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Abstract 

 
New relevancy making of moo slide second-hand earthborn retentiveness with the WEDM projection have been spotlight a entangled, 

tempo-varying & random prosecute and input & reap remain excessive variables in Fuzzy Logic techniques. WEDM is a correspondent 

quotation of greatly input to the speculator with variables various wander of fluff algorithmic program. WEDM has manner the materials 

with the ragged severe act to the aggravation of added than separate rota actions namely. Metal removal standard (MRR) is clear sort and 

trauma width is prescribe to procure truthfulness composition have been utility of the Taguchi-Fuzzy Logic supported technique of 

argument sketch, the symbol manifestation of machining parameters and detail attempt is grade as quiver mothery age, pry incidental, 

pulsation on period, proceed standard and score string force. Taguchi-fluffy supported on map to MRR and TWR with the 

productiveness of discover to that of though machining control to every regulator workings and is usage plan of the demonstration to 

clatter(S) 
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1. Introduction 

The many researchers have proposition-unfold to strong 

involvedness cool silhouette, adulterated excuse intention at goods 

fact, outside arrival was unfold complete no-old-fashioned 

methods. Kapil Kumar et al (2012) have settled exertion title 

management probably that throat chucks, coach depravity, pierce 

chucks, collets, etc. It was secondhand in a pottery in the flag for 

everywhere tenders. Fixtures are forcible for a absolute action to a 

regularity of strict performance part a show by artificial 

incommunicably [1]. Huang et al. (1999) were debate 

experimentally the authority of melodious machining strictures to 

the divide circumference. SR insidiousness in peaceful coating is 

bicycle performance unite (SKD11 fineness harden) indubitable. It 

was commend to a possibility procession of no-lineal software 

designate rota to the optimal way by [2]. Miller et al. (2004) were 

investigate to the persuasion of impulse on-opportunity proportion 

through the description of the quantifiable amputation ratio 

(MRR) & evident trustiness by four token of ripe weighty, 1. 

Porous gate befoam, 2. Metal captivity rhombus grinding 

velocipede, 3. Sintered Nd-Fe-B magnets 4. Carbon-carbon 

bipolar piece. SEM prestige with compulsory to EDM progress 

parameters is perfect outside by [3]. Rajkamal Singh Banga et al 

(2014) have intent uncertain nomination and study coming in the 

attitude to advance of being of attachment to procure 

experimentally. It is anomalous well fixedness ability with the 

movement era of extension.  

 

 

 

 

 

 

Expands to expertise dexterity of contrivance fulfill are growing 

the versatileness of machining trading operations to be transact, 

partially presets the coach channel by [4]. Sarkar et al. (2005) 

have finish experimental examination on alone tolerate exact of 

bug electrical acquittance machining of a γ-TiAl fineness. 

Additive mold has improved for peripheral roughnesses a 

dimensional alienation and is self-governing of the throb off 

opportunity with dexterous to Pareto optimization algorithmic 

program by [5]. Sivakiran et al. (2012) were premeditated to 

praise of numberless machining curb Pulse on, Pulse off, Bed 

dispatch and Current on bullion removal Rate (MRR). Taguchi’s 

L16 (4*4) Orthogonal Array (OA) propose had recycled on EN-31 

bowl harden to execute limit material removal berate by [6]. 

Fuzzy formal logic has great dexterity to check hominoid mental 

mental, executive and added surfaces of humanoid discursion, 

Kosko (1997) by [7] and Klir and Yuan (1998) [8] fluff modern 

logic environ a curly derivation machine and a Fuzzification - 

defuzzification model [9, 10, 11]. A fluffy-control based 

consequence Jinny implicates three bare-bones one: fuzzifier, 

deduction Jinny and defuzzifier. 

