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Abstract. The most intriguing substance that offers the maximum mechanical force in the world of hard
machining materials is aluminium alloys. Because of its superior "strength to weight ratio”, it is widely
used in the fabrication of aerospace and aeronautical products. Eco-friendly as well as cost-effective
processing techniques have become increasingly necessary over time, and many experts have expressed
a strong interest in developing ever-more-advanced machining techniques. Excellent machinability
properties allow for faster cutting speeds, easy attainment of a good finish, and reduced tool wear when
cutting certain materials. Manufacturing engineers must therefore figure out how to assess a material's
processability, which primarily depends on its mechanical characteristics as well as other machining
conditions, in order to make components affordably. In this work, "the COPRAS (Complex Proportional
Assessment) approach" is used to examine the machinability properties of aluminium composite
materials. In this instance, 8 different composites are taken into account, and their machinability is
assessed based on various mechanical characteristics. With the aid of this process, it is now simpler for
the producers to choose a composite material that is simple to machine. The rank of alternatives using
the COPRAS method for A357FS is seventh, A357RS is fifth, A357FC is third, A357RC is first, A224FS
is sixth, A224RS is eight, 7475FS is fourth, and 7475RS is second. It has been discovered that
"aluminium alloy A357RC" is the specimen that is most straightforward to machine. Despite having a
middling "yield strength and tensile strength" this alloy has the lowest “elongation at fracture and highest
strain energy density" which places it at the top of the overall rating. " Aluminum alloy 7475FS", which
has "higher yield and tensile strengths," is the trickiest material to perform machining.

Keywords: Machinability, aluminium alloy, yield strength and tensile strength, elongation at fracture
and MCDM

1. Introduction

One very prospective substance that offers the optimum mechanical power in the world of hard machining materials is
aluminium composites. Because of its superior "strength to weight ratio", it is widely used in the fabrication of aerospace
and aeronautical products. Numerous academics have expressed a strong interest in developing ever-more-advanced
machining processes as the need for eco-friendly and economical machining procedures has grown over the decades [1, 2].
Additionally, in some circumstances, the presence of a fluid nature in the fabrication processes and the existence of some
uncleanliness in the work piece's component results in the presence of a physical occurrence like altering the stability of
the procedures and degrading the quality of the finished product. Due of increased temperatures and stress exposure
throughout machining operations, the operating surface of the work material is highly rough. As a result, the work surface
experiences many changes in its "geometrical, physical, and chemical environment". Therefore, these machining
techniques change the working piece's surface properties, which may lessen their useful qualities [3,4]. Due to its many
advantages beyond the traditional technique, "high speed machining (HSM)" is frequently employed in aviation, and during
dry machining, it is important to take the surface quality into account. " High machining" speeds increase metal removal
from aluminium alloys while lowering "burr and built-up edge growth" [5,6]. The elements that usually enhance a material's
efficiency frequently reduce its machinability. Therefore, it is a challenge for engineers to identify solutions to improve
processability without compromising performance in order to manufacture components affordably. " Increased strength
and hardness, good fatigue resistance, high corrosion resistance, and other" are important characteristics of composite
metals [7]. The main component of a composite material that enables load transfer and structural stability is the matrix.
Strengthening will improve the mechanical qualities. The main matrix materials in MMC are aluminium, magnesium, and
titanium. Graphite, alumina, and silicon carbide are the main reinforcing materials. Gray cast iron has been replaced with
"aluminium metal matrix composites (MMCs)" loaded with ceramic particulates for high wear tolerance applications like
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cylinder liners and brakes. Ceramic granules in an aluminium matrix increase the metal's wear tolerance, but they also
significantly shorten the life of surgical force and alter the quality of the parts [8]. Because of abrasion about the surface
layer during the machining of aluminium, the cutting tool begins to wear. The quantity of big, hard particles lodged in the
aluminium workpiece causes wear to rise. Cast components experience extraordinarily high levels of wear. Low silicon
concentration machined alloys have minimal tool wear [9,10]. Due to the inclusion of brittle and hard additives, MMC
machining findings vary from those of metal machining. The fundamental issue with machining MMC is the significant
incidence of tool wear, which makes manufacturing either impractical or impossible. As a result, the shape and wear
resistance of the work pieces must meet specific requirements when working with composites [11,12]. Drilling is the main
machining technique used in production for riveting and hole-making purposes. Despite the advancement of the current
cutting process in production, conventional drilling is still a crucial machining activity. Poor surface smoothness and burrs
at the hole borders are the most frequent issues when drilling aluminium alloys. Additionally, dry machining of aluminium
alloys accelerates tool wear and increases built-up edge development. To obtain the desired hole quality, precise cutting
weapon selection, machine configuration, and drilling settings are crucial [13,14]. Three cast aluminium alloy series,
"A357, A224, and 7475 (A357FS, A357RS, A357FC, A357RC, A224FS, A224RS, 7475FS, and 7475RS)" are examined
for their machinability in this article. With regard to five mechanical properties, namely "yield strength (in MPa), tensile
strength (in MPa), elongation at fracture (in percent), strain energy density (MJ/m3), and quality evaluation index (in
MPa)," are evaluated for their machinability. Higher values are needed for "yield strength, tensile strength, and quality
evaluation index" among these (beneficial options). On the other hand, "elongation at fracture and strain energy density"
must meet minimum requirements (non-beneficial criteria).

