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ABSTRACT 

Materials are in high demand because of the constant force to enhance the functionality of structural, 

aeronautical, and automotive parts. Consequently, it motivates the discovery and manufacture of composite 

materials. Aluminum metal matrix composites employ in the automotive and aerospace industries due to their 

high strength-to-weight ratio and wide range of acceptable mechanical and tribological qualities. This study 

analyzed the surface sticks of AA6063-B4C composites that cryogenically treatfor their ED machining 

capabilities. Stir casting is one of the liquid metrological methods employed to create B4C particle-reinforced 

aluminum metal matrix composites—different soaking times in liquid nitrogen on the samples (13, 26 & 39 

hours). Various inputs, such as soaking time (SoT), electrode gap (Gap), Current, Pon (Pulse ON time), and Poff 

(Pulse OFF time), were studied about the outputs of material removal (MR) rate, tool wear (TW) rate, and 

surface roughness (Ra). It observesby experiment that Current is one of the most influential parameters for ED 

machining.  

Keywords: AA6063, B4C, soaking time, Pulse ON time, Pulse OFF time, MR rate, L27 orthogonal array  

1. INTRODUCTION  

The medical, automotive, and aerospace 

industries have recently increased their demand 

for structural materials, focusing on weight[1]. Car 

manufacturers have begun using lighter-weight 

materials to save money at the gas pump. 

Aluminum alloys are crucial in modern industries 

because of their low density, high strength, high 

corrosion resistance, and outstanding thermal 

surface sticks[2], [3]. Aluminum alloys 

strengthened with rigid materials produce 

composites with superior strength and improved 

features. The material's mechanical and thermal 

properties improve if reinforcement particles add 

to a base metal alloy[4], [5].  

Aluminum metal matrix composites (Al-

MMC) typically use Al2O3, B4C, SiC, TiB2, and Mg as 

reinforcement particles due to their unique 

properties[6]. Low density, higher strength-to-

weight ratio, wear-based resistances, lower 

chemical reactions, etc., make it ideal for 

producingaviation and automotive components[7]. 

It isnot easy to machine these materials using 

traditional methods because of how well they stick 

together.  

Before CNC, traditional machining 

operations relied on a shearing approach to 

remove material[8]. Higher interface temperatures 

achieve during the shearing process by creating an 

interface between the workpiece (W/P) and the 

tool (T)[9], [10]. This high temperature causes 

premature tool failure, poor surface polish, and a 

lack of dimensional precision in the finished 

components[11], [12]. These issues have prompted 

many sectors to use alternative machining 

techniques[13]. Table 1 summarizes the many 

kinds of unconventional machining 

techniques[14], [15]. Electrical discharge 

machining is a subset of the unconventional 

machining techniques used for working with 

electrically conductive hard materials (ED 

machining)[16]. Thermoelectric energy employs to 

extract the material from W/P in this machining 

process. Electrical discharge energy at a high 

frequency erodes the material by creating a gap 

between two spatially separated electrodes (one T 

and one W/P). Dielectric fluid utilizes to cool the 
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electrode and W/P and to flush away eroded 

particles that have fallen in the spaces between the 

electrodes [17], [18]. ED machining can process 

various parts, including those with intricate details 

and irregular contours, such as those used in the 

aerospace and medical industries, and forging 

tools, press tools, extrusion dies, and internal 

components with detailed profiles[19]. ED 

machining displays excellent dimensional 

precision for complex design components. ED 

machining is used in the aerospace industry to 

create intricate profile dies and associates [20].  

Table 1. Non-conventional machining 

process. 

1 Mechanical 

machining 

a. Abrasive Jet 

Machining (AJM) 

b. Ultrasonic 

Machining (USM) 

c. Water Jet Machining 

(WJM) 

d. Abrasive Water Jet 

Machining (AWJM) 

2 Chemical Machining a. Chemical Milling 

(CM) 

b. Petro Chemical 

Milling (PCM) 

3 Electro-Chemical 

machining 

a. Electro Chemical 

Machining (ECM) 

b. Electro Chemical 

Grinding (ECG) 

c. Electro Jet Drilling 

(EJD) 

4 Electro - Thermal 

Machining 

a. Electro Discharge 

Machining (EDM) 

b. Laser jet Machining 

(LJM) 

c. Electron beam 

Machining (EBM) 

 

The figures in Figures 1 and 2 show the ED 

machining process, with the variables that affect 

the performance and quality of the methodoffered. 