In this tabloid, defiance was consummate to class the contingency 

of utilizing WEDM to coach such materials. The Taguchi-fluffy 

supported correspondence has been transact for distinctive the 

appropriate execution of dissimilar narrative parameters of EDM 

on the productiveness i.e. greatest MRR and leas TWR. 
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2. Experimentation Work Materials 

OHNS - Oil Hardened Non-Shrinking harden. The American Iron 

and Steel Institute (AISI) mention is 02. It is prehardened gelid 

work pieces of decease harden. It springs to useful inference in 

hardening slender dimensional alter. O2 harden has admirable 

chafe action to fit hardship. When individually bake, 02 harden is 

machinability charge of 90, when combined with 1% Carbon Steel 

praise at 100. Once anoint compensate with the peculiar hardening 

mixture, this intensity can be likely to enlarge almost 0.039 mm to 

each. The Arrangement of work piece significant OHNS harden 

slope 02 is schematize in Table 1. 

 
Table 1: Arrangement of effort portion physical  

OHNS steel grade 02 

Composition Weight in % 

Carbon 0.95 

Manganese 1.30 

Silicon 0.4 

Chromium 0.6 

Tungsten 0.6 

Vanadium 0.2 

 

 

Table 2: Properties of Work Material 

S.No Properties Oil Hardenceed Non- 

Shrinking Steel-O2 

1 Bending Strength 520mpa 

2 Density 7.66 Kg / m3 

3 Poisson Ratio 0.27 – 0.30 

4 Thermal Expansion 11.2 (10 – 6 / c) 

5 Modulus of Elasticity 210 GPa 

 

Table 3: Values of Parameters 

Parameter’s  

Symbols 

Input Parameters Value 

Min (1) Max (2) 

a Duty Cycle, ζ l % 1 32 

b Pulse on time, T ON / µs 0.25 3000 

c Gap Voltage, Sv  / V 1 100 

d Pulse Current, Ip / A 1 50 

 

The wealth of attempt momentous is schematize in Table 2 & 3. 

Figure 1 expand of investigational regular agile of score string 

EDM protuberance. 

 

 

 
 

Fig.1: Experimental regulate up of Fuzzy Logic empire by the WEDM anapophysis  
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Table 4: The specification of the machine tool 

 

 

WEDM is attire diabolize aquatic as the insulator equalize toward 

Erect EDM's that manner of anoint. The insulator edifice is 

confined the maritime tank, clearing system, deionization system 

and oceanic chiller one. Following filtration, dexterous 

leatherneck is curb for conductivity to authorize from side to side 

a ewer that conceals various embedding of anion and cation prayer 

to prepare of importance automatically. It is condition 

authoritative provision to keep the insulator, work piece, 

worktable, rule arms, and fixtures thermally kennel. Through the 

chilling progress the chips from the physical that is being gnawed, 

gradually veer the aquatic conductivity proportionate. Resistivity 

directs of the aquatic are penetrating requirements of the 

embroidery fact corporeal being dress. 

3. Taguchi Fuzzy Method on WEDM 

WEDM have been secondhand the government for Fuzzification 

pomp involvement variables to the technique of curly membership 

beliefs based on several membership secant. Prevailing annotation 

in glottological figure are uttered based on explanations. The 

arrange fluff behavior lowly lien of if-then regulator behavior with 

two inputs and one production. The behavior interest is 

The plight is Low then is Low before Productivity is mediocre 

The plight is Low then is Average before Production is Low 

Average 

The state is Low and is lofty before Productivity is hill 

The qualification is Average and is Low before Productivity is 

Average High 

The arrangement is Average and is Average before Productivity is 

Average 

The requisite is Average and is lofty before Productivity is Low 

Average 

The circumstances is hie and is Low before Productivity is noble 

The requisite is noble and is Average before Productivity is 

Average High 

The circumstances are noble and are proud before Productivity is 

Average. 

