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In this paper, the impact on material removal rate (MRR), surface roughness (Ra), 
machining time, and tool wear rate (TWR) with various input variables which are 
peak current (IP), pulse on time (Ton), pulse off time (Toff), gap voltage (Vg), and 
depth of cut during Electrical discharge machining (EDM) of brass 35 Zn was 
investigated. The optimization values have been obtained for (Ra), (MRR), 
(TWR),and machining time by utilizing the response surface methodology. 
Additionally, the materials parameters reactions were investigated and the level of 
significance of input parameters on the measured values was resolved utilizing the 
analysis of variance (ANOVA) technique. The deliberate reactions were in a decent 
concurrence with anticipated outcomes by utilizing the RSM method. High-
regression coefficients between the factors and responses (MRR), (Ra), (TWR) and 
machining time R2=99%, 91.7%, 96.7% and 94.3% separately show a magnificent 
assessment of empiricist data by the second-order polynomial abatement model. 
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1. Introduction 

Nonconventional operations are processes where 
there is no mechanical contact among tool and the 
piece of work, such as the electric discharge 
mechanism (EDM). EDM is otherwise called a spark 
that erodes thermo-electric nonconventional 
machining operations [1].At the point when the work 
material (Anode) and electrode (Cathode) the spark is 
delivered between them. Dielectric liquid is a swamp 
in which the piece of work is immersed. The die-
electric liquid will be fluid average; it does not 
conduct electric current. There is a different kinds of 
dielectric liquid-like oil-based, synthetic and 
vegetable-based. Additionally, the Electric Discharge 
mechanism has the sort that depends on the kind of 
machining the workpiece. The EDM types like 

smaller scale EDM, Die- sinking EDM, and Wire-cut 
EDM. The significant EDM parameters influencing 
the performance proportions of the procedure are 
current, pulse on time, pulse off time, gap, and depth 
of cut [2-3]. In EDM for ideal machining execution 
measures, it is a significant errand to choose a 
legitimate mix of machining parameters [4]. This 
method created in the late 1940s [5] where the 
procedure depends on removing material from a part 
by methods for a progression of rehashed electrical 
discharges among tool called the electrode and the 
piece of work in existence of a dielectric liquid [6]. 
The isolating result of die-electric is very remarkable 
in obviate electrolysis of the electrodes throughout 
the EDM method. Spark is started at the purpose of 
the tiniest among-electrode gap by a high voltage, 
overpowering the die-electric strength the collapse of 
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the tiny gap. When every discharge, the condenser is 
recharged from the DC supply by way of a resistance, 
and therefore the spark that pursues is moved to the 
following tightest gap. The total impact of the 
progression of diffusion of sparks the whole surface 
of the piece of work leads to corrosion it, or its 
formation into a form, which is almost an integral 
part of the apparatus [7]. Conventional processes in 
complete contrast with the procedure of fusion and 
vaporizing of the workpiece surface, where the chips 
are not mechanically manufactured. The magnitude 
of material removed per discharge is commonly in 
the zone of 10-6 – 10-4 mm3 and the material removal 
rate (MRR) is generally in the zone of 2 and 400 
mm3/min [8] relying upon explicit implementation. 
The formed electrode characterizes the zone in which 
the spark corrosion will happen, the precision of the 
piece manufactured after EDM is genuinely high. 
After everything, EDM is a procreative molding 
method, in which the type of electrode is reflected in 
the piece of work [9].Several forms of analysis have 
clarified the mechanism of material removal (MRM) 
in terms of the transmission of material parts between 
the piece of work and electrode. Soni and Chakraverti 
[10] showed a considerable quantity of parts 
dispersive from the electrode to the piece of work and 
the other way around. These parts transfer in solid, 
liquid, or vaporous state and mixed with the 
contacting surface by undergoing a solid, molten, or 
gaseous-stage response [11-12]. Besides, reversing 
the polarity of sparking changes the material removal 
development with associate considerable quantity of 
electrode material depositing on the part of work 
surface [13]. The tool wear process (TWP) is 
extremely just like the MRM because the tool and 
piece of work are thought of as a collection of 
electrodes in EDM. Mohri et al. [14] supposed that 
the corrosion of the instrument was influenced by the 
carbon precipitation from the hydrocarbon buffer to 
the electrode surface throughout the excitation 
process. In addition, they debate that fast erosion on 
the rim of the electrode was due to carbon foil 
deposition in exhaustion to succeed in the electrode 
areas. Mathematical and statistical strategies utilized 
in RSM; these procedures are valuable for modeling 
and analysis. Produce a relation between the input 
factors and the responses of the system and develop a 
correlation between them [15-16]. In recent years, 
Neelesh Singh et al. utilized RSM to research the 
machining performed in the EDM process [17]. They 
terminated that current increase MRR additionally 
increases. Debnath et al. concentrated on the Die 
Sinking EDM machining process and promote a 
mathematical typical for the surface roughness, tool 
wear rate, and metal removal rate. Literature needs a 

lot to state about the usage of EDM for machining 
Brass 35 Zn material, therefore, a need is required to 
highlight this method to accomplish mathematical 
typically to upgrade the technique execution. The 
current work features the improvement of numerical 
typically for associating the between connections of 
several EDM machining parameters of Brass 35 Zn 
material, for example, current, pulse on time, pulse 
off time, gap voltage and depth of cut on the material 
removal rate (MRR), surface roughness (Ra), 
machining time, and tool wear rate (TWR). This 
action sophisticated dependent on the response 
surface methodology (RSM).Arithmetical models 
equipped for exploratory data will contribute to 
determine the ideal procedure conditions. 

