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EvaluatE thE advancEd Machining on MEtal Matrix coMpositE ManufacturEd  
via adding nano-aluMinuM oxidE on rEcyclEd aluMinuM WastE

A waste of electrical power cables becomes a major problem at the present time, so they must be disposed in order to preserve 
the environment, and to obtain a raw material for the industry with low cost. in this work, recycled materials is prepared by heat-
ing up the aluminum wires up to 650°C for melting to prepare the aluminum alloy as a matrix. then, the matrix reinforced by the 
nanoparticles (30 nm) of aluminum oxide (Al2o3) to prepare the composite using the stir casting technique. the electrical discharge 
machining (EDM) as advanced machining, is used to evaluate the materials behavior through the operation. taguchi method is used 
to design and determine the suitable input and output factors. the scanning electron microscope (SEM) and hardness are tested 
before and after machining. the results appeared that improving in microstructure, also the hardness of the composite improved 
(37.2% and 22.6%) before and after machining.

Keyword: Aluminum wire recycling; Nano-aluminum oxide; Stir casting; Scanning electron microscope (SEM); Electrical 
discharge machine (EDM)

1. introduction 

the optimization of aluminum and its alloys properties, 
such as good conductivity of electricity and heat, light weight 
corrosion resistant etc., led to wide applications. therefore, it is 
used in land, sea, and air transportation, communications, etc., 
thus too many applications cause waste and scraps that must be 
disposed of. in addition, there are many methods for aluminum 
manufacturing, such as stir casting, powder metallurgy, and 
various pressure castings [1,2]. 

Mostly, aluminum recycling is accompanied continuous 
innovations to overcome difficulties, the most important which 
is the impurities associated with the melting process. therefore, 
the interest was treated this problem by improving the melting 
process using downgrading and dilution techniques. As well as, 
other modern methods for scrap separating, such as high-pressure 
of jetting water. other methods, such as 3D cameras and con-
centration analysis, contribute to proper sorting of scrap. thus, 
dealing with scrap, such as sorting, cutting, and deposits remov-
ing, which increases the efficiency of the process. furthermore, 
melting furnace choice depends on the quantity and quality of 
scrap, that with the highest melting per unit volume at reducing 
cost and time [3,4]. 

Stir casting is used to manufacture aluminum-based com-
posite materials due to its distinctive properties, such as using 
easy, good mixing, and cheap. Moreover, the products of this 
method are characterized by acceptable porosity and density 
and good mechanical properties [5]. therefore, the features of 
particle-reinforced aluminum matrix composites, that makes it 
ideal for aerospace, automotive, underwater and transportation 
applications. Hence, the manufacturing process is very important, 
that mean the stir casting factors such as pouring temperature, 
stirring and material quality are maintained. there are other 
techniques for manufacturing aluminum matrix composite, such 
as, vapor deposition, diffusion bonding, powder metallurgy and 
friction stir, etc. [6,7]. 

Consequently, alumina (Al2o3) has several phases, includ-
ing alpha, gamma, beta, and delta, depending on the manufactur-
ing temperature. the alpha phase is used more widely, because 
its high density compared to other phases. Alumina has many 
applications due to its distinctive properties, such as high wear 
resistance, strength and hardness. As well as, corrosion resist-
ance, good resistance of chemical, high point of melting and 
thermal stability. there are several methods for alumina manu-
facturing, each method has advantages and disadvantages. these, 
including precipitation, wet chemical, soil-gel, combustion and 
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microwave, etc. the best method is precipitation, because it’s 
easy, cheap, less pollution, thermal stability, high purity, and 
homogeneity size [8,9]. Aluminum matrix composite meets 
the needs of development, so it is used in the field of aviation, 
aerospace and transportation in general. it has low density, wear 
resistance, strength and stiffness, good flexible preparation and 
heat treatment, and good conductivity of electric and heat [10]. 

recently, many studies have been conducted to develop the 
aluminum matrix in order to reinforce it with different materials 
depending on the type of application. Also, the mechanical be-
havior, tribology of surface and lubricated sliding conditions was 
studied to reduce the friction and wear [11,12]. Also, stir casting 
method is used to manufacture aluminum alloy, that reinforced 
by carbon nanotubes. thus, the results are shown grain size is 
reduced, as well improved the corrosion behavior and sliding wear 
[13]. likewise, the cyclic extrusion compression method is used to 
improve the hardness and corrosion behavior of aluminum alloy 
(Al5052), also evaluate the microstructure of aluminum alloy [14]. 

