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Abstract. A solid-state joining technique called friction stir spot welding (FSSW) is used to combine
materials without melting them. In order to make a weld connection, a spinning tool that produces
warmth and mechanical agitation is used. The process variables, including rotating velocity, plunge
depth, dwell duration, and tool shape, are extremely important in defining the weld's quality and
properties. The relevance of parameters used in FSSW, their impact on weld characteristics, and
optimisation techniques for producing reliable and defect-free welds are all covered in this abstract. For
the effective deployment of FSSW across a variety of industries, including the automotive, aerospace, and
industrial sectors, it is crucial to comprehend and regulate process factors. Friction stir spot welding
(FSSW), a method of solid-state joining, provides several advantages over traditional welding methods. It
allows materials to be combined without melting them, which enhances the weld's quality, minimises the
heat-affected zone, and enhances the mechanical properties. This research examines the application of
the ARAS technique to determine the optimal process parameters for fabricating high-quality FSSW joints
in a number of industries, including the automotive, aerospace, and manufacturing. The ARAS technique
helps manufacturers and researchers choose process parameters with greater information, which
improves welding quality and overall efficiency in FSSW application. FSSW is a promising solid-state
joining method with several benefits, but obtaining reliable and high-quality welds depends on choosing
the right process variables. The ARAS technique offers a methodical and impartial way to assess and
choose the best parameters for FSSW while taking into account a number of factors and their respective
weights. Manufacturers and researchers may better understand the FSSW process and successfully
optimise parameters to boost weld quality, mechanical characteristics, and overall performance by doing
research in this field. A multi-criteria decision-making technique called the Ranking Alternatives by
Similarity to Ideal Solution (ARAS) method is used to assess and rank alternatives according to how
closely they resemble an ideal solution. It entails assessing the alternatives against predetermined
standards and figuring out how well they stack up using a similarity measure. Using the ARAS technique,
decision-makers may methodically evaluate and analyse several alternatives while taking many factors
into account. Alternate parameters taken as Tool rotational speed, Plunge rate, Plunge depth, Dwell time
Evaluation parameters taken as Tensile yield strength, Ultimate tensile strength, Shear strength,
Hardness at 0.05kg of load, Elongation in 50-mm gauge length. Plunge depth got 1% rank, Dwell time got
2" rank, Plunge rate got 3™ rank and Tool rotational speed got 4™ rank. Plunge depth got 1% rank with
less compensation.
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1. INTRODUCTION

In the friction stir spot welding (FSSW) variant of the process, a rotating tool is utilized to generate heat and
soften the metal. Several studies have been conducted to investigate the influence of welding settings and tool
properties on factors such as blistering forces, material moisture, joint shape, and mechanical behaviour. These
studies have demonstrated that FSSW is viable for introducing heat, regardless of whether similar or distinct
thermoplastic techniques are employed [1]. In the FSSW procedure, a rotating tool with a protruding pin is
inserted at a predetermined depth into the sheet. It extends and then retracts, leaving behind a keyhole. Friction
between the tool and the work piece generates heat, resulting in the softening of the surrounding material. The
movement of the pin causes the material to flow in both axial and circular directions, facilitating the mixing of
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different polymers. When FSSW is employed for load-bearing components, the material composition of the
tool's shoulder and the applied forging pressure play a crucial role in forming a strong bonding zone.
Consequently, weld strength is of great importance. Specifically, the shape of the tool and the process
parameters influence this strength [2].