2. Experimental Procedure 

2.1. Material and methods 

Brass 35Znwas selected as the piece of work 
material with 50mm x 50mm x 15mm. Electrolytic 
copper taken as electrode material having a square 
shape of 15mmx15mm. The chemical composition of 
brass has been given in Table 1. The specimen and 
gadget electrode was swabbed by solvent before and 
when every experience so exsiccated with an 
appliance and weighed during a delicate electrical 
digital equipoise (Sartorius, type 1712) with 0.0001g 
resolutions to account the MRR and TWR by using 
the Equation 1. Surface roughness was measured as 
the arithmetic mean, Ra (μm). The value of Ra, also 
known as centerline average (CLA) or arithmetic 
mean (Ra) acquired by medium the height of the 
surface top and down the centerline. The Ra 
evaluated using the roughness tester of the TR-200 
surface. Ra values are acquired on the EDM surface 
by calculating the average surface roughness values 
taken in 6 different directions with a length of 8 mm. 
Scanning electron micrographs (SEMs) of the surface 
have also been machined on EDM were taken for 
EDM surfaces. 

 

𝑀𝑀𝑀𝑀𝑀𝑀,𝑇𝑇𝑇𝑇𝑀𝑀 =  
(𝑤𝑤𝑏𝑏 − 𝑤𝑤𝑎𝑎)

(𝐷𝐷𝐷𝐷𝐷𝐷)
                         (1) 

where, 

wb = weight of workpiece or electrode before 
machining in gm. 
wa= weight of workpiece or electrode after 
machining in gm. 
D = Densityof workpiece or electrode material in 
gm/mm3. 
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T =Time consumed for machining in a minute. 
 
Table 1. Chemical Composition of Brass 
 

Mat. Zn Cu Ni Pb Mn Fe Mg Si Al Cr 
Comp. % 34.6 48.9 1.9 7.3 0.041 1.36 0.0078 0.27 0.23 0.051 

 
Table 2. EDM Process Parameters and Levels 
 

Factors Symbol Levels Responses 
-2 -1 0 1 2 MRR (mm3/min),  

Ra (μm),  
TWR(mm3/min),  
Machining time 

(sec) 

Current Gap (A) A 3 8 13 18 23 
Ton (μs) B 200 250 300 350 400 
Toff (μs) C 50 60 70 80 90 
Depth of cut (mm) D 0.2 0.35 0.5 0.65 0.8 
Gap (volt) E 2 4 6 8 10 

 
Table 3. Experimental design matrix and results 
 

EXP. 
No. 

Factors Responses 
Current Ton Toff Gap D.O.C MRR Ra Tm TWR 

A μs μs V mm mm3/min μm Sec mm3/min 
1 8 250 250 4 0.65 14.1352 4.2515 691 0.4878 
2 18 250 250 4 0.35 50.9302 7.2537 100 8.7640 
3 8 350 350 4 0.35 16.3934 6.6218 366 0.1842 
4 18 350 350 4 0.65 56.8937 6.8630 168 6.0193 
5 8 250 250 4 0.35 13.8002 5.2858 364 0.9260 
6 18 250 250 4 0.65 53.8423 6.1762 184 5.1295 
7 8 350 350 4 0.65 14.3882 5.6040 674 0.6001 
8 18 350 350 4 0.35 50.4260 7.0275 101 5.3399 
9 8 250 250 8 0.35 11.9157 5.0807 404 0.3337 