the stir casting method is suitable for aluminum matrix 
composite, because it contributes to uniform distribution of 
reinforcement particles. this is achieved by increasing the mix-
ing time of the titanium boride (tib2) particles in the aluminum 
matrix. As well as, aluminum matrix composites can be improved 
by silicon carbide (SiC), that prepared by the stir casting method. 
the improvements of microstructure, hardness and strength of 
compressive, are achieved [15,16]. in this regard, the stir casting 
is used to prepare an aluminum matrix reinforced with Al2o3 at 
6% and 8% weight to manufacture aluminum matrix compos-
ite. then, the specimen is machined by wire electric discharge 
machining (wEDM). therefore, better results material removal 
rate (Mrr) and roughness (ra) with 6 weight% additives [17]. 
Aluminum matrix composite produced by stir casting reinforced 
with 4% tungsten carbide. grey regression analysis was used to 
estimate the main input factors for the EDM process [18]. 

furthermore, EDM is used in the processing of aluminum 
matrix reinforced with different percentages of silicon carbide. 
then use analysis of variance (ANovA) to reach of the output 
characteristics of the material machined by EDM [19]. the ma-
chining behavior of aluminum matrix reinforced with Al2o3 and 
SiC, that prepared by stir casting was analyzed. the procedure 
was to change the input parameters to three levels according 
to taguchi design. the outputs parameters of the three levels 
were evaluated, and then analysis of variance (ANovA) was 
performed to determine the most influential [20]. 

Previous literature indicated that the stir casting method is 
the appropriate method to manufacture aluminum matrix com-
posite reinforced with advanced ceramic materials. in the current 
work, the aluminum matrix composite is prepared from recycled 
aluminum cable scrap with nano-alumina particles (Al2o3) as 
strengthening materials. the work aims are; to use a recycled 
raw materials represented by scrape aluminum wires. in ad-
dition, provide corrosion resistance. furthermore, lightweight 
composite materials can be obtained, as well as the EDM will 
be used to evaluate the effect of operating conditions on the 
manufactured materials.

2. Experimental procedure 

2.1. Materials preparation

in the current work, the aluminum wire scrap that used to 
transmit the electrical energy is recycled to prepare aluminum 
matrix, which has lowest hardness compared to Al2o3. thus, 
there is no need to a modern recycling process, in other words, do 
not need a complex sorting process to rid the impurities. because 
the aluminum wire scrap, do not include many impurities. the 
required amount of aluminum wire scrap (Ø2 mm) was cleaned 
of dirt, and cut into 20 mm length of pieces. it is then placed 
inside the furnace to make the matrix after melting, so adding the 
magnesium strip. Magnesium is added to improve wettability and 
increase cohesion between the matrix and the reinforcement. the 
chromium powder is added to improve the corrosion resistant. 
in addition, the reinforcements particle of alpha nano-alumina 
(α-nano-Al2o3) with size (30 nm) is prepared, that is used to 
improve the aluminum matrix composite. As well as, all instru-
ments prepared such as furnaces, stir casting and testes, mold, 
and EDM machine. 

2.2. samples casting

the pieces of aluminum wire were placed on the graphite 
crucible inside the furnace, then the temperature was slowly 
raised until settled at 650°C, the slag floats on the molten should 
be removed. the electric mixer at a speed (750 rpm) is used for 
mixing the molten materials. thus, the magnesium and chro-
mium wrap in aluminum foil and heated at 150°C, then placed 
in a melting pot at (2.5 wt.%) and (0.25 wt.%) respectively. the 
aqueous aluminum chloride is added to the molten as an aid to 
slag removal, that continues removing of the slag. furthermore, 
molten is good mixing at pouring temperature, the crucible is 
lifted outside the furnace, the molten was poured into a preheated 
mold, that was heated at (250°C). 

then, the mold is filled with molten and left until cooled 
at room temperature to get the alloy sample (AA5052). Sequen-
tially, the particles of (α-nano- Al2o3) at (6. wt.%), is covered 
with aluminum foil and heating at (150°C). the previous steps for 
alloy producing are repeated until the contents dissolve. then, the 
temperature is raised to (800°C), the preheated Al2o3 are added 
into the molten vortex with continuous stirring. the molten is 
poured into the mold, sample of (AA5052+ Al2o3) is performed 
after leaving to cool at room temperature. the process followed 
by a thermal homogenization to improve the microstructure, that 
at 500°C before conducting the necessary tests. 