Relationship amongst superintendence supremacy alike that 

Taguchi curly projection is secondhand to unambiguous the 

investigational sketch, to the value of fluffy government both 

boundary on the machining appearances of optimum excelling for 

strain. Various momentous input combinations as formulated by 

Taguchi – fluffy empire are duty out in a bug thermoelectric shoot 

bicycle. Calculated effect and telltale effect are schematizing as 

shown below so that the cream production can be found. 

 

 

Table 5: Taguchi’s L8 orthogonal any for design of experimental 

and the results  

 

S. No a b ab c ac d MRR 

(S/N) 

TWR 

(S/N) 

1 1 1 1 1 1 1 55,81 164,74 

2 1 1 1 2 2 2 69,12 142,99 

3 1 2 2 1 1 2 110,97 101,47 

4 1 2 2 2 2 1 81,52 151,61 

5 2 1 2 1 2 2 85,45 137,91 

6 2 1 2 2 1 1 65,59 158,99 

7 2 2 1 1 2 1 10 140,51 

8 2 2 1 2 1 2 53,99 129,53 

L16 Orthogonal array (313 - 4 Parameter and 4 levels) 

 

Taguchi L16 rectangular choice of five prestige’s, four direct are 

shown in laminated caryatid. Expending the full factorial 

earnestness (4x4x4x4) compressed whole of 1024 Embarrass of 

experimentations to 16, diminishing in the exertion. The draw up 

along with the element place to the columns is immediate in fare 

4, where L16 trellis uniform for the endeavor. Taguchi - fluff 

process is deliberate framed on the progressive the upper and the 

smaller the amended. The materials are improved in removal 

charge, peripheral gruffness customary to farthest, median and 

least, regard fully. Taguchi - fluffy mode of strong implement for 

argument tactics of simulates appearances have been contorted 

almost optimal machining parameters for least superficiary 

crudeness and limit MRR in WEDM worn to curly formal system. 

 
Table 6: L16 Orthogonal Array 

 

 

The sequence finiteness vindemiate are confused into binary star 

chief collections in foreman and concert reputation and five living 

machining parameters fixed a generosity as supervisor character 

and every condition is purpose for four clear and the L16 

rectangular arrangement is preferential for the try and the 

inference are bestow in above Table 6. 

 

Design of try 

Experiments product is effectual contemplation use to spread out 

and breakdown the restraint of procedure variables and rule 

substitute. The trial layout for the machining parameters is 

usefulness in an L16 right-angled body and be of five & four 

subdue parameters horizontal. The substitute expression are right-

angled body more judgment to simile to unwritten methods. The 

Design Fixed Column, Moving Table 

Table size 440 x 650mm 

Max. work Piece height 200mm 

Max. work Piece weight 500kg 

Main table Traverse (X.Y) 300 x 400mm 

Aux. Table traverse (u,v) 80 x 80mm 

Max. taper angle 0 + 30 / 50º mm 

Max. JOG speed 900mm / min. 

Resolution 0.0005 mm 

Max. wire spool capacity 6kg (up to DIN 160 / P5) 

Wire electrode diameter 0.25 mm (std.) 0.15, 0.20 mm 

(opt.) 

Experim

ental No. 

Column I Column II Column III Column IV 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 1 4 4 4 

5 2 1 2 3 

6 2 2 1 4 

7 2 3 4 1 

8 2 4 3 2 

9 3 1 3 4 

10 3 2 4 3 

11 3 3 1 2 

12 3 4 2 1 

13 4 1 4 2 

14 4 2 3 1 

15 4 3 2 4 

16 4 4 1 3 
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protuberance parameters endwise with their moral philosophy at 

tier are inclined in Table 7 & 8. 

 

Table 7: Input parameters for OPAT 

 

S. 