The significance of input welding parameters in influencing the quality of the weld is widely recognized.
However, when it comes to joining aluminium alloys, there is a greater challenge due to the unavailability of
information from the admission exam. Achieving the highest possible weld quality is a significant hurdle when
utilizing innovative methods like FSSW for welding aluminium alloys. Hence, this study aims to investigate the
issue of obtaining optimal welding conditions to achieve the highest lap shear tensile strength [3]. Among the
various techniques for joining metal, friction stir spot welding (FSSW) is considered one of the most effective
methods for combining aluminium alloys. In this solid-state welding process, which is an extension of friction
stir welding (FSW), a modified rotor tool with a shaped pin and shoulder is utilized to connect the welds
through frictional heat input and plastic deformation. Despite its ability to create highly dynamic and metalized
joints, this method consumes relatively low amounts of electricity. However, the keyhole left behind by the tool
in processes such as RSW and SPR can act as a stress concentration factor and may affect the corrosion
resistance of the welds [4].FSSW is used to connect overlapped sheet metal in a fixed place without translating
the welding tool, yet using a procedure that is similar to FSW's. Similar to FSW, FSSW's key benefit is the
ability to build a junction without melting the primary metal. Numerous investigations on Al alloys have shown
that the bond area between the two sheets plays a crucial role in determining the static strength of FSSW joints
[5]. A variant of the friction stir spot welding (FSSW) technology is spot friction welding (SFW) or friction spot
joining (FSJ).The stir welding (FSW) procedure's primary distinction during FSSW, there is no lateral shift of
the instrument. This paper's goal is to present a thorough analysis of the literature data and commercial uses of
FSSW, mostly from the US, Japan, and Europe. It will be appropriate to explore particular FSSW topics after a
brief mention of FSW. Rotating device The point of the pin is recessed and often has a threaded form in sheets
that overlap work pieces are smoothed by friction, which creates heat between the tool and the workpiece causes
the flow of plastic material with the use of a pin or thread. a powerful press When the tool is resting on the
shoulder, forging pressure is produced after making contact with the surface, the sheet descends in layers that
overlap. Instrument withdrawn Process completed. At the moment, a solid state bond has developed at the
intersection of two sheets. Computer numerical control (CNC) Friction Controlled Milling Machine was used to
create the welds [6]. A weld cycle may be finished in a matter of seconds due to the process' quickness. Upon
tool failure, a vertical force is produced as a result of the processing settings, on the tool axis. By altering the
tool rotation frequency and tool design, weld interface properties may be improved. Better knowledge of the
development of FSSW for spot welding uses is the subject of current research [7]. The settings for the tested
welding were chosen different cycle rates and tools were employed to conduct a sensitivity study on the impact
of fundamental material qualities, tool shape, and process factors in heat generation. Weld steels with various
mechanical and surface characteristics. To capture variations in the generation of heat and thermal cycles
between various welding settings, tool depth of penetration and residence duration are chosen to mimic
industrial welding situations [8]. Using resistance spot welding, it is difficult to create sturdy connections in
aluminium alloys on a stand as a result, riveted aluminium sheet metal constructions are frequently seen. One
alternative to riveting is friction stir spot welding (FSSW), a newly developed solid-state spot welding method.
A heat-treatable aluminium alloy in T4 and T6 phases, with and without Alclad layers, was the subject of FSSW
tests. Several different tools were used to make welds for a broad spectrum of process parameters Analyse their
impact on buckling development and bond width. We investigated the impact on layers and base material
temperature conditions. In joints formed by FSSW and riveting, lap shear and longitudinal stress tests were
conducted [9]. The study concentrated on analysing the changes in frictional microstructure and interfacial
roughness. To get the ideal process parameters, limit spot welding of dissimilar materials carried out outside of
testing and other grounds. Systematic evaluation for development process variables to achieve maximum tensile
strength, minimal interface roughness, and shear failure load different aluminium and copper alloy joints exist.
This inquiry is being carried out to the goal is to raise and reduce the roughness of the interface application of
statistical analytic techniques to the friction stir spot welding of tensile shear failure loads with variable
composites [10]. To alter FSSW, several experiments have been conducted to improve the joint's mechanical
characteristics. Refill again FSSW, pin-less FSSW, and swing FSSW are a few of these keyhole-removal
variations. They looked at the effects of process variables including noise tool rotation speed, and tool plunge
depth. They also spent effort on mechanical characteristics like toughness and lap-shear force [11]. It takes a lot
of work to comprehend the material flow behaviour, determine the creation of the joint's microstructure and
associated mechanical characteristics, and attain the joint's ideal attributes. It is crucial for researchers to
identify the characteristics that affect the welded joint's qualities and understand how they affect those
properties. In an extruded composite, it was previously described how friction spot welding process factors
affected the bonding and tensile shear modulus of lap joints [12]. Additionally reported was a dual-sided FSSW
with back-low instrumentation to enhance the weld joint's mechanical characteristics. According to the micro
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structural research, grain grew in the direction of arm collapse surface abrasion model and reported existence of
oxide layer alters the tensile strength of joints a tool's profile. It significantly contributes to lowering the hook
diameter at the interface. The print flow changes when a triangle tool is used to increase the strength of the
tensile shear joint buckle damaged materials [13]. A local rearward discharge is seen as the spinning tool is
introduced into the sheets, and the top sheets and tool shoulder have reached their full correlation. Then a heat
flux is produced. Heat is produced when frictional forces do their work inspection of the material's flow and
microstructure. In the weld area, an entire lead is obtained knowledge of the dynamics of processes consider
posterior discharge, a portion of the joint the dynamics for the two related Sheets are emphasised. Since there is
no tool feed rate, the metal flow asymmetry that is typical of FSW operations is not present specifically, the
surface of the interaction the lower model has an upward deformation and between two linked sheets, such an
entity creates the outline of a machine anchorage [14]. The FSSW Papers' macro and micro structural
characteristics were looked at. The FSSW model was created in accordance with accepted sample preparation
practises, which included grinding, polishing, and etching. The primary goal of the current work was to
ascertain how the mechanical characteristics of aluminium alloy sheets united by FSSW depended on the weld
structure and tool rotation speed [15].

