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Abstract 
Friction stir spot welding is an eco-friendly high efficiency 

solid state welding technique which produces the Welding lap 

joints of two dissimilar material of aluminum alloy to a 

commercially used copper alloy. Generally Copper has an 

excellent electrical and thermal conductivity combined with 

high ductility and creep resistance which are used in the 

current carrying electrical connection and components in the 

automobile and electrical Industry. A number of Experiments 

have been carried out in this paper which focus on the tensile 

strength and heat affected zone at the welding joint by 

changing the different parameters such as rotational speed, pin 

length and tool tilt angle respectively. A statistical technique 

like Taguchi Method using L9 orthogonal array was used for 

optimizing of the different parameters to find out the 

maximum tensile strength and observed the heat affected zone 

of the welding joint. 

 

Keywords: Dissimilar joints, Friction stir spot welding, Heat 

affected zone, Mechanical properties, Optimization technique, 

Taguchi. 

 

Introduction 
Lightweight materials play an important role in the aircraft 

and automobile industries as they offer good performance to 

weight characteristics. Al and Cu are good electrical 

conductive materials which are found in the electrical power 

transmission units of various fields like automobiles, air craft 

structures, ship building, etc. Copper has an excellent thermal 

conductivity along with high ductility, creep resistance and 

corrosion resistance as a result of this reasons copper 

materials being considered to be state of the art in current-

carrying components for automotive applications. However, 

using copper has also some disadvantage regarding the high 

procurement costs and the high material density. From 

considering this above properties of both copper and 

aluminum, dissimilar aluminum-copper joints represent a 

solution with great potential for weight and cost-optimized 

conductors [1,2].With the intention of producing joints for 

electrical contacts, it is well-known that firmly bonded joining 

is preferred to interlocking and force-locking joining 

techniques, due to better electrical performance of the joint. 

The light weight metals were welded by resistance spot 

welding, laser spot welding and riveting. However, these 

methods employed to join aluminum sheet metal have some 

disadvantages. Conventional resistance spot welding suffers 

from tool consumption during welding, distortion due to heat, 

and poor weld strength; porosity defects cannot be avoided in 

laser spot welding; riveting increases the weight and needs 

special tooling. Friction stir welding (FSW) is a solid state 

pressure welding process that operates below the melting 

point temperature which was developed by The Welding 

Institute (TWI), UK in 1991.It offers a various advantages 

such as plastic deformation, good mechanical and 

metallurgical properties, high joint efficiency, and eco-

friendly process, which has received considerable attention in 

recent times to weld aluminum alloys .Friction stir spot 

welding (FSSW) is a variant of Friction Stir Welding (FSW) 

process in which a series of solid state friction stir spot welds 

are made to join the dissimilar overlapping plates, by a non-

consumable rotating tool. In friction stir spot welding process 

a individual spot weld is created by pressing the non-

consumable tool which has a shoulder and pin. The sheet is 

plunged with the tool pin until the shoulder applies a high 

forging pressure, which bonds the components through 

metallurgical process without melting. Xue et al.[3] and 

Akinlabi[4].These authors inform unanimously on the 

importance of positioning the harder copper material on the 

advancing side (AS) and the softer aluminum work piece on 

the retreating side (RS) in order to manufacture sound welds 

free of defects. Moreover, a lateral offset towards the softer 

aluminum material is recommended to improve the material 

Flow, and thus, the weld quality. Fratini et al. [5] [2007] 

studied the friction stir spot welding (FSSW) of AA6082-T6. 

In particular, process mechanics is highlighted and joint 

strength is considered in relation to varying the most relevant 

process parameters. Furthermore, the results obtained are 

compared with those derived from the application of 

traditional mechanical fastening techniques such as clinching 

and riveting. In this way the effectiveness of FSSW is 

highlighted. Ramanjaneyulu et al. [6] revealed that change in 

pin profiles alters the tensile strength of the joints and higher 

yield tensile strength, which was attributed to the formation of 

low TMAZ width. Thus, it is known from the literature that 

the pin profile has crucial role in determining the material 

flow and joint properties. Muna K. Abbass [7] investigated the 

behavior of friction spot welding by taking the two dissimilar 

material i.e. 2mm thickness aluminum alloy AA2024T3 and 
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commercial pure copper sheets (99.8%) were used as base 

materials. FSSW welding process is carried out at different 

parameters i.e. tool rotational speed (800, 1000, 1250), 

plunging time (30,60,90sec) and different tool geometry. He 

found that from this experiment tensile shear force increases 

with increasing tool rotational speed up to specific limit and 

the tensile shear force is maximum at  rotation speed of 1250 

rpm , plunging time of 90 sec and straight cylindrical pin 

profile which are obtained from the analysis of response 

optimizer. He also found that   plunging time and same tool 

pin profile is the most effective parameters.  