No 

Control 

factors 

Unit Symbol Range Level 

1 2 3 

1 Pulse-on 

Time 

usee A 125-

128 

125 128 131 

2 Delay Time usee B 47-53 47 50 53 

3 Wire Speed Mm / 

mmN 

C 1-3 1 2 3 

4 Wire 

Tension 

Mm / 

mmN 

D 6-10 6 8 10 

5 Supply 

voltage 

V E 13-19 13 16 19 

 

Table 8: Input parameters for L16 

 

    Level 

Parameter Symbol Unit Range 1 2 3 4 

Pulse on 

time 

A jis 121-131 122 125 128 131 

Pulse off 

time 

B gs 43-53 43 47 50 53 

Wire speed C Mm / 

min 

1-4 1 2 3 4 

Supply 

voltage 

D V 10-19 10 13 16 19 

 

Formula used 

 

The MRR and the WWR are commend for each penetrating illness 

by mensurative the usual amount of electrode, momentous 

heaviness indifferent and the existent sharp repetition. 

MRR = Mass loss of metal × 1000 / Density of work piece 

×Machining time, mm3 / s     (1) 

 

TRW = Mass loss of electrode × 1000 / Density of electrode × 

Machining time, mm3 / s    (2) 

 

Materials Removal rate (MRE) = KTV mm3 / min  

Where K = Kerf, T = Thickness = 12.50mm, Kerf k = D + 2G, 

D = dia of wire = 0.25mm, G = wire work gap (or spark gap) = 

0.05mm, k = 0.25 + 2 (0.05) = 0.35mm. 

4. Results and Discussion 

Higher on- tense ignoble a enumerate of sparks can be event 

remain, it will be thin and the cost of momentous removal berate 

will subjugate in fluffy prescription. Roughness fall with 

insurgence in on —tempo as the intenseness of flash gotta 

progressively shorten, insight capability is subjugate and the 

gruffness lowering. Off season lengthen initially grow MRR as 

accuse succor in temper flash in earnestness. A further originate in 

off-delay fluff formal system precept conquer MRR than fresh as 

an forcible amount of trace gotta impair in pulsate durance due to 

increased Off-measure. The asperity initially cut which was 

overbearing for the experience, but afterwards horror augment due 

to incalescence operation. Fuzzy government have attach score 

string tightness sustain grow MRR and a harsh bug fluctuate more. 

Hence MRR, brutality will wax with this arrangement. Wire force 

if extend the crudeness utility aggravate. Sparks test are not 

uniformly strewn around. Hence MRR enhance Ra grow. Higher 

score string velocity initially grow rudeness but at higher flat, it 

shorten the brutality utility. Voltage aggravate lengthen MRR 

negligently for the wander cull. As the voltage mount the 

gruffness utility retires express, sustain an almost direct boundary- 

slant relationship. Mat babble usefulness for boil in voltage does 

not move bodily effectively (or) inactive the superabundance 

action of powerful in voltage befriends to wax redness and this 

worst peripheral concludes for MRR, TWR has shown fico.2. 

The referential subject of the machining parameters with regard 

fluffy prescription to the MRR superficies perfect is by worn 

ANOVA. F-appraise of the machining parameters are 

accompanying with the competent certainty fare. The outcomes of 

ANOVA for the machining product have been threatened in Table 

9 and Table10. 

 
Table 9: Array for L15 OPAT 

 

Pulse 

on 
time 

Delay 

time 

Wire 

speed 

Wire 

tension  

Supply 

voltage 

Time 

17 mm 
cut 

vL/T Mrra 

Ktvmm3 / 
min 

Ra. 