Therefore, the primary objective of ED machining 

is to maximize the I/P and O/P values. The 

procedures' final results explain the MR rate, TW 

rate, Ra, and radial overcut. Brass and Copper are 

used as electrodes in electrical discharge 

machining  because they have high electrical 

conductivity[21]–[23]. Graphite's high melting 

point, strong wear resistance, and conductivity 

make it a popular choice as an electrode material 

for many tools [24]. This paper first discusses the 

history of studies on ED machining of metal matrix 

composites, then details the considerations that 

went into the study, and lastly presents the 

experimental design and results of a Taguchi 

analysis.  

 

Figure 1. EDM setup. 

 

Figure 2. EDM Process. 

By employing the stir casting technique, 

researchers created MMC samples based on 

AA6063 –B4C. Machining rates (MR and TW) and 

other parameters are studied and compared to 

those achieved by traditional and rotary ED 

machining[25]. For both ED machining procedures, 

a machining time of 10 minutes and a variety of 

additional parameters, including Current (3, 5, 7, 9, 

11), pulse time (50, 100, 150, 200, 250), and duty 

cycle (0.50, 0.55, 0.60, 0.65, 0.70), are considered. 

The tool rotation speed in rotary ED machining is 

held constant at 500 rpm. The MR and TW rates 

decreased with increasing pulse time. Boosting the 

current and the duty cycle raises the MR and TW 

rates, respectively[26]. The MR rate and Electrode 

wear rate of rotational ED machining is reduced 

compared to traditional ED machining [27], [28].  



Journal of Harbin Engineering University                                                                                       Vol 44 No. 7  

ISSN: 1006-7043              July 2023  

2144 

 

Input parameters (Current, gap voltage, Pon, 

Poff, and fluid pressure) study by the author of[29] 

found that Current and Pon strongly influence both 

MR rate and TW rate during ED machining of 

AA6063 material. The fluid pressure, current, Poff 

voltage, and gap voltage contribute to the 

aforementioned geometrical flaws. Researcher 

of[30]analyzed the parameters of the ED 

machining process using AA6063 as the work 

material. Peak current (6, 12, 18V), Voltage gap (50, 

60, 70), Pon (75, 100, 150s), Flushing pressure (0.5, 

0.7, 0.9 kgf/cm 2), and machining depth as 0.5mm 

were taken into account for this analysis. The MR 

rate, the L27 OA, and ANOVA methods employ to 

analyze the data, and the ANN utilizes to find the 

optimal model. Current (80, 120, 160V), Pon (110, 

115, 120s), and Poff (40, 50, 60Hz) employ during 

Wire cut ED machining of 10% TiO2 particles 

supplemented via stir casting with AA6063. The 

study found that Current -150A, Pon -112s, and 

Poff -50s provided the best values for MR rate and 

Ra. Current (51.96%), Pon (34.59%), and Poff 

(12.21%) dominate the output parameters, and 

42.8% of the composite preference was reached 

[31].  

The effect of machining factors on ED 

machining of AA6063 in both stationary and rotary 

modes analyze, and it initiates that the MR rate and 

Ra are more significant in the latter[32], [33]. 

There is a correlation between Poff, Spark gap, and 

MR rate [34], and Poff, peak current, and a 

correlation to Ra. The output parameters of ED 

machining analyze after being applied to 

constructed B4C reinforced AA6063 MMC. The 

results, which used a copper rod as the tool 

electrode, show that the TW rate and current affect 

the MR rate and Ra as a function of the tool life. Pon  

affects how researchers [35]evaluate how well the 

ED machining process performs. The effect of ED 

machining input parameters on red mud-

reinforced AA6063 metal matrix composite output 

parameters examines by the author of [36]. After 

considering all of the input parameters used in ED 

machining, the author [37]has determined that 

discharge current and Pon are the two most crucial. 

To create AA6061 MMC, 10% Al2O3 was used in a 

stir casting method. Machining parameters 

included a Discharge current of 6, 10, 14 A, a Pon of 

75, 100, and 200s, and a Duty factor of 50, 60, and 

70, respectively, to produce the desired results in 

the samples using ED machining. The Taguchi 

method employs to achieve optimality in 

experimental design and provide conclusions 

about the relationship between the parameters 

[38].  

