratios are associated 

with higher performance emblems. As a end result, the proper 

dipole of the cycle limit is stage with the most extraordinary 

S/N and ANOVA probes estimating an affordable mix of the 

interplay limit. Finally a confirmatory check is directed to 

check the right cycle limits, and that is derived from the 

restrict scheme. Inside dirt sinking Taguchi method is 

followed to reap excellent machining overall performance 

𝑳𝒂𝒓𝒈𝒆𝒓 − 𝒊𝒔 − 𝒃𝒆𝒕𝒕𝒆𝒓 (𝒎𝒐𝒔𝒕 𝒆𝒙𝒕𝒓𝒆𝒎𝒆): (𝑺/𝑵)𝑳𝑩 

=  − 𝟏𝟎 𝒍𝒐𝒈 ( (𝟏/𝒏) ∑(𝟏/𝒚𝒊𝟐 )) 

𝑴𝒐𝒓𝒆 𝒎𝒐𝒅𝒆𝒔𝒕 𝒊𝒔 𝒃𝒆𝒕𝒕𝒆𝒓 (𝒍𝒆𝒂𝒔𝒕): (𝑺/𝑵)𝑰𝑩 

=  − 𝟏𝟎 𝒍𝒐𝒈 ( 𝟏/𝒏) ∑ 𝒚𝒊𝟐 )) 

 while on the component, n is the number. The sense 

or thrust of the path and y is the measurement seen. Note that 

those S/N expansions are expressed on the decibel scale. We 

can use S/NT assuming that the objective is to reduce the 

irregularity cycle to a specific purpose, S/NL on the off 

chance the structure is smoothed out when there is a seriously 

decent arrangement as in the reaction monster , and s/ns 

assuming that the system is more attractive, while the 

response is comparatively much lower than should actually 

be expected. The part phase smoothing out ideal s/n boundary 

is great. 

 The use of Taguchi Strategy's range scheme to 

facilitate collaboration with special performance credits 

includes going with Propel: 

1) Distinguish the show elements and choose the range of 

associations to be surveyed. 

2) Quantify the component levels for comprehensible 

discussion between cycle barriers and exchange limits. 

3) Select the correct balancing group and work the cycle 

limit up to the even hotshot. 

4) Lead the preparatory exercises depending on the order of 

movement of the balanced bunches. 

5) Check the S/N rate and initial final product using 

ANOVA. 

6) Select the ideal level of cooperation threshold. 

7) Check the appropriate transaction limit through the 

confirmation breakdown. 

B. Tables for Taguchi Design of Experiment  

 
Table 3.1 Machining data 

 

 
Table 3.2 Experiment using DOE 

S.NO. 
DIA. 

(D) 

CURRENT 

(Ip) 

PULSE-ON-

TIME(Ton) 

PULSE-

OFF-

TIME 

(Toff) 

1 10 20 150 15 

2 12 40 150 30 

3 14 60 150 45 

4 14 40 250 15 

5 10 60 250 30 

6 12 20 250 45 

7 12 60 350 15 

8 14 20 350 30 

9 10 40 350 45 

IV. EXPERIMENTAL SETUP 

Ti-alloys was used in this work, EDM was used to machine 

Ti-alloys. The specification of EDM is given in Table 4.1. 

Copper tool electrode was used as electrode having dia. 14, 

12, and 10 mm. With the help of this machine number of trials 

have been done on ti alloy workpiece with the help of copper 

tool electrodes.  

 
Table 4.1: Machine specification 

 
Fig. 5 Machining Setup 

A. About Material 

Titanium alloy material has been utilized in this project 

whose dimensions are 6 mm thickness and 55 mm breadth 

and its composition information is given in the table below. 

In this experiment we have used titanium alloy grade 5  

 
Table 4.2: Various element percentage of alloy 
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(a) 

 
(b) 

Fig. 6: Sample of workpiece 

 
(a) 

 
(b) 

 
(c) 

Fig. 7: Tool electrode with various diameter 

B. Cutting tool 

The tool material Cu used for this work, and tool was 

prepared of dimensions as 2 inches length and 14 mm, 12 mm 

and 10 mm diameter. Figure 7(a-c) gives dimensional 

information for the tool material. 