2. Materials And Methods

"Complex Proportional Assessment (COPRAS)", a rating method, was developed by "Zavadskas, Kaklauskas, and
Sarka in 1994". This method considers both the best and worst outcomes independently. The main alternative value can be
chosen by identifying "both the optimal best solution and the ideal worst solution™. This is often used in engineering field
problems for assessing and selecting various projects. The COPRAS technique's main objective is to rank each option by
taking the appropriate weights of each criterion into consideration [15,16]. Despite a few minor flaws, "COPRAS MCDM"
has many significant positive qualities that more than make up for them. The main and most significant benefit of
"COPRAS" is its ability to handle helpful and detrimental elements separately [17]. The significance and usefulness level
of the editions under consideration are determined by a set of criteria, according to COPRAS. These criteria effectively
specify the possibilities as well as the weights and quantities of each criterion. These guiding principles demonstrate that
the COPRAS method is an important MCDM method and a helpful decision-making instrument [18]. Options are rated by
COPRAS using a single evaluation method that considers the effects of both the cost and advantage type criteria. It differs
from other MCDM approaches in that COPRAS takes into account "the utility degree of options,” which represents a
percentage and reflects the degree to which one solution is superior to or inferior to the many options used for assessment
[19]. Furthermore, COPRAS is more robust than WSM in the presence of dynamic data, and judgments integrated with
COPRAS are more precise and less biassed than results with "TOPSIS and WSM" according to recent research. Other
advantages COPRAS provides over other MCDM tools like "PROMETHEE, DEA, VIKOR, AHP, and ELECTRE" include
a very simple and obvious MCDM approach that requires a lot less processing effort and a high possibility of graphical
understanding [20,21].

Step 1: The decision matrix X, which displays how various options perform in relation to certain criteria, is created.

X111 X120 Xip
X21 X2 ot Xop

Xij =1 : : ., : (1)
Xm1i Xm2 ° Xmn

Step 2: Weights for the criteria are expressed as
w; = [wy = wy ], )
Xia(wy - wy) =1
sum of the weight distributed among the evaluation parameters must be one.

Step 3: The matrix x;;'s normalized values are computed as

= xl'l
nl] - Z?:j[xl'j (3)
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Step 4: Weighted normalized matrix N;; is calculated by following formula

Nij = w; X ny; 4

Step 5: sum of benefit criteria and the sum of cost criterion are calculated by following equations 5 and 6 respectively.
B; = X%, Ny 5
Ci = Xjtk+1 Nij (6)

Step 6: The relative importance of the choices should be determined. Calculations of alternative significance are based on
Qi. Higher the value of Q;, the better the response. Alternatives with the highest Q; value are Qmax). The following is a Qi
equation:

min ()XY, C;

min (C;) (7)

Q, = B, +
' ' CiXZ?=1(C—i)

Step 7: Next U; is calculated.

U; = #(Q) x 100% (8)

The highest relative level of significance is Cmax. An alternative's utility function rises or falls as the relative importance
value for that option does. From 0% to 100%, the utility value is possible. In a decision-making dilemma where multiple
criteria are present, this method permits the assessment of operational qualities, utility stages of weight, and instantaneous
and relative importance [22,23]. Three cast aluminium alloy series, "A357, A224, and 7475 (A357FS, A357RS, A357FC,
A357RC, A224FS, A224RS, 7475FS, and 7475RS" are examined for their machinability in this article. With regard to five
mechanical properties, namely "yield strength (in MPa), tensile strength (in MPa), elongation at fracture (in percent), strain
energy density (MJ/m3), and quality evaluation index (in MPa)" are evaluated for their machinability. Higher values are
needed for "yield strength, tensile strength, and quality evaluation index" among these (beneficial options). On the other
hand, "elongation at fracture and strain energy density" must meet minimum requirements (non-beneficial criteria). "The
ultimate tensile strength™ of a composite material is the amount of stress that it can withstand before breaking. The pressure
at which a metallic alloy starts to distort plastically is known as its "yield strength or yield point". The proportion
improvement in length from the starting length before to fracture is known as elongation at breakage. A metal alloy's strain
energy density is determined by how much strain energy it has per unit volume. It is equivalent to the region under "a metal
alloy's stress-strain diagram". A measurement of machinability known as "the quality index (QI)" can be written as "QI =
TS + log10EF," where TS stands for "tensile strength and EF" for elongation at breakage [24,25].