An LM6 aluminum metal matrix alloy was 

stir-cast with Al2O3 particles added at a 10% 

reinforcement level. Due to considerationof the 

operating parameters and the samples were 

machined using ED machining. The most critical 

factors, in this case, are outlined by Taguchi basis 

of L27 OA [39]. Author of[40]experimented on 

fabricating AA6061 MMC with SiC and Gr particle 

inclusions via stir casting. From those results, they 

derived a mathematical model relating to the 

operating and used the ANOVA method to analyze 

the significance of those parameters. The MR rate, 

TW rate, and Ra parameters were all found to be 

affected by the input parameters. Taguchi analysis 

determines the optimal input parameters for ED 

machining of AlSi 10Mg hybrid metal matrix 

composites with Alumina and Graphite 

reinforcement. The MR and TW rates were affected 

by flushing pressure [41].  

The current study of cryogenically treated 

AA6063-B4C metal matrix composite involved 

experimenting with machining factors such as 

Cryogenic soaking time, Electrode Gap, Current, 

Pon, and Poff from earlier literature. Components 

such as aircraft fittings, missile parts, cooking 

utensils, window frames, and bicycle frames can all 

fabricate using this composite.  

2. MATERIAL AND PREPARATION 

Aluminum metal matrix composites can be 

stir-cast in various manufacturing processes, and 

the method is simple and cost-effective. In Table 

2,researchers see AA6063's chemical composition. 

The most challenging reinforcing particles blend in 

a stir casting technique at the molten stage. Figure 

3 depicts the stir casting setup, and Table 3 lists 

some key process parameters. Matrix AA 6063 is 

cut into pieces and tossed into the oven. It is heated 

in a furnace to just over its melting point to liquefy 
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the matrix material completely. To reinforce the 

metal in this research, 6% boron carbide add after 

heating to 350°C. After the matrix material heat to 

a liquid state, the particles are added and stirred 

constantly for up to three or four minutes to ensure 

a thorough mixture. Pouring the molten metal 

mixture into the mold produces a composite 

specimen that can be removed from the mold once 

it has cooled. The guaranteed minimum size of the 

solidified example is 100 mm on all sides and 10 

mm in thickness. The samples are thoroughly 

cleaned after mechanical testing and immersed in 

deep cryogenic treatment for 13, 26, or 39 hours.  

Table 2. Chemical composition ofAA 

6063. 

Materials Si Fe Mn 
M
g 

Cr 
Z
n 

Ti Al 

Wt % 
0.
63 

0.
83 

0.06
9 

0
.
3
8 

0.0
17 

0.
16 

0.
02
9 

re
m
ai
ni
ng 

 

 

Figure 3. Stir casting setup. 

Table 3. Stir casting processingfactors. 

S.No Factors Value 

1 Stirring time (min) 5 

2 

The preheated temperature 

of reinforcement particles 

(°C)  

900 

3 Blade angle (°) 30 

4 Spindle speed(rpm) 650 

3.1 Selection of Design Factors 

Pulse ON time, Pulse OFF time, duty factor, 

machining voltage, polarity, discharge gap, and die 

electric fluid flushing pressure are only some of the 

machining parameters selected for study 

throughout the ED machining process. Evaluation 

of the ED machining procedure concerning the MR 

rate, the TW rate, and the quality of the machined 

surface. The following variables -are taken into 

account in this experimental study (i)SoT for W/P; 

(ii) Pon; (iii) Gap; (iv) Poff; and (v) Current. Table 4 

lists the control factors and their corresponding 

values throughout the various levels. Table 5 

shows the experimental layout that develops using 

the values of the control variables.

 

Table 4. Control factors and their values. 

Code of Input 

Parameters 

Input 

Parameters 
Unit Representation 

Level 

1 

Level 

2 

Level 

3 

A Soaking Time Hrs 

Time duration of 

cryogenic treatment 

of W/P material 

13 26 39 

B 
Electrode 

Gap 
mm 

The gap between the 

tool electrode and 

W/P electrode 

0.3 0.6 0.9 
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C Current A 

The maximum 

intensity of discharge 

current 

70 110 150 

D 
Pulse ON 

Time 
ms 

Allowed period for 

current flow in the 

electrode and W/P 

130 140 150 

E 
Pulse OFF 

Time 
ms 

Interval time between 

the successive spark 
80 90 100 

 

Table 5. Processingfactors with specified levels. 