10 18 250 250 8 0.65 42.5095 6.4470 215 5.9577 
11 8 350 350 8 0.65 14.9137 6.4318 683 0.1974 
12 18 350 350 8 0.35 40.3917 7.1047 114 3.5482 
13 8 250 250 8 0.65 10.5295 4.8528 921 0.3660 
14 18 250 250 8 0.35 38.5283 7.3835 134 3.0186 
15 8 350 350 8 0.35 10.0273 5.4750 494 0.2729 
16 18 350 350 8 0.65 40.0353 7.6067 237 1.9912 
17 3 300 300 6 0.5 2.7701 3.6602 2569 0.0525 
18 23 300 300 6 0.5 63.1856 7.8647 106 18.443 
19 13 200 200 6 0.5 27.9070 5.0575 280 1.4446 
20 13 400 400 6 0.5 30.1154 7.7828 278 0.2425 
21 13 300 300 6 0.5 30.8894 6.8152 262 1.2866 
22 13 300 300 6 0.5 25.0690 6.7527 295 2.5138 
23 13 300 300 2 0.5 34.5483 5.8227 208 1.9447 
24 13 300 300 10 0.5 23.1048 6.7180 308 0.6566 
25 13 300 300 6 0.2 25.1620 6.9450 122 1.6578 
26 13 300 300 6 0.8 28.4693 6.1335 397 1.3585 
27 13 300 300 6 0.5 28.8108 6.5963 247 1.6376 
28 13 300 300 6 0.5 28.3430 7.7310 256 1.0534 
29 13 300 300 6 0.5 30.2326 7.3245 240 1.9663 
30 13 300 300 6 0.5 28.0262 6.0393 234 1.7286 
31 13 300 300 6 0.5 28.9549 7.0315 253 1.3323 
32 13 300 300 6 0.5 28.3157 7.2507 239 1.1283 

 

2.2. Experimental planning 

Modeling variable response models that include 
independent quantitative variables and improving 
them because of the interaction of mathematical and 
statistical techniques, this known as RSM. In the 
current work peak current (Ip),pulse on time (Ton), 
pulse off time (Toff), gap voltage (Vg) and depth of 
cut (D) setting are chosen when acting some try out 
tests. Real values for data process parameters are 
noted in Table 2.Tests performed in a step with an 
experimental set up supported the (CCD) second-
order technique. The Central Composite 
Design(CCD) consists of two and a half operational 
points with 16 corner points, 8 pivotal points, and 6 
central point’s [18]. Table 3provides experiment 
matrix design that displays real and coded values of 
data method parameters. A second-order multinomial 
form can express the relationship amidst separate 
variables and responses. A widely used retraction to 
develop a surface response method with experimental 
data to describe the response in terms of variable is as 
follows: [19-21] 
 
𝑓𝑓 = 𝑎𝑎0 + ∑ 𝑎𝑎𝑖𝑖𝐷𝐷𝑖𝑖𝑛𝑛

𝑖𝑖−1 + ∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖−1 𝐷𝐷𝑖𝑖2 + ∑ 𝑎𝑎𝑖𝑖𝑖𝑖𝑛𝑛

𝑖𝑖<𝑖𝑖 𝐷𝐷𝑖𝑖𝐷𝐷𝑖𝑖+∈ 
 (2) 

 
The coefficient ao is the free term, aii indicates the 
quadratic effect of xi, ai indicates the linear effect of 
xi, aij indicates line-to-line interplay among xi, xj, and 
xi, xj are the design variables. The attachment 
coefficient (R2) value used to reach the fitness of the 
multinomial typical. Upon determining the 
importance and adequacy of the suggested type, the 
value (F) expectantly value, and sufficient accuracy 
did study. The truth of the CCD model used to 
optimize machining parameters tested using 
statistical tests [22-23]. This quadratic model allows 
one to locate the optimization area and explore the 
entire worker area. Using the outcomes in Table 3, 
the complete model can provide for the derived type. 

3. Results and discussion 

3.1. RSM – based model analysis 

RSM was made to make predictable replies to 
specific manufacturing agents. After conductinga 
mathematical study on the parameters and replies, 
Box-Behnken Design (BBD) based on RSM 
proposed a quadratureform for both surface 
roughness and energy. Study of variance (ANOVA) 
was done to verify the relative importance of current, 
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pulse on time, pulse off time, gap, and depth of cut, 
in relation to MRR, TWR, Ra and machine time 
responses. Furthermore, an exact and optimal 
interplay of parameters was restricted using 
arithmetical ANOVA. ANOVA outcomes for MRR, 
TWR, Ra and machine timeare in Tables 4,5,6 and 7, 
sequentially.From Table 4, it can be seen that the 
MRR pattern F value of 143.45 meansthat pattern is 
important. Just a 0.01% expectation that a "typical(F) 
value" of this magnitude will occur because "Prob > 
F" noise values less than 0.0500 meanthat the 
conditions of the pattern are important. MRR pattern, 
A, C, D, E, A2, AD are important pattern terms. 
Values higher than 0.1000 meanthat the pattern 
conditions are not large. The "Pred R-Squared" from 
0.9107 in a sensible deal with the "Adj R-Squared" 
from 0.9892. "Adeq Precision" measures indicative 
of noise ratio. A ratio higher than 4 is capable. A 
ratio of 51.873 means sufficient sign. The MRR 
model can, therefore, be done to steer the design 
area.Furthermore, from Table 5, the value of F for Ra 
model 6.08 means that the pattern is important. Just a 
0.19% probability of a "(F) value typical" of this 
magnitude due to noise. "Prob > F" value is less than 
0.0500 mean that form conditions are important. In 
this status, A, B, A2 are important pattern terms. 
Values in excess of 0.1000 mean the model 
conditions aren’timportant.The "Lack of fit (F) 
value" in 0.49 means that thelack of fit is suitable for 
pure error. There is a 79.60% probability that the 
"Lack of fit (F) value" canoccur this large volume 
due to noise. Inadequate fit is good, we want the 
pattern to fit.The "Pred R-Squared" of 0.1050 
isn’tclose to the "Adj R-Squared" of 0.7664 as one 
might usually require. This may mean a significant 
impact of the block or potentialtrouble with your 
form or information."Adeq Precision" measures the 
sign to noise ratio. A ratio higher than 4 is 
acceptable. The ratio of 9.384 means sufficient sign. 
The Ramodel canbe done to steer the design 
area.From Table 6,the value of F for TWR model of 
16.36 indicates that the pattern is important. Just a 
0.01% probability of a "(F) value typical" of this 
magnitude due to noise. "Prob > F" value is less than 
0.0500 mean that formconditions are important. In 
this status, A, B, D, A2, AC, AD are important 
pattern terms. Values in excess of 0.1000 mean that 
pattern conditions aren’t important. The 7.00 "Lack 
of fit (F) value" indicates a lack of fit. Just a 2.48% 
probability that the "F-value is not appropriate" of 
this magnitude due to noise. The "Pred R-Squared" of 
0.2377 isn’t close to the "Adj R-Squared" of 0.9084 
as one might usually require. This may mean a big 