2. METHODOLOGY

We review how the ARAS approach evolved from three perspectives: the mechanism for making decisions,
various information settings, and combination with other techniques. Applications of the ARAS approach in the
agricultural, industry, service, and information industry sectors are also shown below, along with a discussion of
upcoming difficulties from the standpoint of the ARAS system data, time, and group decision-making (GTM)
[16]. The issue of rating a finite number of outcomes is a common MCDM problem. The options are each based
on distinct choice criteria that must be considered at the same time, and they are each fully defined. The ARAS
system claims that an application. The relative impact of the amounts and weights of the important criteria taken
into account in a project creates a function value that clearly defines the complicated relative achievement of a
viable alternative [17]. The challenge of selecting an inventory distribution idea has been resolved using an
enhanced modification of the Admission Ratio Assessment (ARAS) approach. The suggested picture fuzzy
ARAS approach, however, is general and may be applied by any other Company. A comparison with nine in
order to verify the new picture fuzzy ARAS approach modern multi-criteria decision-making techniques using
fuzzy images are given [18]. The admission rate is estimated (ARAS) technique can be a good tactic in this case.
ARAS is based on the idea of occurrences simple relative comparisons that have been previously presented can
be used to resolve complex domains with competing criteria. In contrast, IVIF values offer a better suitable
modelling possibility for resolving challenging real-world challenges. The ARAS method's benefits come from
its capability to evaluate expert preferences in an efficient manner [19]. There was an assessment procedure, and
it was carried out utilising the ARAS approach. Grades must be evaluated in order to be placed on a scale of
(1e5) as a measure of performance. It has many different uses several domains, including: company rankings,
staff selection indicators of social responsibility from the Chief Accountant Examination, rank financial
institutions and online banks based on consumer confidence in assessments of sustainable construction. Its
results include broad use and rapid expansion simple, clear-cut, uncomplicated, and direct action pays reward
results in ranking/selection of various recommended alternatives based on their performance in light of the
chosen weighted assessment criteria should be reasonable, acceptable, and accurate [20]. Find the decision
matrix's formulation for each criterion. An MCDM issue with m possible solutions and n decision matrix can be
used to condense the criteria. The normalized decision matrix is as follows:

. m .
-X:'j/ Ej:[) Xij JE Qmax

1/xt'j/ E:‘:o Xij J € Quin

Figure out the overall performance by introducing rank [21]. While ARAS was used to rate the choices and
choose the best solution we use to address the current issue. The same issue was adopted again and addressed
with COPRAS in TOPSIS and later to further establish that all MCDM techniques advise the same material for
optimum selection, one further MCDM method, ARAS, is employed, and three ranks are compared. Therefore,
utilising a material selection algorithm to solve a problem of this study work is unusual in that it combines the
entropy-ARAS approach for the first time and re-evaluates the ranking of prior analyst assignments [22]. In this
research, a brand-new, creative integration method employing ARAS-F is proposed to select the best source
after evaluation. There is several multi-category ambition levels provided a multidisciplinary strategy may be
better suitable for this kind of decision-making [23]. A subset of MCDM that uses straightforward relative
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comparisons to solve complex problems is called ARAS. Here is to choose the best option, the technique
employs the fundamental idea of optimality by computing the ratio of normalised and summation values for a
set of choices. The values of the normalised and weighted criteria are added to create the weighted criteria [24].
ARAS is short for It is regarded as a straightforward yet efficient technique of processing MCGDM problems
using weighted scale scores and normalised sum ratio, which indicate how successfully the problem was
handled by this is reflected in the normalised and weighted scale values. How excellent the alternative scores are
originally the ARAS approach has been expanded to include grey matter and fuzzy numbers. These are the
ARAS-F numbers [25].