S. No A B C D E 

1 1 1 1 1 1 

2 1 1 1 1 2 

3 1 1 1 1 3 

4 1 2 2 2 1 

5 1 2 2 2 2 

6 1 2 2 2 3 

7 1 3 3 3 1 

8 1 3 3 3 2 

9 1 3 3 3 3 

10 2 1 2 3 1 

11 2 2 2 3 2 

12 2 2 3 1 3 

13 2 2 3 1 1 

14 2 2 3 1 2 

15 2 2 3 1 3 

16 2 3 1 2 1 

17 2 3 1 2 2 

18 2 3 1 2 3 
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19 3 1 3 2 1 

20 3 1 3 2 2 

21 3 1 3 2 3 

22 3 2 1 3 1 

23 3 2 1 3 2 

24 3 3 1 3 3 

25 3 3 2 1 1 

26 3 3 2 1 2 

3.2 Response Variables 

The MR rate, the TW rate, and the Surface 

roughness are the productivity and efficiency 

indices of the ED machining process. Three factors 

determine how effective ED machining is. (i) 

Erosion of the W/P per time unit is equivalent to 

the MR rate. The experimental study by author 

[42]uses two response variables, (ii) TW rate, 

which stands for total off material wearing out of 

tool electrode per unit time, and (iii) Ra - Surface 

roughness, which stands for abnormalities in the 

machined surface texture. The properties of (i) 

carbon breakdown and deposition, (ii) debris 

concentration, and (iii) plasma growth determine 

the MR and TW rates, respectively. The machining 

rate (MR) and the tool wear rate (TW) evaluates by 

comparing the pre-and post-machining weights of 

the workpiece (W/P) and the tool electrode. 

Weighing the W/P and the electrode with a 0.001g 

accuracy accomplish with the help of computerized 

weighing equipment. The surface roughness tester 

calculates Ra values. The MR and TW rates were 

determined using equations (1) and (2).  

𝑀𝑅rate=
𝑊before −𝑊after 

𝑡max
⋅
1

𝜌
  

 (1) 

𝑇𝑊rate=
𝐸before −𝐸after 

𝑊before −𝑊after 
   

 (2) 

Whereas 

𝑊before 𝑊after indicates weightage of 

workpiece material beforehand and afterward 

machining (g) 

𝑡𝑚𝑎𝑥indicates machining time (min) 

𝜌showsthe density of workpiece material 

𝐸before 𝐸afterindicatesweightage of the 

electrode before and after machining 

correspondingly. 

4. EXPERIMENTAL METHOD 

Taguchi used a three-factor, three-level 

design in this experimental study. Table.6 shows 

the number of trials conducted with different 

permutations. The DOE factors sort, and the 

resulting rows number four, five, and six. Look at 

these numbers in terms of the machining process's 

settings. Three "Smaller the better" and "Nominal 

the better" in the analysis "better" is chosen for MR 

rate and "Smaller the better" optimal machining 

input parameters based on the SN ratio.  

According to the Taguchi technique, the 

method is the best choice when determining the 

optimal number of experiments to run. An 

investigationusing L27 OA with a three-factor, 

three-level design, considering the input and 

output parameters. The results of the tests with 

different combinations of input parameters in 

Table 6, where the columns describe the 



Journal of Harbin Engineering University                                                                                       Vol 44 No. 7  

ISSN: 1006-7043              July 2023  

2148 

 

parameters themselves and the rows detail the 

number of times each combination experiment. 

The parameters using the DOE and the resulting 

experimental output parameters place in the 

fourth, fifth, and sixth columns. Optimize the ED 

machining process by analyzing the data in the 

ANOVA table. Parameters for the machining 

process. There are three possible rankings in the 

analysis depending on the SN ratio: "Larger is 

better," "Smaller is better," and "Nominal is better." 

For best machining input factors, this experiment 

chooses "Larger is better" for MR rate and "Smaller 

is better" for TW rate and Ra.  