C. Surface Roughness Test 

A profilometer is an assessing gadget used to gauge the 

profile of surfaces, to quantify its hardness. The fundamental 

viewpoints, like the stage, are handled from floor topography 

to twist uniformity. The level of surface geology inside the 

non-separating development sign camera buy, XYS checking 

is by and large not needed. As a final product, dynamic 

adjustments in geology are ceaselessly assessed. Right now, 

the profilometer is assessing static topography as well as a = 

dynamic geography, for example, is portrayed as a period 

decided profilometer. 

V. RESULT & DISCUSSION 

A. Observation Table 

The following result we got after doing electrical discharge 

machining of titanium alloy using copper electrodes and these 

are the input machining parameters like pulse on time, pulse 

off time, peak current and tool diameter. In which it has used 

L9 orthogonal array.  

S. 

No. 

Pulse 

On (us) 

Pulse 

Off (us) 

Peak 

Current (A) 

Tool 

Diameter 

(mm) 

Machining Time 

(mm/min) 

Wt. B/f 

Machining (gm) 

Wt. A/f Machining 

(gm) 

W/p Tool W/p Tool 

1. 150 15 20 10 39:08 90.35 54.5 90.02 54.35 

2. 150 30 40 12 7:43 88.98 92.83 88.54 92.4 

3. 150 45 60 14 21:44 88.47 50.78 87.74 50.66 

4. 250 15 40 14 28:32 89.17 50.66 88.47 50.54 

5. 250 30 60 10 31:17 89.72 54.06 89.42 53.92 

6. 250 45 20 12 53:30 88.54 92.01 87.84 91.73 

7. 350 15 60 12 43:55 87.74 91.39 87.43 91.32 

8. 350 30 20 14 81:20 89.94 50.54 89.16 50.45 

9. 350 45 40 10 35:23 90.04 54.35 89.72 54.06 

Table 5.1 Outcomes and input levels 

B. Formula for material removal rate  

𝑴𝒂𝒕𝒆𝒓𝒊𝒂𝒍 𝒓𝒆𝒎𝒐𝒗𝒂𝒍 𝒓𝒂𝒕𝒆 (𝑴𝑹𝑹)

=  
𝐖𝐨𝐫𝐤 𝐩𝐢𝐞𝐜𝐞 𝐰𝐞𝐢𝐠𝐡𝐭 𝐥𝐨𝐬𝐬 (𝐠𝐦) × 𝟏𝟎𝟎𝟎

𝐃𝐞𝐧𝐬𝐢𝐭𝐲 (
𝐠𝐦

𝐜𝐜
) ×  𝐌𝐚𝐜𝐡𝐢𝐧𝐢𝐧𝐠 𝐓𝐢𝐦𝐞

                  (𝟏) 

 With the help of Equation 1, material removal rate 

was calculated. Taguchi L9 orthogonal array and calculated 

MRR for each experiment is given in Table 5.2. From the 

observation Table 5.2, it is clear that maximum MRR 

(0.02126 gm/min.) was found on experiment no. 2 and 

minimum (0.002631 gm/min.) for experiment no. 7.    

S. No Ton Toff Current Diameter M.R.R. 

1. 150 15 20 10 0.003144 

2. 150 30 40 12 0.02126 

3. 150 45 60 14 0.01252 

4. 250 15 20 14 0.009147 

5. 250 30 40 10 0.003575 

6. 250 45 60 12 0.004878 

7. 350 15 20 12 0.002631 

8. 350 30 40 14 0.003575 

9. 350 45 60 10 0.003372 

Table 5.2: Orthogonal setting using DOE 

 
Fig. 8: Signal to noise ratio of material removal rate 

 The Fig. 7 shows plot for material removal rate and 

mean data plot for S/N ratio. Large value of mean S/N ration 

in case of tool electrode diameter (A) corresponding to 

minimum tool diameter. On increase in peak current MRR 

was increased, and maximum at factor level 2. On increase in 

pulse on time MRR was increased, and maximum at factor 

level 2. MRR increasedon increase in Toff, and maximum at 

factor level 3.  
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1) Calculation of S/N Ratio of M.R.R. 