Thus, it is known from the literature that the pin profile, tool 

rotational speed plays an important role to determine the 

material flow and joint properties. The material flow behavior 

and the joint properties prediction of dissimilar material were 

not clearly revealed. Hence, in this investigation, taking three 

parameters as tool rotational speed, tool tilt angle and pin 

length were chosen and also optimized this parameter by the 

Taguchi method to know about the change of mechanical 

properties around the welded nugget area. 

 

Experimental Analysis and Methodology 
 

AA6061 aluminum alloy sheets with a thickness of 2.5 mm 

and commercial copper sheet having 98% copper of 3.0mm 

thickness were used as base alloys in this investigation. The 

sheets were cut to required size by shear-off machine, 

followed by surface grinding to remove oxides and scales. 

The dimensions of the AA6061 sheet and commercial copper 

are 80mm × 20 mm × 2.5 mm and 80mm × 20 mm × 3 mm 

respectively. The weld configuration used in this study is lap 

joint. The sheets were friction stir spot welded in a 30 mm 

overlap configuration. The chemical composition and 

mechanical properties of the base alloys are presented in 

Tables below. The rolling direction of the material was kept 

parallel to the loading directions, and the joints were initially 

secured with the help of mechanical clamps. A non-

consumable rotating tool made of high speed steel (HSS) was 

used to fabricate the lap joints with different pin length. An 

indigenously designed and developed vertical milling machine 

into friction stir welding machine having maximum tool 

rotational speed 1800 was used to fabricate the lap joints. 

 

 
 

Figure 1: Dimensions of Lap shear tensile specimen 

 

 

Table 1: Chemical composition (wt. %) of base alloys 

 

Alloy Zn Ti Fe Cu Al Mn Si Mg 

Copper 9.15 0.01 0.02 90.73 -- -- -- -- 

AA6061 0.25 0.15 0.7 0.15 95.8 0.33 0.53 0.69 

 

From the literature review, the process parameters that 

influenced the strength of FSSW joints were identified as tool 

rotational speed, tool tilt angle and tool pin length. A large 

number of trail experiments were conducted to determine the 

feasible working range of the different by varying different 

value. It was necessary to consider a wider parameter window 

for the parametric investigation. Design of experiments (DoE) 

was used to ensure an efficient procedure in terms of test 

effort and quality of results. Using the statistics software 

Minitab 18 (Minitab GmbH, Munich, Germany), an 

experimental plan was created. This was a fractional factorial 

Taguchi L9 design with three factors and three levels. Taguchi 

orthogonal plans are known to be suitable for parameter 

optimization purpose. The working range of each parameter 

and their levels are present below. 

 

Table 2: Control Parameters & their levels 

 

Parameters Symbol 
Levels 

1 2 3 

Tool  rotation speed 

(RPM) 
A 710 1120 1800 

Pin length (mm) B 3.5 4 4.5 

Tool Tilt angle (0) C 0 1 2 

 

 

 
 

Figure 2: Experimental image of friction stir spot welding 

 

 
 

Figure 3: Tensile shear force test specimens 
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Friction stir spot welding is created by pressing a rotating tool 