In the Taguchi method, Larger is better 

calculated based on the equation (3),  

𝜂 = −10log⁡ [
1

𝑛
∑  𝑛
𝑙=1  𝑌𝑖

−2]  

 (3) 

In the Taguchi method,smaller is better 

calculated based on the equation (4), 

𝜂 = −10log⁡ [
1

𝑛
∑  𝑛
𝑖=1  𝑌𝑖

2]  

 (4) 

Where 

𝜂denotesthe SN ratio 

𝑛indicatesa repeated number of each 

experiment 

𝑖denotes experiment number 

𝑌represents observed value in 𝑖th  

experiment 

Table 6. L27 orthogonal array experimental design &its results. 

S.No Input factors Output factors 

A B C D E MR rate TW rate Ra 

g/min g/min mm 

1 13 0.3 70 130 80 0.5171 0.0016 3.931 

2 13 0.3 70 130 90 0.5121 0.0017 3.922 

3 13 0.3 70 130 100 0.5091 0.0015 3.918 

4 13 0.6 110 140 80 0.5787 0.0028 4.727 

5 13 0.6 110 140 90 0.5751 0.0029 4.724 

6 13 0.6 110 140 100 0.5704 0.0027 4.708 

7 13 0.9 150 150 80 0.6221 0.0063 5.331 

8 13 0.9 150 150 90 0.6181 0.0072 5.321 

9 13 0.9 150 150 100 0.6116 0.0062 5.316 

10 26 0.3 70 150 80 0.5288 0.0045 4.141 

11 26 0.3 70 150 90 0.5266 0.0045 4.125 

12 26 0.3 70 150 100 0.5234 0.0043 4.119 

13 26 0.6 110 130 80 0.5653 0.0049 5.289 

14 26 0.6 110 130 90 0.5628 0.0047 5.229 

15 26 0.6 110 130 100 0.5602 0.0046 5.221 

16 26 0.9 150 140 80 0.5379 0.0033 5.296 
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17 26 0.9 150 140 90 0.5353 0.0033 5.293 

18 26 0.9 150 140 100 0.5335 0.0032 5.293 

19 39 0.3 70 140 80 0.5649 0.0059 4.414 

20 39 0.3 70 140 90 0.5622 0.0059 4.388 

21 39 0.3 70 140 100 0.5604 0.0058 4.383 

22 39 0.6 110 150 80 0.5459 0.0033 4.533 

23 39 0.6 110 150 90 0.5428 0.0033 4.529 

24 39 0.6 110 150 100 0.5390 0.0032 4.521 

25 39 0.9 150 130 80 0.5933 0.004 4.938 

26 39 0.9 150 130 90 0.5897 0.004 4.929 

27 39 0.9 150 130 100 0.5852 0.004 4.915 

 

5 RESULTS AND DISCUSSION 

The ANOVA technique in MINITAB analyzes 

the statistical data collected during the experiment. 

Key inputs that significantly impact outcomes 

identify by this research and explain below.  

5.1 Analysis of Variance (ANOVA) 

The F test evaluates the relevance of the machining 

factors and the optimum combination level of 

parameters. An analysis of variance is employed to 

assess the output data produced from the 

experimental data. The Taguchi approach uses 

experiments to determine the best settings for each 

ED machining process parameter. The process's 

inherent variability diminishes by analyzing each 

input parameter's consequences concerning the 

chosen output parameters. The researchers played 

around with different permutations and 

combinations of the variables' means and SN ratios. 

The ANOVA technique analyzes the statistical 

significance of the input parameters influencing 

MR rate, 'TW rate, and Ra. In this investigation, 

researchers use a significance level of 0.5 (99.5% 

confidence). F-value from the ANOVA table was 

used to determine the importance of the effect. The 

response parameter with the most significant F 

value is the most influential. It emphasizes in the 

following sections for the discussion of the MR rate, 

the TW rate, and the Ra that an analysis of variance 

of Mean, SN ratio, and response tables of them 

generated.  