3. Analysis and dissection

TABLE 1. Mechanical properties of aluminium alloys

Aluminium Yield Tensile Quality Elongation at Strain energy

alloy strength (YS) | strength (TS) | index (Ql) fracture (EF) density (SED)
A357FS 303 372 535 12.19 46.04
A357RS 305 362 497 7.92 29.36
A357FC 305 340 389.9 2.16 8.08
A357RC 289 319 3395 1.37 4.87
A224FS 257 387 521.1 7.85 30.71
A224RS 236 369 511.6 8.96 3341
T475FS 479 506 609.8 4.92 27.99
7475RS 465 491 553.7 2.61 14.43

Table 1 shows the data set of the Mechanical properties of aluminium alloys. The study optimizes eight Al alloys
(“A357, A224, and 7475 (A357FS, A357RS, A357FC, A357RC, A224FS, A224RS, 7475FS, and 7475RS”) against five
options (yield strength (in MPa), tensile strength (in MPa), elongation at fracture (in percent), strain energy density
(MJ/m3), and quality evaluation index (in MPa)) using COPRAS ranking algorithm.
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FIGURE 1. Mechanical properties of aluminium alloys

The figure illustrates the data set of the Mechanical properties of aluminium alloys. The study optimizes eight Al alloys
(“A357, A224, and 7475 (A357FS, A357RS, A357FC, A357RC, A224FS, A224RS, 7475FS, and 7475RS”) against five
options (yield strength (in MPa), tensile strength (in MPa), elongation at fracture (in percent), strain energy density
(MJ/m3), and quality evaluation index (in MPa)) using COPRAS ranking algorithm.

TABLE 2. Normalized matrix
0.2077 0.2090 0.2344 0.3871 0.3867
0.2090 0.2034 0.2177 0.2515 0.2466
0.2090 0.1910 0.1708 0.0686 0.0679
0.1981 0.1792 0.1487 0.0435 0.0409
0.1761 0.2174 0.2283 0.2493 0.2579
0.1618 0.2073 0.2241 0.2845 0.2806
0.3283 0.2843 0.2672 0.1562 0.2351
0.3187 0.2758 0.2426 0.0829 0.1212

The normalized matrix of Performance Ratings of parameters of each base station is displayed in Table 2 above.
Equation 3 was used to create this matrix.

TABLE 3. Weight Distribution
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20
0.20 | 0.20 | 0.20 | 0.20 | 0.20

The preferred weight for the evaluation parameters is shown in Table 3. In this case, weight is equally distributed among
evaluation criteria and the sum of weight distributed is one.

TABLE 4. Weighted normalized decision matrix
0.04154 | 0.04180 | 0.04688 | 0.07742 | 0.07734
0.04181 | 0.04067 | 0.04355 | 0.05030 | 0.04932
0.04181 | 0.03820 | 0.03416 | 0.01372 | 0.01357
0.03962 | 0.03584 | 0.02975 | 0.00870 | 0.00818
0.03523 | 0.04348 | 0.04566 | 0.04986 | 0.05159
0.03235 | 0.04146 | 0.04483 | 0.05691 | 0.05612
0.06566 | 0.05685 | 0.05343 | 0.03125 | 0.04702
0.06374 | 0.05517 | 0.04852 | 0.01658 | 0.02424
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The Performance Ratings of the parameters of each base station are shown in Table 4 as a normalized matrix. Equation
4 was used to calculate this matrix, which was produced by multiplying tables 2 and 3.

TABLE 5. The sum of benefit criteria and the sum of cost criterion

Aluminium alloy | Bi Ci

A357FS 0.130 0.155
A357RS 0.126 0.100
A357FC 0.114 0.027
A357RC 0.105 0.017
A224FS 0.124 0.101
A224RS 0.119 0.113
7475FS 0.176 0.078
7475RS 0.167 0.041

Table 5 displays the total cost and total benefit criteria that were determined using equations 5 and 6. “yield strength
(in MPa), tensile strength (in MPa), elongation at fracture (in percent), strain energy density (MJ/m3), and quality
evaluation index (in MPa)” are used to optimize the machining ability of aluminium alloys.