with high force onto the top surface of two sheets that overlap 

each other in the lap joint because of the frictional heat and 

the high pressure the work piece material will be plasticized, 

so that the tip of the pin plunges into the joint area between 

the two sheets and stirs-up the oxides. The pin of the tool is 

plunged into the sheets until the shoulder is in contact with the 

surface of the top sheet. The shoulder applies a high forging 

pressure, which bonds the components metallurgic ally 

without melting. The tool consists of a rotating pin and a 

shoulder. The pin is the part of the tool that penetrates into the 

materials. Both the pin and the shoulder may be profiled to 

push the plasticized material in a particular direction and to 

efficiently break-up and disperse the oxide skins on the 

adjacent surfaces. After retracting the tool, a hole remains 

forms, when using one-piece tools, which have already proven 

themselves as very reliable in the automotive and the rail 

vehicle industry. Often the rotating tool is surrounded by a 

non-rotating clamping ring with which the work pieces are 

pressed firmly against each other before and during welding 

by applying a clamping force. The clamping ring can also be 

used to reduce the pressing out of plasticized material. The 

shear tensile tests were conducted for all the friction stir spot 

welded samples by using a tensile testing machine to 

determine the maximum shear force of the joints. The 

specimens used in this study for the tensile testing are shown 

in figure-3. For micro structural analysis, the cross sectioned 

samples were prepared using standard metallographic 

procedure. The samples were etched by a modified Keller’s 

reagent to reveal the aluminum alloy microstructure and 

subsequently, the copper side was etched with a solution of 5g 

FeCl3, 50ml HCl and 100ml H2O. Observations of 

microstructure were performed using an optical microscope. 

For identifying and quantifying the elemental compositions of 

phases formed, scanning electron microscope (SEM) equipped 

with an energy-dispersive X-ray spectroscopy (EDS) analysis 

system should be use for further analysis. 

 

Multi objective optimization on the basis of the ratio 

analysis method (MOORA) 

The MOORA method (Multi objective optimization on the 

basis of the ratio analysis) has been used to disregard 

unsuitable substitutions by selecting the most appropriates an 

also by collation the selection parameter. It is a decision 

making method, where the objectives were restrained for 

every pronouncement of outcomes from a set of available 

alternatives. The MOORA method can be functional in 

numerous forms of complex multi objective optimization 

problems. In MOORA method the recital of the diverse output 

responses is arranged in a decision matrix as specified in 

Equation (i) [8]. 

 

   (i) 

 

Where, xij is the performance measure of the ith alternative on 

jth attribute, m is the number of alternatives, and n is the 

number of attributes. 

A ratio system will be formed by normalizing the data of 

decision matrix which can be calculated by using the equation 

(ii). 

 

 (j = 1, 2, …… n)   (ii) 

 

Where,  represents the normalized value x which is a 

dimensionless number which lies between 0 and 1 ith 

alternative on jth attribute. 

After that, the normalized value will be added for 

maximization problem or subtracted in case of minimization 

problems. In some cases, some of the attributes have more 

importance than others, and to deliver even more importance 

to these attributes, they are multiplied by their corresponding 

weight. After the consideration of weight, the equation will 

be: 

 

   (iii) 

 

where, g is the maximized number of attribute, (n-g) is the 

attributes to be minimized and  is the weight of jth attribute. 

 is the normalized assessment value of the ith alternative 

relating to all the attributes. After calculation of normalized 

assessment value, ranking of  is done from highest to lowest 

value to know the best alternate among the entire attributes. 

Thus, highest  value is the best alternative among all since 

ranking of the  is the final preference. [8]. 

 

Desirability Function Analysis 

Here, the first step is to convert each response into the 

corresponding desirability value. The desirability value varies 

within zero to unity which be subject to the preferred range of 

the responses and the target value to be achieved. If the 

response touches its target value, which is the most desired 

condition, its desirability is consigned as unity. If the value of 

the response falls outside the prescribed tolerance rage, which 

is not desired, its desirability value is implicit as zero. 

Consequently, desirability value may vary within zero to 

unity. Derringer and Suich in 1980 proposed the formulae to 

calculate the desirability of each response depending upon the 

requirement of the target value. To calculate the individual 

desirability index (di) for the corresponding responses using 

two forms of the desirability functions according to the 

response characteristics [8]. 

 

Smaller-the better 

Smaller the better characteristic is functional to regulate the 

individual desirability values when the objective is to 

minimize the response. The value of  is predictable to be the 

smaller the better. When the  is less than a precise criteria 

value, the desirability value equals to 1; if the  surpasses a 

certain criteria value, the desirability value equals to 0. The 

desirability function of the-smaller-the-better can be defined 

as specified in Equation (iv) [8]: 

 

(iv) 
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Where the  signifies the lower tolerance limit of , the 

 signifies the upper tolerance limit of , and r denotes the 

weight. If the corresponding response is predictable to be 

closer to the target, the weight can be set to the larger value; 

otherwise, the weight can be set to the smaller value.  

 

Larger-the better 

Larger the better characteristic is applied to determine the 

individual desirability values for tool life since objective is to 

maximize the tool life. The value of  is predictable to be the 

larger the better. When the  outdoes a particular criteria 

value, which can be viewed as the obligation, the desirability 

value equals to 1; if the  is less than a particular criteria 

value, which is deplorable, the desirability value equals to 0. 