5.2 Material Removal Rate (MR rate) 

The higher the MR rate, the more debris 

cleared from the water every minute; hence the 

better. Table 7 displays the SN ratio value 

estimated for the MR rate, the ANOVA results, and 

its response tothe mean MR rate based on the 

experimental data. Due to the significant energy 

input for the high current value, the MR rate 

fluctuates linearly with the present, as shown in 

Figures 4 (a & b). Depending on the delta value, the 

MR rate output parameter is most affected by three 

parameters: (i) Current, (ii) Gap, and (iii) SoT, in 

that order. Table 9 displays the ANOVA for MR rate 

means. The current F value is the highest in this 

table, followed by the Gap and the SoT values.  
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Figure 4. MR rate main effect plot – SN ratio (a). MR rate main effect plot - means (b). 

Tables 7 and 9 of ANOVA show that the 

current F value is greater than the other variables. 

Table 10 shows that Current, Gap, and SoT are the 

order of importance for influencing the MR rate 

based on the delta value. The results show that Pon 

and Poff had the slightest bearing on the MR rate. 

Figure 4(a & b) shows the SN ratio and Means of 

input parameters that affect the MR rate and their 

relationship to the MR rate, Current, Pon and Poff, 

Gap, and SoT. The graph illustrates that the MR rate 

and Gap and Pon have been rising recently. The MR 

rate interaction plot indicates in Figure 5. For these 

specific values of SoT(13 Hrs), Gap(0.9 mm), 

Current(150 A), Pon(150 ms), and Poff (80 ms), the 

best MR rate is determined.  

 

Table 7. Analysis ofvariance for SN ratio ofMR rate. 

Source DF Seq SS Adj SS Adj MS F P 

A 2 0.86410 0.86410 0.43216 2027.62 0 

B 2 2.38428 2.38428 1.19194 5597.56 0 

C 2 2.87876 2.87876 1.43948 6759.91 0 

D 2 0.04884 0.04884 0.02451 114.96 0 

E 2 0.04913 0.04913 0.02451 115.53 0 
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Residual Error 16 0.00416 0.00416 0.00032   

Total 26 6.22927     

 

5.3 Tool Wear Rate (TW rate) 

Tool wear occurs naturally during ED 

machining. Tool wear reduces the precision of the 

machined surface in terms of its geometrical 

accuracy. In the ED machining process, the tool 

electrode and the workpiece (W/P) are both 

machined away. Carbon and other fluid-borne 

(dielectric) constituents wrap up the electrode 

surface and slow the TW rate. Experiment-based 

analysis of variance for the SN ratio of TW rate 

indicates in Table 11. This table's F value means 

that the current input parameter has the most 

impact on the TW rate, followed by the Pon and 

cryogenic SoT, and then by the Gap and Poff, which 

have the most negligibleeffect on the TW rate. 

Based on the more considerable delta value 

presented in Table 12, the SN ratio's response table 

provides information regarding the input 

parameters that affect the TW rate. The input 

parameters rank from best to worst based on the 

delta value: (i) current, (ii) Pon and (iii) SoT. Table 

13 displays an ANOVA performed on the means of 

experimental data for TW rate. The factors with the 

highest F values in this table affect the TW rate. 

According to the data in the table, Current and Pon 

both significantly affected the TW rate.  

 

Table 8. S/N ratio's response table 

Level A B C D E 

1 −4.952 −5.472 −5.521 −5.138 −5.033 

2 −5.341 −5.053 −4.998 −5.09 −5.09 

3 −4.972 −4.741 −4.75 −5.031 −5.135 

Delta 0.393 0.732 0.791 0.105 0.104 

Rank 3 2 1 5 4 

Larger is better 

 

Table 9. ANOVA for MRR (mean). 

Source DF Seq SS Adj SS Adj MS F P 

A 2 0.003812 0.003812 0.001887 1709.9 0 

B 2 0.009996 0.009996 0.00499 4539.31 0 

C 2 0.011912 0.011912 0.005962 5413.41 0 

D 2 0.00031 0.00031 0.000118 105.52 0 

E 2 0.000211 0.000211 0.000103 93.61 0 

Residual Error 16 0.000019 0.000019 0.000002   

Total 26 0.02626     
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Table 10. Mean’s response table. 

Level A B C D E 

1 0.5681 0.5341 0.5602 0.5551 0.5624 

2 0.5417 0.5598 0.5735 0.5582 0.561 

3 0.5651 0.5807 0.5907 0.5625 0.5553 

Delta 0.0272 0.052 0.0609 0.0079 0.0071 

Rank 3 2 1 4 5 

 

 

Figure 5. MRR’s interaction plot. 