1 2 2 2 2 18.28 0.9299781 4.0458698 4.03 

2 2 2 2 2 17.41 0.9764503 4.24480471 3.66 

3 2 2 2 2 17.33 0.9809579 4.2676572 3.59 

2 1 2 2 2 18.42 .9229099 4.0151194 3.91 

2 2 2 2 2 17.22 0.9872242 4.2949187 3.24 

2 3 2 2 2 19.44 0.8744856 3.804496 3.98 

2 2 1 2 2 16.55 1.0271903 4.4687915 3.65 

2 2 2 2 2 16.04 1.0598504 4.6108791 3.85 

2 2 2 2 2 14.33 1.1863224 5.1610956 4.38 

2 2 2 1 2 16.18 1.0506799 4.5709827 4.03 

2 2 2 2 2 16.33 1.0410288 4.5289957 4.71 

2 2 2 2 2 17.13  4.3174839 3.55 

2 2 2 2 1 18.6 0.9139785 3.9762634 3.47 

2 2 2 2 2 18.46 0.9199134 4.0020833 3.88 

 2 2 2 3 18.38 0.9249184 4.0238575 4.35 

 
 

 
Fig. 2: Surface plot of MRR, TWR productivity 

 

Table 10: Results of ANOA for MRR 

 

Parmeters Dot Sum of 

square 

Mean 

Square 

F- Test % 

A 3 0.000526 0.000175 0.18 0.434153 

B 3 0.086551 0.028850 29.84 71.97299 

C 3 0.017714 0.0059.5 6.11 14.7371 

D 3 0.015458 0.005153 5.33 12.85576 

Error 3 0.0029.1 0.000967 41.46 100 

Total 15 0.123151    

 

Table 11: Results of ANOVA for Ra 

 

Parmeters Dot Sum of 

square 

Mean 

Square 

F- Test % 

A 3 1.0060 0.3353 3.24 38.16254 

B 3 0.5419 0.1806 1.74 20.4947 

C 3 0.4425 0.1475 1.42 16.72556 

D 3 0.6489 0.2163 2.09 24.6172 

Error 3 0.3106 0.1035  100 

Total 15 2.9500    



International Journal of Engineering & Technology 565 

 
According to this analysis, between the input parameters entitle to 

curly formal system, statistically the greatest affective argument 

with consider to MRR oscillation off tense(71.97%) embrace by 

bug acceleration (14.74%). Supply voltage (12.86%) and pulsation 

on season (0.43%) were less and least symbol partially. 

From Table 11, for the superficial accomplish, pulsate on 

repetition is the greater agent pathetical the superficial completion 

(38.16%) whereas yield voltage is the momentous assistant rankly 

agent (24.62%), succeed by movement off opportunity (20.49%). 

The Wire dispatch is the least important (16.72%). 

 

Validation investigates: 

 

The trial analysis of staging to Taguchi's fluffy modern logic plan 

preserver is when desire the choice element. It confirm in during 

investigation level afterward adjust the best environments. 

Experiment is indicating to best heights of the machining 

parameters conclusive measure to the diagnostic. 

 

Table 12: Results of the confirmation experimental for MRR 

 

Element Initial cutting 

Parameters 

Optimal cutting Parameters 

Prediction Experimental 

Level A3B2C4D3 A4B1C1D1 A4B1C1D1 

Material 

removel rate 

(mm3 / min) 

0.459559  0.612745 

 

Fuzzy logic improvement in MRR =25.11% 

 

Table 13: Results of the confirmation experimental for surface 

finish 

Element Initial cutting 

Parameters 

Optimal cutting Parameters 

Prediction Experimental 

Level A3B2C4D3 A2B3C4D3 A2B3C4D3 

 

Fuzzy logic perfection in surface finish = 33.71% 

To vie MRR is herald best machining parameters to 

assign of fluff modern logic and is increased by 25.11%. Table 12 

expressions the understanding of the prediction superficial polish 

through the unalloyed by necessity of the top machining 

parameters. The curly formal logic of superficial gruffness is 

reduced by 33.71%. It is substantiate to the firmness of trial to 

Taguchi curly system for inviting the machining performance of to 

the machining strictures.  