The desirability function of the larger-the better can be written 

as given in Equation (v) [8]: 

 

  (v) 

where the  represents the lower tolerance limit of , the 

 represents the upper tolerance limit of and r represents 

the weight. 

In the next step, calculate the overall desirability value . 

The individual desirability index of all the responses can be 

combined to form a single value called composite desirability 

by the following Equation (vi): 

 

     (vi) 

where  is the individual desirability of the property ,  is 

the weight of the property  in the composite desirability and 

W is the sum of the individual weights. 

 

The suggested approach is based on an integrated simple 

additive weighting and exponentially weighted product model. 

It can be a compendium of compromise solutions. To solve a 

COCOSO decision problem, after determining the alternatives 

and the related criteria, the following steps are validated[9]: 

The initial decision-making matrix is determined as shown 

below 

 

    (vii) 

 

The normalization of criteria values is accomplished based on 

compromise normalization equation 

 

 ; for benefit criterion  (viii) 

 

 =  ; for cost criterion   (ix) 

The total of the weighted comparability sequence and the 

whole of the power weight of comparability sequences for 

each alternative sum of the weighted comparability sequence 

and also an amount of the power weight of comparability 

sequences for each alternative as Si and Pi, respectively: 

 

   (x) 

 

This Si value is achieved based on grey relational generation 

approach: 

 

   (xi) 

 

This Pi value is also achieved according to the WASPAS 

multiplicative attitude. 

Relative weights of the alternatives using the following 

aggregation strategies are computed. In this step, three 

appraisal score strategies are used to generate relative weights 

of other options, which are derived using Formulas (xii)–

(xiv):    

 (xii)   Kia=    ,      (xii) 

 (xiii) 

 ; 0≤ λ ≤1 (xiv)            

It is interpreted that Equation (xii) expresses the arithmetic 

mean of sums of WSM and WPM scores, while Equation 

(xiii) expresses a sum of relative scores of WSM and WPM 

compared to the best. Equation (xiv) releases the balanced 

compromise of WSM and WPM models scores. In Equation 

(xiv), λ (usually λ=0.5) is chosen by decision-makers. 

However, the flexibility and stability of the proposed CoCoSo 

can rely on other values.  

The final ranking of the alternatives is determined based on ki, 

values (as more significant as better):  

 

  (xv) 

 

Results and Discussions 
Overview on the mean values and standard deviations of the 

tensile strengths and the electrical resistances of the base 

materials used are given in Table 3. A universal testing 

machine (UTM), also known as a universal tester, materials 

testing machine or materials test frame, is used to test 

the tensile strength and compressive strength of materials. An 

earlier name for a tensile testing machine is a tensometer. The 

"universal" part of the name reflects that it can perform many 

standard tensile and compression tests on materials, 

components, and structures (in other words, that it is 

versatile). The specimen is placed in the machine between the 

grips and an extensometer if required can automatically record 

the change in gauge length during the test. If an extensometer 

is not fitted, the machine itself can record the displacement 

between its cross heads on which the specimen is held. 

However, this method not only records the change in length of 

the specimen but also all other extending / elastic components 

of the testing machine and its drive systems including any 

slipping of the specimen in the grips. Once the machine is 

started it begins to apply an increasing load on specimen. 
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Throughout the tests the control system and its associated 

software record the load and extension or compression of the 

specimen. The entire specimens are carried out for the tensile 

test by the universal testing machine and as a result it gave the 

ultimate tensile strength and maximum load of the nugget 

joint area. Here also we will find out the heat affected zone 

that means how much area will be affected after the friction 

stir spot welding joint. All the specimens are tested at the 

universal testing machine and the values and graph are given 

in Table-4. 

 

Table 2: Properties of the base material 

 

Base Material 
Tensile strength 

(MPa) 

Electrical 

resistance (µΩ) 

AA6061 

aluminum alloy 
212 7.18±0.12 

Commercial 

copper 
268 4.08±0.09 

 

 

Table 4: Orthogonal array L9 of the experimental runs and responses 

 

Expt. No. A B C Max. Force (kN) Max. Stress (Mpa) HAZ (mm) 

1. 710 3.5 0 9.24 42 7 

2. 710 4 1 9.74 44 6 

3. 710 4.5 2 12.62 57 6.43 

4. 1120 3.5 2 11.32 51.45 6.4 

5. 1120 4 0 10.14 46 6.49 

6. 1120 4.5 1 12.84 58 7.1 

7. 1800 3.5 1 11.4 69 7 

8. 1800 4 2 13.32 60.54 4.9 

9. 1800 4.5 0 11.9 54 7 

 

Optimization using MOORA Technique  

Now, MOORA optimization method is applied to find out the 

optimal parameters for FSSW process. The normalization of 

the output responses is done conferring to Equation (ii). After 

that the normalized assessment values were calculated. Equal 

percentage of weight is considered for Max. Force, Max. 