Alternate Parameters:

1)

2)

3)

4)

The pace at which a tool spins around its axis during machining or drilling operations is referred to as
tool rotational speed. Examples of such tools are cutting tools and drill bits. It is commonly expressed
in revolutions per minute (RPM) and has a direct impact on the effectiveness and quality of the
workpiece as well as the cutting or drilling performance. The rate of material removal, heat production,
chip formation, and tool life are all influenced by the rotating speed of the tool and the material being
worked on. To achieve desired results in various machining processes, optimal performance and
avoidance of possible problems such tool wear, workpiece damage, or insufficient surface polish,
proper tool selection and control of tool rotational speed are essential.

The pace at which a tool falls or plunges into a workpiece during machining is referred to as the plunge
rate. It is frequently measured in measures of length per unit of time, such as inches per minute or
millimetres per second, and it depicts the vertical motion of the tool as it enters the material.

The depth at which a tool enters a workpiece during machining is referred to as the "plunge depth.” It

establishes how deeply the tool penetrates the material, having an effect on things like material
removal, cutting forces, and chip formation. To balance effective material removal with preventing
undue tool stress, proper plunge depth control is essential for obtaining desired machining results.
Plunge depth optimisation entails taking into account elements including workpiece material, tool
characteristics, and the intended machining outcome.

The term "dwell time™ describes how long a tool stays still in one place while being used to cut
something. It is an indication of how long the tool remains stationary in contact with the workpiece.
Dwell time can be utilised to manage particular machining operations, including providing pressure or
shaping, allowing for material deformation, or getting the required outcomes. Machine operators can
modify the dwell duration to affect things like material behaviour, surface quality, and the final result
of the machining operation.

Evaluation Parameters:

1)

2)

3)

4)

The term "tensile yield strength™ describes the highest stress that a material can bear before it deforms
permanently or begins to behave plastically when subjected to tensile loading. The transition from
elastic to plastic deformation of a material is represented by this point. The capacity of a material to
endure applied stresses without permanently deforming is determined by its tensile yield strength, a
crucial mechanical attribute. Units of pressure or force per unit area, such as pounds per square inch
(psi) or megapascals (MPa), are commonly used to quantify it.

The term "ultimate tensile strength" describes the highest stress that a material can withstand without
completely breaking or failing under tensile loading. The material's maximal resistance to outside
pressures is shown by the fact that it is at its highest position on the stress-strain curve. A crucial
mechanical characteristic used to assess a material's solidity and capacity to sustain high-stress
situations is ultimate tensile strength. Units of pressure or force per unit area, such as pounds per square
inch (psi) or megapascals (MPa), are commonly used to quantify it.

The greatest stress that a material can sustain before fracturing or failing under shear loading is known
as shear strength. It symbolises a material's resistance to forces acting perpendicular to its planes or
surface and leading to slide or deformation. The capacity of a material to endure shear forces, such as
those encountered in cutting, punching, or shearing processes, is determined by the mechanical
property known as shear strength.

The resistance of a material to indentation at a particular load is referred to as hardness at 0.05 kg of
load. It gauges how much deformation a material can endure when 0.05 kg of force is applied. The
stronger the substance's resistance to indentation under such load, the higher its hardness value.
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5) The amount of deformation or stretch a material experiences within a particular gauge length of 50 mm
is measured as elongation in a 50-mm gauge length. It shows the amount by which the material's length
increases in response to a tensile force. The greater pliability and ductility of the material are indicated
by higher elongation values, whilst less flexibility or brittleness is suggested by lower values.

3. RESULT AND DISCUSSION

TABLE 1. Friction Stir Spot welding process parameters

Tensile yield Ultimate tensile Shear strength Elongation in 50-mm | Hardness at 0.05kg of
strength (MPa) strength (MPa) (MPa) gauge length (%) load (Hv)
Min or max 25.421 36.025 45.362 41.035 12.63
Tool rotational speed 10.504 17.083 45.062 25.036 25.63
Plunge rate 25.421 13.56 17.025 23.632 15.202
Plunge depth 23.451 32.123 45.362 41.035 12.63
Dwell time 15.023 36.025 42.036 15.265 36.025

Table 1 show that the Friction Stir Spot welding process parameters. The alternatives are Tool rotational speed,
Plunge rate, Plunge depth, Dwell time. The Evaluation parameters are tensile yield strength, Ultimate tensile
strength, Shear strength, Hardness at 0.05kg of load, Elongation in 50-mm gauge length.