2.3. samples tests

Samples are prepared for testing in different dimensions 
depending on the type of test. Samples surface test is prepared 
by grinding and polishing the surface by emery papers (100, 300, 
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500, 700, 900, 1000), then etching. thus, the solution (2%Hf, 
3%HCl, and 5% HNo3) are used to conduct the etching pro-
cesses before SEM test. the SEM test is achieved by (thermo 
scientific- Axia) before and after machining, to check the effect 
of added strengthening materials on the structure of the compos-
ite material. the hardness test is conducted by device (wilson 
Hardness/ rEiCHErtEr uH250) with a brinell method at of 
a ball diameter (2.5 mm), (31.25 Kg) force and (10 sec) of time.

2.4. Electric discharge machining procedures

EDM is used in certain circumstances, such as the difficulty 
of operating with traditional methods, as well as obtaining high 
operating accuracy. the surfaces of composite material sample 
are machined by electric discharge machine (CHMEr 50 N), 
the input parameters of machining are selected. that, depend-
ing on the previous studies and design by orthogonal array (l9) 
of taguchi process is used in the design. the orthogonal array 
manages the level and configuration of process-affecting control 
parameters. it is advised to apply the taguchi approach in order 
to minimize the quantity of trials conducted. Moreover, three 
input parameters with three levels of the operations are listed 
in (tAblE 1), these peak currents (IP), pulse-on time (Ton) and 
pulse-off time (Toff ) are selected. 

tAblE 1

output parameters with their level

parameters Ip (a) Ton (µs) Toff (µs)
level 1 12 50 25
level 2 16 100 50
level 3 20 150 75

As well as, the output factors, which are rate of material 
removal (Mrr), wear rate of tool (twr), and machining time 
(Mt) of each operation is identified. the tool (copper electrode) 
has 8.9 g/cm3 density, and 1cm diameter with 10 cm long is 
used, also the density of workpieces is achieved by Archimedes 
method, that was 2.682 g/cm3. the cylindrical samples are cut 
by lathe machine at diameter 13 mm and 6mm height. So, the 
output factors and levels designed by taguchi method, and the 
results of three output factors, these are listed in tAblE 2.

 furthermore, the workpiece and the tool are weighed before 
and after the operations, then the input factors (IP, Ton and Toff ) 
are entered into the machine. thus, at the end of each operation, 
the time is recorded from machine, the tool and the workpiece 
are re-weighed after the end of each operation to compute the 
difference in weight. then, the previous steps are repeated for 
each operation of the nine trials. 
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the Eqs. (1) and (2) are used to calculate the (Mrr) of 
sample, and (twr) respectively, that for each operation. the 
wi and wf represented the weight of samples and the tool before 
and after the machining, so the (ρ) is the density of sample and 
tool, and (T) the time of operation.

tAblE 2

Experimental parameters and results of Aluminum alloy (AA5052) 
reinforced by Alumina (Al2o3)

Exp. 
no. Ip (a) Ton 

(µs)
Toff 
(µs)

time 
(min)

Mrr 
(mm3/min)

tWr 
(mm3/min)

1 12 50 25 10.15 10.9550 0.0454
2 12 100 50 12.48 10.6050 0.0324
3 12 150 75 12.49 10.2470 0.0275
4 16 50 50 9.42 13.0795 0.0489
5 16 100 75 9.31 13.0537 0.0875
6 16 150 25 5.58 21.1777 0.0946
7 20 50 75 10.04 11.7069 0.0985
8 20 100 25 4.40 28.2904 0.0562
9 20 150 50 5.30 23.5396 0.0445