The S/N proportion was calculated to reduce noise in the 

experiment, which consolidates the various informative 

elements inside a preliminary, relies upon the sort of qualities 

being assessed. For estimation of S/N proportion for MRR, it 

is calculated using “LARGER IS BETTER” condition. The 

condition for the estimation of S/N proportion for material 

evacuation rate is by Equation (2). Large value of S/N ratio (-

33.4487) gives that experiment no have best result by 

Taguchi single response optimization. Same also observed in 

the experiment.    
𝑺

𝑵𝑳𝑩
=  −𝟏𝟎 𝒍𝒐𝒈 (

𝟏

𝑵
× ∑

𝟏

𝒚𝒊𝟐
)                                  (𝟐) 

S. No. M.R.R. S/N 

1. 0.003144 -50.0503 

2. 0.02126 -33.4487 

3. 0.01252 -38.0479 

4. 0.009147 -40.7744 

5. 0.00575 -48.9345 

6. 0.004878 -46.2352 

7. 0.002631 -51.5976 

8. 0.003575 -48.9345 

9. 0.003372 -49.4422 

Table 5.3: Finding of Signal to noise ratio for material 

removal rate 

2) Calculation of Mean S/N Ratio for M.R.R. 

Mean S/N ratio is calculated by means of the usage of 

following formula 

𝒏𝒇𝒊 =  (𝒏𝒇𝟏 +  𝒏𝒇𝟐 +  𝒏𝒇𝟑) / 𝟑 

 nfis imply signal to noise for aspect F extent fee I if 

the chosen different factorssignal to noise for factor at 

specific stage. The elements thateffect the cutting variable 

display inside the desk as represent order of position. Position 

of the variables relies upon at the cost of β. If the β price of 

one variables better than the alternative that suggests first 

rank. Higher cost of S/N ratio of every issue shows highest 

quality level of the aspect. Peak modern shows the principal 

impact within the above response desk and pulse on time is 

less powerful compared to top current.  

Level Tool Dia. Ip Ton Toff 

1. -49.48 -48.41 -40.52 -47.47 

2. -43.76 -41.22 -45.31 -43.77 

3. -42.69 -46.19 -49.99 -44.58 

β 6.89 7.18 9.48 3.70 

Rank 3 2 1 4 

Table 5.4: Outcome for higher is better 

3) Finding of material removal rate using ANOVA Method 

This table mentions the results of material removal rate 

conducted on software using design of experiment. Result 

indicates that the Peak current is the most influential factor 

and its percent contribution is about 42.035 %. 

Factor DOF (f) Sum of Sqrs (S) Variance F-Ratio Pure Sum (s’) Percent P (%) 

Tool Dia 2 65.651 32.825 --- 65.651 20.949 

Ip 2 131.73 65.865 --- 131.73 42.035 

Ton 2 85.495 42.747 --- 85.495 27.281 

Toff 2 30.499 15.249 --- 30.499 9.732 

Other Error 0      

Total 8 313.376    100.00% 

Table 5.5: Results from Anova 

From the Table 5.5 gives information about ANOVA analysis 

for MRR. It is clear that peak current has highest impact on 

the MRR followed by pulse on time. The Fig. 9 gives that 

pulse off time has minimum impact on the MRR.  

 

C. Calculation for Tool Wear Rate (T.W.R.) 

𝑻𝒐𝒐𝒍 𝒘𝒆𝒂𝒓 𝒓𝒂𝒕𝒆  (𝑻𝑾𝑹) =  
𝐓𝐨𝐨𝐥  𝐰𝐞𝐢𝐠𝐡𝐭 𝐥𝐨𝐬𝐬 (𝐠𝐦)×𝟏𝟎𝟎𝟎

𝐃𝐞𝐧𝐬𝐢𝐭𝐲 (
𝐠𝐦

𝐜𝐜
)× 𝐌𝐚𝐜𝐡𝐢𝐧𝐢𝐧𝐠 𝐓𝐢𝐦𝐞

 (3) 

 With the help of Equation 3, Tool wear rate was 

calculated and enlisted in Table 5.5. Taguchi L9 orthogonal 

array and calculated TWR for each experiment is given in 

Table 5.5. From the observation Table 5.5, it is clear that 

minimum TWR (0.0002095 gm/min.) was found on 

experiment no. 8 and maximum (0.0105537gm/min.) for 

experiment no. 2.    