 

Table 11. ANOVA for S/N ratio for TWR. 

Source DF Seq SS Adj SS Adj MS F P 

A 2 41.225 41.225 21.219 1467.32 0 

B 2 9.981 9.981 4.991 358.29 0 

C 2 227.82 227.82 114.372 8169.13 0 

D 2 77.98 77.98 39.496 2774.31 0 

E 2 0.472 0.472 0.242 17.72 0 

Residual Error 16 0.223 0.223 0.015   

Total 26 357.701     
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Table 12. S/N ratio’s response table (TWR) 

Level A B C D E 

1 51.32 50.24 53.04 52.28 49.16 

2 49.12 49.86 50.21 49.46 50.01 

3 49.56 49.04 46.34 48.34 50.31 

Delta 3.26 2.19 8.0 5.1 0.4 

Rank 3 4 1 2 5 

Smaller is better 

 

Table 13. ANOVA for TWR (means) 

Source DF Seq SS Adj SS Adj MS F P 

A 2 0.000003 0.000003 0.000001 454.64 0 

B 2 0.000003 0.000003 0.000001 403.06 0 

C 2 0.000043 0.000042 0.000021 9582.81 0 

D 2 0.00002 0.00001 0.000005 2369.53 0 

E 2 0 0 0 16.51 0 

Residual Error 16 0 0    

Total 26 0.000056     

 

Table 14. Mean's response table (TWR) 

Level A B C D E 

1 0.003441 0.003851 0.0027 0.003039 0.003871 

2 0.004042 0.003491 0.003324 0.003871 0.003838 

3 0.003981 0.004113 0.005524 0.004546 0.003745 

Delta 0.0007 0.000624 0.002924 0.001512 0.000123 

Rank 4 3 1 2 5 

 

The response table for means shows the 

order of the most influential factors on the TW rate. 

Table 14 contains the relevant information. The 

sequence is (i) Current (ii) Pon (iii) Gap. The 

central impact plot for mean and SN ratio of tool 

wear ratio (Figure 6a & b) displays the factors that 

affect the TW rate. TW rate interaction diagram 

depicts in Figure 7. Due to the significant thermal 



Journal of Harbin Engineering University                                                                                       Vol 44 No. 7  

ISSN: 1006-7043              July 2023  

2154 

 

energy produced between the electrode and the 

W/P, melting and vaporizing happened in the 

machining region. For this reason, an increase in 

Current leads to a higher TW rate because a more 

significant amount of material is from the electrode 

at a given MR rate. When the following process 

parameters employ: SoT (13 Hrs), Gap (0.3 mm), 

Current (90 A), Pon (130 ms), and Poff (100 ms), an 

optimal range of TWR obtain.  

 

 

Figure 6. (a)TW rate main effect plot – SN ratio,(b)TW rate main effect plot - means. 

 

Figure 7. TWR's interaction plot. 
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5.4 Surface Roughness (Ra) 

Ra is the measurement used to surface size 

the fineness of the imperfections on a machined 

surface. If the Ra value is high, the surface is rough, 

whereas a low number implies a smooth one. Three 

aspects make up the overall roughness of a surface: 

(i) the roughness itself, ii) the waviness of the 

surface, and iii) the shape of the ridges and 

valleys—microscopic craters connected to random 

spark discharge between tool and W/P, the 

character created by electrical discharge 

machining. Crater formation over the machined 

surface is proportional to the discharge energy's 

most incredible intensity. A more profound crater 

formation from higher discharge energy leads to a 

higher Ra value but also causes a higher MR rate. 

Table 15 displays an ANOVA for the SN ratio of Ra. 

According to this data, the current input parameter 

has the highest F value, followed by the transistor's 

gap and state.  