3. results and discussion 

3.1. Microstructure

usually, melting of aluminum occurs when the temperature 
rises above the melting point (Tm), it turns into the liquid phase. 
while, during the temperature falls below (Tm), the solidification 
occurs when release the heat of fusion, and the nucleation process 
begins. that, due to the presence of more sites of heterogeneous 
nucleation’s such as surfaces, grain boundaries, inclusion, etc. 
then, After completing nucleates, grain growth continues to 
complete the crystallization. thus, magnesium addition is helped 
in wet ability, and adhesion between the granules. fig. 1(a and b) 
shows the images of microstructure test by scanning electron 
microscopy (SEM) at (1300x) before machining. these, for the 
samples of alloy (AA5052), and the samples with the addition 
of nano- Al2o3 particles. fig. 1a. it is appear the alpha phase of 
the alloy is clearly visible in the microstructure, with long den-
dritic shapes and equiaxed grains inside larger grains. fig. 1b. 
Shows the image of SEM of alloy reinforced by 6% Al2o3, that 
refers to grain growth. Since the nano-alumina particles were 
deposited on the grain boundaries of the matrix, it seems clear 
in the SEM image that the grains were equiaxial. furthermore, 
a good mixing and adding magnesium to increase adhesion and 
wettability, were helped to reduce segregation and black spots.

while, the dendrite arms and the grains are smaller if com-
pared with the state of fig. 1a, in addition, the number of a new 
arms of dendrite is increased. Hence, the nanoparticles number of 
alumina increased between the arms of dendrite. Also, the nano-
alumina particles have good distribution between the arms of 
dendrite, and on the boundaries of alloy grains. the nano-alumina 
particle refinement effect lead to increase in the nuclei number 
as well as the embryos number. thus, which leads to improve 
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the microstructure of the composite material, as it appears clear 
through increasing the number of secondary dendritic arms. 
Mostly, the stir casting method is suitable for manufacturing 
aluminum matrix composites, due to is easy, economical, has the 
best distribution and reducing agglomerations. while, hardness 
improves at the expense of ductility, and sometimes there are 
agglomerations or black spots, that during poor mixing, or dif-
ference in density [21,22]. generally, the structure of castings is 
improved by homogeneous distribution, good bonding of grains 
and reduced porosity [23]. 

fig. 2(a and b) shows the images of the test by scanning 
electron microscopy (SEM) at (500×) after machining with best 
values design of input parameters at highest Mrr, that’s evident 
in (tAblE 2). the best values of the input factors with the high-
est Mrr value were chosen, due to the a lot of vibrations of the 
machine at this value. 

that, cause cracks and the appearance of casting defects 
with the highest Mrr (28.2904 mm3/min). thus, these ex-
perimental values (20A, 100 µs and 25 µs) of (IP, Ton and Toff) 
respectively, refer to clear difference between the figures. the 

machining surface of fig. 2b. is homogeneous more than that of 
fig. 2a, that due to the improvement of the microstructure after 
reinforced with Al2o3. in addition, the homogeneous distribu-
tion of the reinforcements leads to surface free of cracks after 
operation, indicates structural cohesion. 

3.2. hardness

fig. 3 shows the hardness test before and after machining, 
for the samples without and with addition of nanoparticles of 
(Al2o3). the values of (a and b) were 62.6 Hb and 85.9 Hb for 
Al5052 alloy and composite (Al5052+Al2o3) before machining, 
respectively. it is clear that addition effect of (Al2o3) nanopar-
ticles to aluminum alloy (Al5052), lead to increase the samples 
hardness. the composite hardness is higher than the samples 
hardness without the reinforcement particles about 37.2%. that 
is due to the alumina nanoparticles presence in composite micro-
structure, that lead to refining the grains of composite. Hence, 
the nanoparticles of alumina lead to restrict the dislocation 

fig. 1. SEM images before machining, (a) AA5052 image, (b) AA5052+ Alumina

fig. 2. SEM images after machining with best values design of (Ip, Ton and Toff ) for Mrr, (a) Al5052 image, (b) Al5052+ Alumina image
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movement through checking the samples hardness. Moreover, 
the nanoparticles (Al2o3) presence causes high resistance to load, 
that because the hardness of nanoparticles ((Al2o3). therefore, 
the effect of (Al2o3) causing increasing the dendrite arms, that 
leads to reduce the crystal size of the structure, seen in fig. 1b.

fig. 3. Hardness of samples with and without the reinforcement, 
(a) Al5052, (b) Al5052+Al2o3 before machining, (c) Al5052+Al2o3 
after machining

fig. 3c shows the hardness result of composite sample 
(Al5052+Al2o3) after machining. Can be seen the effect of sur-
face machining, that lead to increase the hardness into (105.3 Hb) 
due to the change of microstructure. in other word, the sample 
is subjected under generated heat from electrode spark, then 
it is cooled by dielectric fluid. thus, the quenching process 
leads to hardening the surface concurrently. therefore, value of 
composite hardness after machining is higher than the hardness 
before machining about 22.6%. the current increase of EDM 
lead to make white layer that has hardness more than the parent 
metal, then improved the surface hardness [24].