block or potentialtrouble with the givenform and 
information. "Adeq Precision" measures the sign to 
noise ratio. A ratio higher than 4 is acceptable. The 
ratio of 16.487 means sufficient sign. The TWR 
model can be done to steer the design area.From 
Table 7, the F-value 9.22 mechanical run-time model 
indicates that tha pattern is important. Just a 0.03% 
expectation that a "typical (F) value" of this sizewill 
occur due to noise. "Prob > F" value is less than 
0.0500 mean that form conditions are important. In 
this status, A, E, A2 are important pattern terms. 
Values in excess of 0.1000 mean that pattern 
conditions aren’t important. The 341.95 "Lack of 
fit (F) value" indicates a significant lack of fit. Just a 
0.01% expectation that the"F-value is not 
appropriate" for this large volume due to noise. The 
negative "Pred R-Squared" indicates that the overall 
average is a better indicator of your response than the 
current pattern. "Adeq Precision" measures the sign 
to noise ratio. A ratio higher than 4 is acceptable. The 
ratio of 13.498 means sufficient sign. Theform can be 
done to steer the design area. 
𝑀𝑀𝑀𝑀𝑀𝑀 = + 28.64 + 16.18𝐴𝐴 + 0.49𝐵𝐵 − 1.17𝐶𝐶

− 3.54𝐷𝐷 + 0.89𝐸𝐸 + 1.19𝐴𝐴2
+ 0.20𝐵𝐵2 − 0.060𝐶𝐶2 + 0.15𝐷𝐷2

− 0.35𝐸𝐸2 − 0.21𝐴𝐴𝐵𝐵 + 0.045𝐴𝐴𝐶𝐶
− 2.46𝐴𝐴𝐷𝐷 + 0.70𝐴𝐴𝐸𝐸 − 0.68𝐵𝐵𝐶𝐶
− 0.22𝐵𝐵𝐷𝐷 + 0.20𝐵𝐵𝐸𝐸 − 0.29𝐶𝐶𝐷𝐷
− 0.18𝐶𝐶𝐸𝐸 − 0.037𝐷𝐷𝐸𝐸               (3) 

𝑀𝑀𝑎𝑎 = + 6.99 + 0.86𝐴𝐴 + 0.48𝐵𝐵 − 0.032𝐶𝐶 + 0.13𝐷𝐷
− 0.19𝐸𝐸 − 0.30𝐴𝐴2 − 0.14𝐵𝐵2
− 0.049𝐶𝐶2 − 0.18𝐷𝐷2 − 0.11𝐸𝐸2
− 0.21𝐴𝐴𝐵𝐵 + 0.11𝐴𝐴𝐶𝐶 + 0.072𝐴𝐴𝐷𝐷
− 0.022𝐴𝐴𝐸𝐸 − 0.12𝐵𝐵𝐶𝐶 − 0.018𝐵𝐵𝐷𝐷
+ 0.22𝐵𝐵𝐸𝐸 + 0.072𝐶𝐶𝐷𝐷 + 0.071𝐶𝐶𝐸𝐸
+ 0.22𝐷𝐷𝐸𝐸                                     (4) 