Table 16 displays the SN response, which 

ranks the elements impacting the Ra of the 

machined surface by delta value and indicates how 

those parameters have an effect. In that order, Gap, 

Current, and SoT are the three most critical 

influencing parameters. Means-based analysis of 

variance (ANOVA) results indicates in Table 17; 

that a high F value implies that a given component 

has the most significant impact on Ra. The more 

considerable F value of gaps significantly impacts 

the Ra quality. Table 18 lists the delta value to rank 

the influencing factors: (i) Gap, (ii) Current, and 

(iii) SoT. There are various bumps and ridges on 

the machined surface because of the influence of 

the input parameters. Numerous inputs interact to 

produce the final roughness of a character. Values 

of surface roughness on the lower end of the 

spectrum suggest a smooth surface, while higher 

values imply more significant surface 

irregularities. The affecting SR factor for the 

machined surface predictsusing analysis. Figures 8 

(a & b) illustrate the correlation between Ra and 

the input parameters, the SN ratio, and mean of 

means. The surface roughness interaction plot 

indicates in Figure 9. Ra attains to be best at 

anSoT(13 Hrs), Gap(0.3 mm), Current(90 A), 

Pon(130 ms), and Poff(100 ms).  

 

Table 15. ANOVA for S/N ratios ofSurface Roughness. 

Source DF Seq SS Adj SS Adj MS F P 

A 2 1.1961 1.1961 0.59791 1782.22 0 

B 2 18.6249 18.6249 8.80789 26242.3 0 

C 2 3.3181 3.3181 1.65872 4942.61 0 

D 2 0.4162 0.4162 0.20773 619.62 0 

E 2 0.0079 0.0079 0.00392 12.67 0.001 

Residual Error 16 0.0055 0.0055 0.00036   

Total 26 23.5687     

 

Table 16. S/N ratio's response table for Surface Roughness. 

Level A B C D E 

1 −13.31 −12.39 −13.18 −13.38 −13.48 
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2 −13.79 −13.68 −13.22 −13.7 −13.43 

3 −13.31 −14.29 −13.94 −13.32 −13.42 

Delta 0.46 1.95 0.78 0.29 0.05 

Rank 3 1 2 4 5 

Smaller is better 

 

Table 17. ANOVA for means ofSurface Roughness. 

Source DF Seq SS Adj SS Adj MS F P 

A 2 0.39263 0.39263 0.19628 1615.21 0 

B 2 4.97233 4.97233 2.48612 20460.27 0 

C 2 0.96815 0.96815 0.48361 3979.71 0 

D 2 0.09898 0.09898 0.04951 407.28 0 

E 2 0.00235 0.00235 0.00118 9.63 0.002 

Residual Error 16 0.00196 0.00196 0.00013   

Total 26 6.4364     

 

Table 18. Mean's response table for surface roughness. 

Level A B C D E 

1 4.658 4.148 4.581 4.698 4.732 

2 4.889 4.828 4.59 4.802 4.717 

3 4.617 5.19 4.987 4.658 4.709 

Delta 0.273 1.035 0.407 0.145 0.023 

Rank 3 1 2 4 5 

 



Journal of Harbin Engineering University                                                                                       Vol 44 No. 7  

ISSN: 1006-7043              July 2023  

2157 

 

 

 

Figure 8. The main effect plot is(a)SN ratioand (b)means. 

 

Figure 9. Surface Roughness's interaction plot 
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6. CONCLUSIONS 

This research studied the effects of various 

processing parameters on ED machining of 

composite material manufactured from AA6063. 

The SN ratio, ANOVA, and F-test result all point to 

an increase in MR rate due to the higher Current 

and Pon. The low MR rate directly resulted from 

the standard pulse current created by the 

discharge. However, the increased peak current 

discharge energy results in a deeper cavity 

forming. The time required for Poff in the 

machining zone increases with the cavity's depth 

because more debris eradicates. Process 

factorsoptimize to achieve maximum MR 

throughout. While the current and Pon both 

increased, the TW rate decreased. When the W/P 

ratio changes, the tool electrode wears down 

because of the dynamic process between the two. 

The settings (pulse on duration, low Current, and 

Poff) prevent further erosion of the tool's surface 

by depositing broken carbon particles from the 

dielectric fluid. Ra instructed to improve in Gap and 

Current, which resulted in a high-energy pulse that 

cratered the machined surface, resulting in a 

subpar finish. Using the Taguchi approach, 

researchers could independently optimize the MR 

rate, the TW rate, and the value of Ra; the resulting 

optimal values are 0.6221, 0.0015, and 3.918.  
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