3.3. Electric discharge Machining (EdM)

the machining of electrical discharge was chosen to obtain 
the high dimensional accuracy and study the effect of additives 
on machining performance. Also, the cracks occur after machin-
ing on the surface or no, that was the main goal of the current 
study. therefore, when evaluating the results of the work and 
obtaining the possible greatest of materials removal rate Mrr. 
in addition, less wear rate of the tool, the shortest period of 

fig. 4. (a) Main effects plot for Means Mrr, (b) Main effects plot (Signal-to-Noise ratio) for Mrr, (c) interaction Plot for Mrr Data Means
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machining time, and no surface cracks, the goals have been 
achieved. the appropriate input factors for aluminum alloys 
and their composite were chosen based on previous studies and 
design of Minitab software.

fig. 4a and tAblE 2, appear the Mrr increasing, due to 
increase of Ip, as does the Ton, continuously. this is due to the 
ability to melt and vaporize the surface grain increases with 
increasing IP and Ton. that’s because the high spark of discharge 
energy, so the rate of vaporization increases. while, as the Toff 
increases, the Mrr begins to decrease, meaning that it has 
a negative effect on it. therefore, the same effects of Ip, Ton and 
Toff, that’s clear in fig. 4b, for plot of main effects (Signal-to-
Noise ratio) of Mrr. the desired goal of this work is to measure 
the S/N ratio for time (tM) and twr uses smaller is better and 
larger is better is used for Mrr. Consequently, the raw data is 
transformed using the smaller is better kind of S/N ratios Eq. (3) 
and the larger is better kind Eq. (4), which are defined below
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to analyze the parameter effect on output response, the 
optimization of single objective response is used, that with the 

largest of Mrr and smallest of twr and machining time (tM). 
the results of the responses the S/N ratio (Signal-to-Noise ratio) 
of Mrr, twr and tM are presented in figs. 4b, 5b and 6b 
respectively.

fig. 4c, refers to the interaction influence of process vari-
ables on Mrr. the interaction effect of input factors, that can 
be seen during three levels for highest value of Mrr. therefore, 
the highest value of Mrr in level (1), is at 12 A and 50 µs of IP 
and Ton respectively. As well as, highest value of Mrr is at 16 A 
and 150 µs of IP and Ton at level 2, and 20 A and 100 µs of IP 
and Ton in level 3. while, highest value of Mrr in three levels 
is achieved at (25, 25 and 50 µs) of Toff , that mean the Toff has 
a negative effect on Mrr. furthermore, the max. value of Mrr 
at (20 A, 100 µs and 25 µs) of (IP, Ton and Toff ) respectively, can 
see that in tAblE 2.

figs. 5(a, b and c), appear the effect of input parameters (IP, 
Ton and Toff) on tool wear rate twr. figs. 5(a and b) showed the 
twr increases due to increases of peak current, that due to the 
intensity increases of the energy spark. thus twr is increased 
due to its exposure to the continuous spark, which causes the 
melting of tool tip grains. After that, the twr begins to decrease 
as the current increases, due to the increase in the pulse-on time. 
which has a positive effect on twr, especially with the pulse-on 
time increasing, the twr decreases. but with the Toff , the twr 
decreases and then begins to increase in case of increased current. 

fig. 5. (a) Main effects plot (Means) for twr, (b) Main effects plot (Signal-to-Noise ratio) for twr, (c) interaction Plot for twr Data Means
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fig. 5c illustrate interaction effect between input parameters on 
twr. the minimum value of twr is the better, it is achieved 
at (12A, 150 µs and 75 µs) of (IP, Ton and Toff) respectively, that 
in level (1). As well as, lowest value of twr is at (16 A, 50 µs 
and 50 µs) of (IP, Ton and Toff) at level 2, and (20 A, 150 µs and 
50 µs) of (IP, Ton and Toff) in level 3. furthermore, the interaction 
between IP, Ton and Toff for the lowest value of twr is achieved 
at the less value of IP and highest value of Ton and Toff, can see 
that in tAblE 2. 