𝑇𝑇𝑇𝑇𝑀𝑀 = + 1.39 + 2.30𝐴𝐴 − 0.38𝐵𝐵 − 0.22𝐶𝐶 − 0.60𝐷𝐷
− 0.093𝐸𝐸 + 0.91𝐴𝐴2 − 0.069𝐵𝐵2
+ 0.20𝐶𝐶2 + 0.046𝐷𝐷2 + 0.097𝐸𝐸2
− 0.32𝐴𝐴𝐵𝐵 − 0.61𝐴𝐴𝐶𝐶 − 0.61𝐴𝐴𝐷𝐷
− 0.094𝐴𝐴𝐸𝐸 + 0.27𝐵𝐵𝐶𝐶 − 0.031𝐵𝐵𝐷𝐷
+ 0.035𝐵𝐵𝐸𝐸 − 0.058𝐶𝐶𝐷𝐷
− 0.081𝐶𝐶𝐸𝐸 + 0.27𝐷𝐷𝐸𝐸               (5) 

𝑀𝑀𝑎𝑎𝑀𝑀ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝐷𝐷𝑖𝑖𝑡𝑡𝑖𝑖 = + 254.16 − 261.25𝐴𝐴 − 7.50𝐵𝐵
+ 18.08𝐶𝐶 + 31.42𝐷𝐷 + 93.58𝐸𝐸
+ 138.84𝐴𝐴2 − 0.78𝐵𝐵2 − 0.91𝐶𝐶2
− 6.03𝐷𝐷2 − 5.66𝐸𝐸2 + 9.38𝐴𝐴𝐵𝐵
− 15.63𝐴𝐴𝐶𝐶 − 16.25𝐴𝐴𝐷𝐷
− 61.63𝐴𝐴𝐸𝐸 − 1.12𝐵𝐵𝐶𝐶 − 7.25𝐵𝐵𝐷𝐷
− 20.12𝐵𝐵𝐸𝐸 + 23.25𝐶𝐶𝐷𝐷 + 9.38𝐶𝐶𝐸𝐸
+ 7.75𝐷𝐷𝐸𝐸                                    (6) 
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Using the on top ofmodels, the empiricist and 
expected information are planned in Figures 1, 2, 3 
and 4 for MRR, Ra,TWR and machining time, 
respectively. These numbers and ANOVA for MRR, 
Ra, TWR and machining time registered that the 
rules, Equations 3, 4, 5 and 6 were extremely 
important and represented to appear the 
specialconnection among the data parameters and 
responses, with very little P values (<0.05) and 
medium values. To determine stability (R2=0.9962 
for MRR,R2=0.9171 for Ra,R2=0.9675 for TWR, 
andR2=0.9437 for machining time). In addition, 
improved restraint surface types for MRR, Ra, TWR 
and machining time were examined using residual 
analysis. 
Table 4. Analysis of variance table for (MRR) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Predicted response (MRR) related to the 
measured response 

 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.2 Predicted response (Ra) related to the measured 

response 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3 Predicted response (TWR) related to the 

measured response 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4 Predicted response (machine time) related to 

the measured response 
 

Source Sum of 
Squares DF Mean 

Square F Value Prob> F 

Model 6804.32 20 340.22 143.45 < 0.0001 Significant 
A 6281.88 1 6281.88 2648.73 < 0.0001 
B 5.70 1 5.70 2.40 0.1494 
C 33.01 1 33.01 13.92 0.0033 
D 299.95 1 299.95 126.47 < 0.0001 
E 19.17 1 19.17 8.08 0.0160 
A2 41.51 1 41.51 17.50 0.0015 
B2 1.15 1 1.15 0.48 0.5009 
C2 0.11 1 0.11 0.045 0.8365 
D2 0.68 1 0.68 0.28 0.6042 
E2 3.61 1 3.61 1.52 0.2428 
AB 0.72 1 0.72 0.31 0.5914 
AC 0.032 1 0.032 0.014 0.9091 
AD 96.51 1 96.51 40.69 < 0.0001 
AE 7.80 1 7.80 3.29 0.0970 
BC 7.46 1 7.46 3.15 0.1038 
BD 0.77 1 0.77 0.32 0.5804 
BE 0.62 1 0.62 0.26 0.6192 
CD 1.39 1 1.39 0.59 0.4602 
CE 0.49 1 0.49 0.21 0.6574 
DE 0.021 1 0.021 9.006E-003 0.9261 

Residual 26.09 11 2.37   
Lack of Fit 22.97 6 3.83 6.14 0.0325 
Pure Error 3.12 5 0.62   
Cor Total 6830.40 31    
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Table 5. Analysis of variance table for (Ra) 

 
Table 6. Analysis of variance table for (TWR) 

 
 
 
 
 
 

Table 7. Analysis of variance table for (machine time) 

3.2. Parametric influences and analysis 

The parametric dissection needs to be conveyed 
out to ponder the impacts of the enter transform 
parameters, for example, such that peak current (IP), 
pulse on time (Ton), gap voltage (Vg) and depth of cut 
on the procedure responses, i.e., Ra, MRR, TWR, and 
machining time. Three-dimensional reaction surface 
plots were structured given those RSM quadratic 
models will survey the transform for reaction surface. 
These plots could likewise provide for a further 
seeing of the relationship between those information 
transform parameters and reactions. 