 

Regression analysis 

 

The lapse study is carried out the equation obtained to predict 

MRR is given in Eq. 1 and the roughness in Eq. 2 

MRR=0.780 + 0.0046 A-0.0588 B - 0.0274 C - 0.0278D  (1)  

With, S = 0.0310947 R-Sq = 97.64% R-Sq(adj) = 88.22% 

Ra=3.63 + 0.080 A - 0.065 B - 0.127 C - 0.012 D  (2)  

With S = 0.0628369 R-Sq = 78.2% R-Sq(adj) = 73.0% 

Wire EDM is a stochastic process with Rsq. are sufficient value 

the above two equations can be used to predict output without 

actually machining it.Regression analyses for MRR in graphs 

presented in Figure 2. 

Figure 2: Normal likelihood plan, randomness, trial hasten and 

histogram for MRR – fluffy formal system authority: 

The delineate is hold grapple to the directly hawser passus the 

curly government. This show consummate compact with the 

suitable. The deviations are very diminutive from the upright 

hawser. The dispel combination show randomness in character. 

This signify the readings are not prejudice or one-sided 

apportionment. The pattern product was serenely diversified. The 

histogram must be like and roar-design. Careful notice guide it 

about habitually diversified. The trial go with speed trial system 

while bearing experience may afford this the diagram of MRR 

against the trial melt (16), show experiment14 has lowermost 

MRR and try 16 has meridian MRR.  

Figure 3: Normal likeliness cabal, randomness, trial fuse and 

histogram for Ra 

From the contrivance of MRR and asperity with the trial travel, it 

is accomplished that they are repugnant in naturalness when MRR 

is limit crudeness is leas and error versa. The disposal also denote 

the fluctuating dispensation. We do see the trial hasten forsake 

product after a sequence of an above tend, imitate by a Dow tend. 

It involve the observations are fare diversified and are strong. 

 

Residual plots for MRR 

 

 
 

 
 

Table 14: Defuzzified values of productivity 

 

S.No a b ab c ac bc d Productivity 

1 1 1 1 1 1 1 1 0.32 

2 1 1 1 2 2 2 2 0.52 

3 1 2 2 1 1 2 2 1 

4 1 2 2 2 2 1 1 0.55 

5 2 2 2 1 2 1 2 0.54 

6 2 1 2 2 1 2 1 0.35 

7 2 2 1 1 2 2 1 0.33 

8 2 2 1 2 1 1 2 0.51 
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5. Conclusions 

The operation of diverse machining parameters are such as 

impulse on season, pulsate off era, bug satisfy, current berate and 

culminate common property have been premeditated through the 

machining of OHNS-02 Steel in custom to effect the higher 

productiveness in fluffy formal system are employment to 

improve the two product parameters. MRR periphery is perfect by 

score string spending rate and dimensional turning in S/N Ratio. 

Responses in each production argument with estimation to 

diversify made in input from the Taguchi-fluff supported on 

pulsate occurrent, respect motorcycle. MRR Increase in pulsation 

on repetition (TON) regard initially diminishes the MRR, but if 

TON is increased further, MRR wax gradually to a higher direct. 

MRR go very infirm and last hill for most of the TOFF 

(oscillation off) excellence. The best machining parameters 

recognized for exalted MRR are TON 122gs, TOFF 43gs, bug 

hurry l mm/minute, contributes voltage 10v.  Surface gruffness 

marginally increment with advance in TON and TOFF. The ideal 

machining parameters recognized to fluffy prescription for less 

epigene crudeness are TON 122tis, TOFF 43tis, bug celerity 

mm/fukkianese, contribute voltage 10v. Wear rate lengthen with 

extension in TON and TOFF. The fluff formal logic in ideal 

machining parameters recognized for higher veer rate is TON 

12811S, TOFF 50tts, score string dispatch 3mm/fukkianese, 

administer voltage 16v. Varying TOFF and current valuation 

register a leas dimensional veer of 0.07mm. The ideal machining 

parameters recognized for higher bear proportion are TON 

13111S, TOFF 53gs. Wire-hurry 4mm/min dialect, accommodate 

voltage 19v. 
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