Bi and Ci

Bi ==@==Ci

A357FS
0.200

7475RS  0.150 A357RS
0.100
0.050)
YZVE @000 A357FC

A224RS A357RC

A224FS
FIGURE 2. Bi and Ci

Equations 5 and 6 were used to calculate the total beneficial criteria and total cost criterion shown in Figure 2. “Yield
strength (in MPa), tensile strength (in MPa), elongation at fracture (in percent), strain energy density (MJ/m3), and quality
evaluation index (in MPa)” are used to optimize the machining ability of aluminium alloys.

TABLE 6. Relative significance and Utility degree

Aluminium alloy Qi Ui
A357FS 0.151 50.6126
A357RS 0.159 53.1287
A357FC 0.234 78.2754
A357RC 0.299 | 100.0000
A224FS 0.157 52.3765
A224RS 0.148 49.3536

7475FS 0.218 72.8173
7475RS 0.248 82.7964

Using equations 7 and 8, Table 6 displays the relative relevance and utility degree. Here utility degree value for A357FS
is 50.6126, A357RS is 53.1287, A357FC is 78.2754, A357RC is 100, A224FS is 52.3765, A224RS is 49.3536, 7475FS is
72.8173, and 7475RS is 82.7964.
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FIGURE 3. Utility Degree

Figure 3 shows the illustration of the Relative significance and Utility degree calculated by using equations 7 and 8.
Here utility degree value for A357FS is 50.6126, A357RS is 53.1287, A357FC is 78.2754, A357RC is 100, A224FS is
52.3765, A224RS is 49.3536, 7475FS is 72.8173, and 7475RS is 82.7964.

TABLE 7. Rank
Aluminium alloy | Rank
A357FS 7
A357RS
A357FC
A357RC
A224FS
A224RS
7475FS
7475RS

N0 WO

Table 7 shows the rank of alternatives using utility degree values in table 6. Here rank of alternatives using the
COPRAS method for A357FS is seventh, A357RS is fifth, A357FC is third, A357RC is first, A224FS is sixth, A224RS is
eight, 7475FS is fourth, and 7475RS is second.

7475RS A357RS

T7475FS A357FC

A224RS® A357RC

A224FS
FIGURE 4. Rank

Figure 4 illustrates the ranking of Ui from Table 6. Here rank of alternatives using the COPRAS method for A357FS
is seventh, A357RS is fifth, A357FC is third, A357RC is first, A224FS is sixth, A224RS is eight, 7475FS is fourth, and
7475RS is second. The specimen that is easiest to machine is "aluminium alloy A357RC" according to research. The lowest
"yield strength and tensile strength™ of this alloy, despite its medium "elongation at fracture and highest strain energy
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density"” bring it to the head of the aggregate ranking. Aluminum alloy 7475FS, which has "higher yield and tensile
strengths,” is the hardest material to process.

4, Conclusion

Aluminum alloys are a contemporary structural material used in a variety of engineering components because of their
low density and advantageous mechanical properties. The use of aluminium alloys in industry has grown significantly over
time as a result of its weightlessness and high strength properties. As a result of this discovery, the volume of aluminium
alloys that can be machined has been expanded, allowing for extensive use in industries like the aerospace industry. The
machining process is often the best finishing operation to provide superior dimensional accuracy and the best surface
quality in the field of item manufacture. To accomplish this, all components have had their cutting processes run at constant,
optimal machining speeds. All facets of a production process, including product design, quality assurance, and particularly
process management and machining processes, are related to processing parameters. As a result, it is crucial for engineers
to take into account when choosing materials. It also serves as the foundation for choosing cutting tools and optimizing
machining variables. The production workers are very interested in the machinability issue, and they examine the
machinability of a labor piece beforehand so that the procedure can be planned effectively. One of the key metals cutting
criteria that influences the choice of various other cutting conditions is the machinability of a materials. In this work, "the
COPRAS (Complex Proportional Assessment) approach” is used to examine the machinability properties of aluminium
composite materials. In this instance, 8 different composites are taken into account, and their machinability is assessed
based on various mechanical characteristics. According to observations, "aluminium alloy A357RC" is the most
machinable material. Despite having a medium "yield strength and tensile strength", this material's lowest "elongation at
fracture and highest strain energy density" propel it to the top of the overall ranking list. The hardest material to process is
"Aluminum alloy 7475FS," which has "higher yield and tensile strengths".
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