3.2.1. Effect of process parameters on MRR 

To analyze the models precisely, 3D charts are 
created in the design expert program. The 3D charts 
Figures 5-8 show a visual analysis of the individual 
and relative influences of data parameters such as 
Time on, current, time off, gap and depth of cut on 
metal removal rate.Fig. 5shows the effect of the 
interaction between operational time on and current 
on MRR. It was observed that MRR rapidly increases 

Source Sum of 
Squares DF Mean 

Square F Value Prob> F 

Model 31.39 20 1.57 6.08 0.0019 significant 
A 17.80 1 17.80 69.01 < 0.0001 
B 5.47 1 5.47 21.19 0.0008 
C 0.025 1 0.025 0.095 0.7634 
D 0.40 1 0.40 1.54 0.2402 
E 0.89 1 0.89 3.45 0.0901 
A2 2.72 1 2.72 10.54 0.0078 
B2 0.57 1 0.57 2.23 0.1637 
C2 0.070 1 0.070 0.27 0.6117 
D2 0.92 1 0.92 3.58 0.0851 
E2 0.36 1 0.36 1.38 0.2648 
AB 0.69 1 0.69 2.67 0.1304 
AC 0.18 1 0.18 0.70 0.4222 
AD 0.082 1 0.082 0.32 0.5845 
AE 7.801E-003 1 7.801E-003 0.030 0.8651 
BC 0.24 1 0.24 0.94 0.3522 
BD 5.435E-003 1 5.435E-003 0.021 0.8872 
BE 0.79 1 0.79 3.06 0.1081 
CD 0.083 1 0.083 0.32 0.5826 
CE 0.081 1 0.081 0.31 0.5874 
DE 0.80 1 0.80 3.12 0.1050 

Residual 2.84 11 0.26   
Lack of Fit 1.05 6 0.17 0.49 0.7960 
Pure Error 1.79 5 0.36   
Cor Total 34.22 31    

Source Sum of 
Squares DF Mean 

Square F Value Prob> F 

Model 181.93 20 9.10 16.36 < 0.0001    significant 
A 126.88 1 126.88 228.26 < 0.0001 
B 3.55 1 3.55 6.39 0.0281 
C 1.21 1 1.21 2.18 0.1678 
D 8.57 1 8.57 15.42 0.0024 
E 0.21 1 0.21 0.38 0.5527 
A2 24.15 1 24.15 43.45 < 0.0001 
B2 0.14 1 0.14 0.25 0.6274 
C2 1.12 1 1.12 2.02 0.1834 
D2 0.061 1 0.061 0.11 0.7470 
E2 0.28 1 0.28 0.50 0.4938 
AB 1.63 1 1.63 2.94 0.1145 
AC 5.97 1 5.97 10.74 0.0074 
AD 5.89 1 5.89 10.60 0.0077 
AE 0.14 1 0.14 0.26 0.6232 
BC 1.19 1 1.19 2.14 0.1719 
BD 0.016 1 0.016 0.028 0.8693 
BE 0.020 1 0.020 0.036 0.8534 
CD 0.054 1 0.054 0.097 0.7614 
CE 0.11 1 0.11 0.19 0.6707 
DE 1.16 1 1.16 2.09 0.1757 

Residual 6.11 11 0.56   
Lack of Fit 5.46 6 0.91 7.00 0.0248 
Pure Error 0.65 5 0.13   
Cor Total 188.04 31    

Source Sum of 
Squares DF Mean 

Square F Value Prob> F 

Model 2.557E+006 20 1.279E+005 9.22 0.0003 
significant 

A 1.638E+006 1 1.638E+006 118.13 < 0.0001 
B 1350.00 1 1350.00 0.097 0.7609 
C 7848.17 1 7848.17 0.57 0.4677 
D 23688.17 1 23688.17 1.71 0.2179 
E 2.102E+005 1 2.102E+005 15.16 0.0025 
A2 5.655E+005 1 5.655E+005 40.78 < 0.0001 

B2 18.03 1 18.03 1.301E-
003 

0.9719 

C2 24.24 1 24.24 1.748E-
003 

0.9674 

D2 1068.03 1 1068.03 0.077 0.7865 
E2 939.41 1 939.41 0.068 0.7995 
AB 1406.25 1 1406.25 0.10 0.7561 
AC 3906.25 1 3906.25 0.28 0.6061 
AD 4225.00 1 4225.00 0.30 0.5920 
AE 60762.25 1 60762.25 4.38 0.0603 

BC 20.25 1 20.25 1.460E-
003 

0.9702 

BD 841.00 1 841.00 0.061 0.8100 
BE 6480.25 1 6480.25 0.47 0.5084 
CD 8649.00 1 8649.00 0.62 0.4464 
CE 1406.25 1 1406.25 0.10 0.7561 
DE 961.00 1 961.00 0.069 0.7972 