Friction Stir spot welding process parameters

I SN LRSS

= = e Pl LOLG P Pl

LA LnE

FIGURE 1. Friction Stir Spot welding process parameters

TABLE 2. Normalized Data

® min or max

® Tool rotational speed

® Plunge rate
® Plunge depth

® Dweell time

Tensile yield Ultimate tensile Shear strength Elongation in 50-mm gauge Hardness at 0.05kg
strength (MPa) strength (MPa) (MPa) length (%) of load (Hv)
min or max 0.25467 0.26722 0.23281 0.28106 0.27217
Tool rotational 0.10523 0.12671 0.23127 0.17148 0.13412
speed

Plunge rate 0.25467 0.10058 0.08738 0.16186 0.22612

Plunge depth 0.23493 0.23827 0.23281 0.28106 0.27217

Dwell time 0.15050 0.26722 0.21574 0.10455 0.09542

Table 2 show that the Normalized Data for all the Benefit & Non-Benefit parameters.
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FIGURE 1. Nommalized Data

TABLE 3. Weights

weightages
min or max 0.2 0.2 0.2 0.2 0.2
Tool rotational speed 0.2 0.2 0.2 0.2 0.2
Plunge rate 0.2 0.2 0.2 0.2 0.2
Plunge depth 0.2 0.2 0.2 0.2 0.2
Dwell time 0.2 0.2 0.2 0.2 0.2

Table 3 show that all Benefit & Non-Benefit parameters are having same weightage.

TABLE 4. Weighted Normalized Data

Weighted Normalized Data
min or max 0.05093 0.05344 0.04656 0.05621 0.05443
Tool rotational speed 0.02105 0.02534 0.04625 0.03430 0.02682
Plunge rate 0.05093 0.02012 0.01748 0.03237 0.04522
Plunge depth 0.04699 0.04765 0.04656 0.05621 0.05443
Dwell time 0.03010 0.05344 0.04315 0.02091 0.01908

Table 4 shows the Weighted Normalized Data for All the Alternate & Evaluation Parameters

TABLE 5. Si & Ki

optimality function Si utility degree Ki
min or max 0.26158 1
Tool rotational speed 0.15376 0.58781
Plunge rate 0.16612 0.635061
Plunge depth 0.25185 0.962782
Dwell time 0.16669 0.637217

Table 5 shows the Optimality function Si and Utility degree Ki for All the Alternate & Evaluation Parameters.
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FIGURE 3. Optimality Function Si & Utility degree Ki

TABLE 6. RANK

rank

Tool rotational speed
Plunge rate

Plunge depth

Dwell time

NP lW|>

Table 6 shows that Plunge depth got 15t rank, Dwell time got 2™ rank, Plunge rate got 3™ rank and Tool
rotational speed got 4" rank.

Tool rotational Plungerate  Plunge depth Dwell time
speed

FIGURE 4. Rank

4. CONCLUSION

A weld cycle may be finished in a matter of seconds due to the process' quickness. Upon tool failure, a vertical
force is produced as a result of the processing settings, on the tool axis. By altering the tool rotation frequency
and tool design, weld interface properties may be improved. Better knowledge of the development of FSSW for
spot welding uses is the subject of current research. The settings for the tested welding were chosen different
cycle rates and tools were employed to conduct a sensitivity study on the impact of fundamental material
qualities, tool shape, and process factors in heat generation. Weld steels with various mechanical and surface
characteristics. To capture variations in the generation of heat and thermal cycles between various welding
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settings, tool depth of penetration and residence duration are chosen to mimic industrial welding situations. A
subset of MCDM that uses straightforward relative comparisons to solve complex problems is called ARAS.
Here is to choose the best option, the technique employs the fundamental idea of optimality by computing the
ratio of normalised and summation values for a set of choices. The values of the normalised and weighted
criteria are added to create the weighted criteria. ARAS is short for It is regarded as a straightforward yet
efficient technique of processing MCGDM problems using weighted scale scores and normalised sum ratio,
which indicate how successfully the problem was handled by this is reflected in the normalised and weighted
scale values. How excellent the alternative scores are originally the ARAS approach has been expanded to
include grey matter and fuzzy numbers. These are the ARAS-F numbers. Table 6 shows that Plunge depth got 1%
rank, Dwell time got 2" rank, Plunge rate got 3™ rank and Tool rotational speed got 4" rank.
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