fig. 6a, it can be seen decreases in the machining time (Mt) 
with the increase of the IP density and Ton. that, because the 
increase in erosion (melting and evaporation) with the increase 
discharge energy spark, which leads to a decrease of the Mt 
[25]. As the Toff increases, the Mt increases due to a slowdown 
in the erosion process due to the lack of discharge energy spark. 
fig. 6b, can see the increase of Mt in the beginning of opera-
tion, this is due to the instability of the operating process, then 
decreases due to the discharge energy, that lead to a decrease 
in Mt with Toff. As described in the previous interaction plots, 
these plots give the appropriate value of inputs. thus, appropriate 
value depends on the required value of outputs, if it required the 
highest value or the lowest. 

 therefore, notice from fig. 6b, that the highest values are 
at the iP. this means that the iP has a greater effect on the SN 
than Toff and Ton. A IP value of 20 A has a greater effect than 16 A 
and 12 A. the same applies to the Ton, where, the highest level 

(150 µs) has the highest effect on SN ratio. but for Toff the effect 
is inverse, as the lowest value has the highest effect on noise, 
and vice versa. the higher values of SN ratio clear that control 
factor minimize the effect of the noise factors. fig. 6c, described 
the interaction plot for time, it is clear at 20A of IP, 100 µs of 
Ton and 25 µs of Toff, these gave the lower time. while from the 
interaction between Ton and Toff the lower value of time achieved 
at 100 µs and 25 µs of ton and Toff respectively. this means that 
the variable with the highest delta will have the highest rank and 
vice versa. in other word, the peak current has three different 
values, which are 12, 16, and 20. tAblE 3 indicates that the 
mean response of outcomes, the rank of the effect of three input 
parameters on the outcomes depend on delta. 

Delta is referring to the difference of the highest and the 
lowest value of the variables for the ranks of Minitab assigns, 
that based on delta values. while, rank refers to the order in which 
the three input parameters influence the results depends on the 
delta.

therefore, it has three levels (1, 2, and 3), for example, level 1  
has three attempts with a current value of 12, and so on for the 
rest of the variables. thus, rank 1 for peak current, which have 
the highest delta value followed by a pulse-off time as rank 2 
and pulse-on time rank 3. 

tAblE 4 illustrated the contribution value for input param-
eters for 3 outputs. So, using a signal to noise (S/N) by analysis of 
variance (ANovA), as statistical analysis to identify the signifi-

fig. 6. (a) Main effects plot (Means) for time, (b) Main effects plot (Signal-to-Noise ratio) for time, (c) interaction Plot for time Data Means
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cant factors and achieve the optimal value. the analysis achieved 
at 95% confidence level a significant level of (0.05) indicate as 
5% risk. Df refer to the degree of freedom, and it depends on 
inputs and their level and it computed by the program itself after 
entering the value of each input with their level. After computed 
(Df) sum of the square of the variance (SS) and the mean sum 
of the square of the variance (MS) were computed. therefore, 
sequence of influence referred to as a rank, and was using the 
contribution rate (P-value) in order to determine the percentage. 
As the rank sequence does not give the true value of the amount 
of influence. it only gives an impression of which factors are most 
influential and which are less influential. therefore, percentage 
was used in order to clarify the amount of this influence. 

the contributory value for each input was calculated de-
pending on the degree of freedom of variables and the degree 
of freedom of error through ANovA an it wrote down as a per-
centage value (P%). from table 4 for Mrr and twr, Ip also 
is the most effect factor with percentage values as 46.90% and 
48.74% for Mrr and twr respectively. Ton have the lowest 
effect of twr with contribution value as 2.01% lower than the 
error percentage value, so it can indicate as unaffected factor. 