Residual 1.525E+005 11 13866.96   
Lack of 

Fit 
1.522E+005 6 25360.96 341.95 < 0.0001 

Pure 
Error 

370.83 5 74.17   

Cor Total 2.710E+006 31    
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at a higher level of time on. While also Fig.6showed 
that MRR increases rapidly at a lower level of time 
on. Thus, the input energies are distributed over a 
variety of differentials, which does not lead to any 
individual overabundance in causing a physical 
breakdown or the development of a prosperous 
discharge. Fig.7 shows the effect of the interaction 
between depth of cut and current on MRR. The MRR 
increases rapidly at a lower depth of cut while the 
MRR decreases in less current. Fig. 8 shows the 
effect of interaction between the operational gap and 
current on MRR. It is showed that MRR increases 
rapidly at a high level of gap. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5 3D response surface plot of MRR Vs. 
operational time on and current 

 
 
 
 
 
 
 
 
 
 
 

Fig.6 3D response surface plot of MRR Vs. 
operational time off and current 

 
 
 
 
 
 
 
 
 
 
 

Fig.7 3D response surface plot of MRR Vs. 
operational depth of cut and current 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.8 3D response surface plot of MRR Vs. 
operational gap and current 

3.2.2. Effect of process parameters on TWR 

Electrode erosion affects the dimensional accuracy 
of component parts due to die-sinking EDM method 
that the projection manufactures. A mix of the 
physical and mechanical thermal properties of its 
components, of course, determines the electrical wear 
resistance of EDM tools. The effects of time on and 
current on TWR, whereas protecting the opposite 
parameter at the center level, are shown in surface 
plot Fig. 9supports RSM pattern. The nonlinear fact 
of the difference of TWR with Ton and current has 
been discovered. The surface diagrams show the 
TWR is minimal when current and high Ton 
decreases. Form the surface diagram, it was found 
that the modification in peak current plays an 
important position in negotiating a lower amount of 
TWR rather than a high Ton. As noted on top of, a 
rise in peak current ends up in a rise within the rate of 
warmth energy, which is submitted to each of the 
electrodes, and within the average of melting and 
vaporization [24]. 
  
 
 
 
 
 
 
 
 
 
 

 
Fig.9 3D response surface plot of TWR as a function 

of operational time on and current 
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3.2.3. Effect of process parameters on Ra 

Fig. 10 shows that Ra will increase with Ton and 
Toff. Fig. 11 reveals that Ra will increase with 
decrease in Ton and increase in current. If there is a 
rise in Ton, Ra will increase due to the prolonged 
result of a high intensity spark i.e., the amount of 
additional discharged energy for each spark reaches 
the surface. This energy causes a fraction of the 
sample to soften and evaporate. Nonconductor wipes 
out a small part of melted material while the molten 
hot metal evaporates that ends in the formation of a 
larger hole that makes a rough surface [25]. Besides, 
this high discharge energy within the spark of the 
surface placement produces deeper and wider pits. 
Obviously, deep drilling can give high Ra. On the 
opposite hand, a lower pulse on-time results in a 
decrease in Ra worth. The mechanism behind this 
theory is a smaller amount of discharge energy for 
each spark leading to shallow hole made on the 
surface. The cavity ends up as low as Ra but these are 
not the surface of the electric sand. Thus, to get an 
improved surface finish each pulse on time and peak 
current ought to be unbroken as minimal as attainable 
[26]. Together it is clear that if there is a rise in a 
number of means, Ra will increase. The cause of this 
trend is the result of less diversity of discharges that 
occurto a specific amount, which results in a small 
low range of drilling and reduced small damage to 
the surface. Thus, the value of Ra worth depends 
on the dimensions of the hole. As a result, the surface 
quality is healthier and of low value. To obtain a 
decent surface end, Toff ought to be unbroken as most 
as attainable [27]. Thus, the irregular variation within 
the surface roughness is simple. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.10 3D response surface plot of Ra as a function of 

operational time off and time on 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.11 3D response surface plot of Ra as a function of 
operational time on and current 

4. Scanning Electron Micrograph 

SEMs of Brass surface after EDM are presented in 
Figures 12-13which display the differences between 
the surfaces finishes values obtained under different 
machining conditions. Fig.12 shows a surface 
roughness micrograph of 3.6602 μm value machined 
using a peak current (Ip) of 3 A, a gap voltage of 6 v, 
a depth of cut of 0.5 mm, a pulse on time (Ton) of 300 
μs and a pulse off time (Toff) of 70 μs. Likewise, 
Fig13displays a surface finish micrograph with a 
value of 7.8647 μm obtained using a peak current (Ip) 
of 23 A, a gap voltage of 6 v, a depth of cut of 0.5 
mm, a pulse on time (Ton) of 300 μs and a pulse off 
time (Toff) of 70 μs. 
 