S. No. Ton Toff Current Diameter T.W.R. 

1. 150 15 20 10 0.007259 

2. 150 30 40 12 0.0105537 

3. 150 45 60 14 0.001045 

4. 250 15 20 14 0.0007965 

5. 250 30 40 10 0.0008475 

6. 250 45 60 12 0.0009912 

7. 350 15 20 12 0.0003018 

8. 350 30 40 14 0.0002095 

9. 350 45 60 10 0.001552 

Table 5.5: Outcome of TWR 

1) Calculation of S/N ratio for T.W.R. 

The S/N proportion was calculated to reduce noise in the 

experiment, which consolidates the various informative 

elements inside a preliminary, relies upon the sort of qualities 

being assessed. For estimation of S/N proportion for TWR, it 

is calculated using “SMALLER IS BETTER” condition. The 

condition for the estimation of S/N proportion for TWRis by 

Equation (4). Large value of S/N ratio (73.5763) gives that 

experiment no 8 have best result by Taguchi single response 

optimization. Same also observed in the experiment.   

𝑺/𝑵𝑺𝑩 =  −𝟏𝟎 𝒍𝒐𝒈 (
𝟏

𝑵
∑𝒚𝒊𝟐))  (4) 

S. No. T.W.R. S/N 
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1. 0.007259 42.7825 

2. 0.0105537 39.5319 

3. 0.001045 59.6177 

4. 0.0007965 61.9763 

5. 0.0008475 61.4372 

6. 0.0009912 60.0768 

7. 0.0003018 70.4056 

8. 0.0002095 73.5763 

9. 0.001552 56.1822 

Table 5.7 Finding of Signal to noise ratio for tool wear rate 

2) Calculation of Mean S/N ratio for T.W.R. 

Mean S/N ratio is calculated by using following formula 

𝒏𝒇𝒊 =  (𝒏𝒇𝟏 +  𝒏𝒇𝟐 +  𝒏𝒇𝟑)/𝟑 
Where nf is mean S/N ratio for factor f at the level value I of 

the selected factor. 

Level Tool Dia. Ip Ton Toff 

1. 53.47 58.81 47.31 58.39 

2. 56.67 52.56 61.16 58.18 

3. 65.06 63.82 66.72 58.63 

Delta 11.59 11.26 19.41 0.44 

Rank 2 3 1 4 

Table 5.8: Anova result for TWR 

 
Fig. 10: Signal to noise ratio for tool wear rate 

 The Fig. 8 shows plot for tool wear rate and mean data plot for S/N ratio. Large value of mean S/N ration in case of 

tool electrode diameter (A) corresponding to maximum tool diameter. On increase in peak current TWR was remains constant. 

On increase in pulse on time TWR was decreased, and minimum at factor level 2. TWRS/N ratio increased on increase in Toff, 

and maximum at factor level 3, it means that at factor level 3 tool wear rate is minimum.   

 
3) Analysis of Variance for T.W.R. 

Col. # factor (DOF) Sum od Sqrs Variance F-Ratio Pure Sum Percent 

Tool Dia. 2 17.614 8.807  17.614 16.258 

Ip 2 60.598 30.299  60.598 55.932 

Ton 2 10.842 5.421  10.842 10.007 

Toff 2 19.284 9.642  19.284 17.8 

Other/error 0      

Total 8 108.341    100.00% 

Table 5.9 Anova result for TWR 
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 From the Table 5.9 gives information about 

ANOVA analysis for TWR. It is clear that peak current has 

highest impact on the TWR followed by pulse off time. The 

Fig. 11 gives that pulse off time has minimum impact on the 

TWR.  