Also, for Mt, it’s obvious that Ip is the most effect factor in the 
percentage contribution value as 56.86% and it’s followed by 
Toff and Ton as 31.69% and 8.90% respectively.

the core idea behind the taguchi approach is to determine 
the unique and cumulative influence of design factors using the 
fewest possible experiments. the loss function is a reliable design 
technique that is used to qualify the performance departure from 
the desired outcome [26]. the three sorts of S/N ratios that are 
applicable are „larger is better“, „smaller is better“, and „nominal 
is better“, depending on the performance characteristic’s purpose. 
Process parameter choices with the highest value of S/N ratio 
consistently produce the best quality with the least amount of 
volatility, regardless of the quality characteristic category [27]. 
therefore, an optimal point must be obtained for EDM param-
eters, that can be obtained by statistical methods such as the 
Minitab program. that, is used to analyze the influence input 
parameters on output optimum value [28]. the increase of twr 
with increasing of Mrr at high current is normally, because 
the discharge energy per pulses is increased. therefore, can be 
overcome this state by using dielectric fluid has low viscosity 
leads to good cleaning and cooling [29,30]. 

tAblE 3

Mean response table for outputs

taguchi 
analysis

time Mrr tWr
Mean response Mean response Mean response

Ip (a) Ton (µs) Toff (µs) Ip (a) Ton (µs) Toff (µs) Ip (a) Ton (µs) Toff (µs)
level 1 11.707 9.870 6.710 10.60 11.91 20.14 0.03510 0.06427 0.06540
level 2 8.103 8.730 9.067 15.77 17.32 15.74 0.07700 0.05870 0.04193
level 3 6.580 7.790 10.613 21.18 18.32 11.67 0.06640 0.05553 0.07117
Delta 5.127 2.080 3.903 10.58 6.41 8.46 0.04190 0.00873 0.02923
rank 1 3 2 1 3 2 1 3 2

tAblE 4

ANovA results for outputs

Mrr of sample 
(mm3/min)

Source Df SS MS Contribution P-value
Ip (A) 2 167.83 83.913 46.90% 0.062

Ton (µs) 2 71.26 35.628 19.91% 0.134
Toff (µs) 2 107.71 53.856 30.10% 0.093
Error 2 11.01 5.504 3.08%
total 8 100%

tWr of tool  
(mm3/min)

Source Df SS MS Contribution P-value
Ip (A) 2 0.002848 0.001424 48.74% 0.336

Ton (µs) 2 0.000117 0.000059 2.01% 0.925
Toff (µs) 2 0.001439 0.000719 24.62% 0.500
Error 2 0.001439 0.000720 24.63%
total 8 100%

time (min)

Source Df SS MS Contribution P-value
Ip (A) 2 41.587 20.7936 56.86% 0.043

Ton (µs) 2 6.510 3.2348 8.90% 0.222
Toff (µs) 2 23.183 11.5910 31.69% 0.74
Error 2 1.862 0.9312 2.55%
total 8 100%
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4. conclusion 

in the current study, the appropriate examinations and elec-
tric discharge machining (EDM) are conducted to the composite 
material produced from aluminum alloy (Al5052) reinforced by 
Nano-aluminum oxide (Al203), where it can be list the follow-
ing findings: 
• The SEM examination before and after machining ap-

pear convergence between the images of aluminum alloy 
Al5052 and its composite. So, the SEM images was noted 
the stir casting method is suitable for aluminum matrix 
reinforced with ceramic materials. that, especially with 
small particle size, which as the homogenous structure 
was clear in the images. in addition, no cracks appeared on 
the samples surface after machining by electric discharge 
machining, which indicates that the mixing and distribution 
was good.

• The use hard ceramic particles as strengthening materials 
with the non-agglomeration and homogeneous distribution 
lead to refining the grain size and improve the hardness 
about 37.2%. Also, the composite hardness after machin-
ing is higher than the hardness of the composite before 
machining about 22.6%.

• The machining results of electrical discharge showed the 
material removal rate Mrr and the tool wear rate twr are 
affected directly by the peak current Ip. in other words, they 
are significantly increasing when the current is increased, 
and slightly increase with the Ton and Toff.

• The best design of input parameters (IP, Ton and Toff) was 
(20 A, 100 µs and 25 µs) respectively, these values for 
(28.2904 mm3/min) of Mrr outcome, with less time 
(4.40 min). while the best values of same input param-
eters were (16 A, 50 µs and 75 µs), respectively, for 
(0.0275 mm3/min) of twr outcome.
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