 
 
 
 
 
 
 

 
Fig.12 Surfaces roughness micrograph  

Ra = 3.6602 µm 
 
 
 
 
 
 
 
 
 

Fig.13 Surfaces roughness micrograph 
Ra = 7.8647 µm 
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5. Process multi-response optimization 

A single reaction advance standard gives to those 
single persons the individual's best determination. 
However, practically of the multi-response issues, 
done essence, amplification ought an accumulated 
beginning for guaranteeing best resolutions similarly 
repudiated particular body for proof flawless 
following impact. Inside those gift work, four 
reactions seen as immaculate i. e. MRR, Ra, 
machining time, also TWR. Of the gathering purpose, 
the individuals simplest blending starting with 
guaranteeing parameter level ought will turn out the 
people best MRR, least Ra, and any rate concerning 
illustration-machining time, also build TWR. Specific 
case best determination will not serve our purpose, 
similarly, these keep tabs need help smashing a 
secured close-by manner. Conjointly those people 
choice from attesting MRR, Ra, machining time, 
likewise TWR relies on the client also nature's area 
of the issue. In this paper, four reactions i. e. MRR, 
Ra, machining time, Besides TWR were optimized of 
the same plausibility ill-use settled on models, i. e. 
Equations 3, 4, 5 and 6 upheld composite appeal 
change framework. The completed response, 
improvement, a go-ahead for off regardless of those 
people responses have fulfilled the joined focuses for 
each particular case response, ought to settle on 
guaranteed. Derringer and Suich [28] delineated a 
multiple response technique known as desire. It is a 
pretty technique for businesses to improve many 
distinctive quality problems. This tactic makes the 
employing the affiliated target, D (X), known as the 
desired desire (utility transfer function),converts a 
computable response to a scale-free price (di) called 
desire. It believed that the problem set with the 
maximum overall approval is the optimal parameter 
conditions. The synchronous goal performs may be 
average value of all reworked responses. Fig 14 
represents the improved charts of the four responses 
(MRR, Ra, machining time, and TWR) and 
additionally the improvement outcomes. The 
perpendicular lines within the cells appear current 
optimum constant quantity settings, and therefore the 
horizontal dotted lines appear this response values. 
The worth of combined usefulness (D) exerted as 
zero to one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14Multi response optimization results 

5.1. Confirmation test 

When the optimum grade of the method variables 
was chosen, the ultimate step is to prophesy and 
confirm the improvement of the performance 
property victimization, the optimum level of 
operating parameters. Experiments performed on the 
device and verified the EDM, die-sinking at the 
higher than optimum input constant quantity setting 
for MRR, Ra, machining time, and TWR, were 
matched with optimum response values. The 
discovered MRR, Ra, machining time, and TWR of 
the empiricist outcomes are 28.640 mm3/min, 
6.991μm, 276.886 sec, and 1.5899mm3/min, 
severally. Table 8illustrates the error lifetime ratio for 
experimental verification of improved models of 
responses with the optimal constant quantity 
throughout the die-sinking operation in EDM for 
brass35 Zn. From Table 8, it will be discovered that 
the estimated error is tiny. The errors among 
empiricist values and the expected values for MRR, 
Ra, machining time and TWR lie at intervals 2.1, 2.9, 
4.9 and 2.2%, respectively. This confirms very good 
reproduction of experimental conclusions. 

 
Table 8. Experimental validations of the developed models with 

optimal parameters 

 

Responses Predicted Experimental Error (%) 
MRR (mm3/min) 28.640 28.702 2.1 
Ra (μm) 6.991 7.0125 2.9 
Machining time (sec) 276.886 278. 258 4.9 
Tool wear rate (mm3/min) 1.589 1.625 2.2 
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6. Conclusions 

In this paper, the impact of tested EDM 
parameters, specific peak current, pulse on time, time 
off, depth of cut and gap on metal removal rate, 
surface roughness, machining time, and Tool wear 
rate were investigated tentatively and statistically 
through reaction surface technique and ANOVA. 
Particular discoveries from claiming this examination 
incorporate the following: 

 
• The expected values similar to the empiricist 

values fairly well, with R2 of 0.9962 for MRR, R2 
of 0.9171 for Ra, R2 of 0.9437 for machining time, 
and R2 of 0.9675 for TWR. 

• Peak current might have been found to be the vast 
majority significant component influencing the 
MRR, Ra, machining time and TWR. 

• The ideal consolidation for parameter settings may 
be the peak current 21.314 A, time on 300 μs, time 
off 300 μs, depth of cut 0.65μm and gap 4 mm for 
accomplishing those needed higher MRR, lower 
Ra, lower machining time and lower TWR. 

• The lapse between the experimental results about 
during the ideal settings and the predicted values 
for MRR,Ra, machining time, and TWR lie within 
2.1, 2.9, 4.9, and2.2%, respectively. This confirms 
the phenomenal reproducible of the test 
conclusions. 
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