4) Optimal Levels of Parameters for T.W.R. 

Fundamental impact of plot for instrument wear rate shows 

the expansion in current the TWR will expand. It is obvious 

from the plot that at first TWR increments at slower rate with 

current however with additional increment in current the 

TWR increments at quicker rate. This is a result of the 

expanded power of sparkle. The base TWR is created at 6A. 

In the event of beat of time, TWR don't change a lot. At 

starting levels, the TWR increments with expansion in 

heartbeat on schedule however with additional increment in 

beat on time the TWR will in general diminish. The beat off-

time doesn't have any critical impact on TWR and a level 

diagram is gotten. 

 

 
Fig. 11: Interaction graph from anova outcomes 

D. Surface Roughness Measurement 

Surface harshness estimation has been finished utilizing an 

Optical Profilometer, is a convenient, independent instrument 

for the estimation of surface. The boundary assessments are 

chip based. Surface unpleasantness estimation with the 

assistance of pointer has been displayed in Figure 10. 

 
Fig. 10: Surface roughness tester 

1) Calculation of S/N Ratio for Surface Roughness 

The S/N proportion was calculated to reduce noise in the 

experiment, which consolidates the various informative 

elements inside a preliminary, relies upon the sort of qualities 

being assessed. For estimation of S/N proportion for SR, it is 

calculated using “SMALLER IS BETTER” condition. The 

condition for the estimation of S/N proportion for SRis by 

Equation (3). Large value of S/N ratio (-20.6338) gives that 

experiment no 8 have best result by Taguchi single response 

optimization. Same also observed in the experiment in Table 

5.9. 

S. No. Roughness (Ra) S/N 

1. 10.757 -20.6338 

2. 22.549 -27.0625 

3. 23.641 -27.4733 

4. 19.277 -25.7008 

5. 20.625 -26.2879 

6. 21.358 -26.5912 

7. 19.265 -25.6954 

8. 18.2 -25.2014 

9. 16.34 -24.2650 

Average 19.1124 -25.5345 

Table 5.9: Result of surface roughness 
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Fig. 13: Interaction graph from anova outcomes 

VI. CONCLUSION 

Ti-6Al4V alloys was successfully machined with the help of 

electrical discharge machine. During machining pulse on 

time, diameter, pulse off time, and peak current was 

considered in the experimental design. The response 

parameters surface roughness, material removal rate, and tool 

wear rate were evaluated. Taguchi L9 orthogonal array was 

used for the design purpose. On the basis of the experiment, 

following conclusion was drown; 

1) Material removal rate was found maximum (0.01252 

mm3/min), when machining was performed at process 

parameters Ton-150µs, Toff-45µs, Ip- 60A, and dia. 

14mm. 

2) Factor level analysis gives that pulse on time have 

highest impact on the MRR and TWR.  

3) Tool wear rate (TWR) was found minimum (0.00021 

mm3/min), when machining was performed at process 

parameters Ton-350µs, Toff-30µs, Ip- 40A, and dia. 

14mm. 

4) Factor level analysis gives that pulse on time have 

highest impact on the MRR.  

5) Surface roughness was found minimum (10.757µm), 

when machining was performed at process parameters 

Ton-150µs, Toff-15µs, Ip- 20A, and dia. 10mm. 

6) ANOVA results gives that Ip was most significant 

process parameter among the discuss. 

7) The conformation test has been carried out. Result show 

that the mistake related to SR is handiest 1.14% and 

MRR 5.85 %. The choice of surest value is crucial for the 

system automation and implementation a laptop 

integrated manufacturing machine. 

VII. FUTURE ENHANCEMENTS 

The Combinations of process parameters such as tool 

material, different tool structures and geometry in electrode 

material and type of flushing technique can be optimizing for 

process parameters  the levels of peak current (IP), pulse-on 

time (Ton), pulse-off time (TOFF) can be changed to range 

since it is observed that material rate can be change and differ 

observation  and further Study can be carried out. 
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