Stress, HAZ and the sum of all the weights will be 1. The 

MOORA overall assessment value is calculated using 

equation (iii) and ranked according to the highest value of the 

overall assessment value. Table 5 shows the shows the 

normalized assessment values of the responses and overall 

assessment value and their ranking according to the highest 

value. 

 

Table 5: Normalized Individual Assessment Values and 

Overall Assessment Value 

 

Run No. 
Max. 

Force 

Max. 

Stress 
HAZ yi Rank 

1. 0.1077 0.1074 0.1159 -0.1157 5 

2. 0.0946 0.0830 0.1007 -0.0893 1 

3. 0.1115 0.1105 0.1199 -0.1190 6 

4. 0.0992 0.0993 0.1215 -0.1217 8 

5. 0.1022 0.1020 0.1070 -0.1068 3 

6. 0.1240 0.1333 0.1220 -0.1314 9 

7. 0.1103 0.1112 0.1181 -0.1191 7 

8. 0.1182 0.1176 0.0953 -0.0949 2 

9. 0.1189 0.1181 0.1159 -0.1151 5 

 

In the above table, it can be seen that by using the MOORA 

method for a particular values of input parameter in 

experiment no. 2 has the highest overall assessment value. 

Therefore, experiment no. 2 is an optimal parameter 

combination for FSSW according to MOORA technique 

optimization. 

Optimization using Desirability Function Analysis  

In this study, the smaller-the-better characteristic is applied to 

determine the individual desirability values (di) for max. 

stress, max. deformation, max. strain using equation (iv) since 

all are to be minimized. After calculating individual 

desirability, the composite desirability (d0) is calculated using 

equation (vi) is shown in table 6.  

 

Table 6: Evaluated Individual Desirability and Composite 

Desirability 
 

Sl. No. 

Individual Desirability (di) 
Composite 

Desirability (d0) Top Bottom Side 

1. 0.5527 0.5141 0.2288 0.3998 

2. 1.0000 1.0000 0.7974 0.9259 

3. 0.4237 0.4532 0.0784 0.2441 

4. 0.8430 0.6752 0.0196 0.2181 

5. 0.7398 0.6229 0.5621 0.6367 

6. 0.0000 0.0000 0.0000 0.0000 

7. 0.4645 0.4400 0.1438 0.3063 

8. 0.1978 0.3116 1.0000 0.3987 

9. 0.1720 0.3029 0.0412 0.1275 

 

Figure 5 shows the SN-ratio plot for the composite 

desirability value for the levels of the Tool rotation speed, Pin 

length, Tool Tilt angle. Essentially, the smaller the composite 

desirability, the better is the multiple performance 

characteristics. In Table 7 and Fig. 5, the combination of A1, 

B2, C1 shows the smallest value of the SN ratio for the factors 

A, B and C respectively. Therefore, A1 B2 C1 i.e.  Tool 

rotation speed of 710 rpm, Pin length 4 mm, Tool Tilt angle of 

00 is the optimal parameter combination for friction stir spot 

welding operation. 
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Figure 5: SN-ratio graph with factors and their levels 

 

Table 7: The Response Table for Composite Desirability 
 

Level A B C 

1 6.960 10.489 7.975 

2 8.574 4.192 10.594 

3 12.050 15.067 8.816 

Delta 5.091 10.875 2.619 

Rank 2 1 3 

 

Optimization using Combined Compromised Solution  

The first step demonstrates forming of the normalised 

decision-making matrix (using compromise equation (max–

min)), which is shown in Table 9. The further step is to 

generate the comparability sequence matrix. In this process, 

the weights of decision-making criteria are involved in the 

algorithm. The Si and Pi vectors must be generated using 

formulas (x) and (xi), respectively. Aggregation strategies are 

required to get results for the final ranking. At this moment, 

the values of Ka, Kb, and Kc are derived using Equations (xii), 

(xiii) and (xiv). Checking of the alternatives ranks is based on 

these k values. Equation (xv) produces the ranking score by k 

to find final ranks for the options. This vector is represented in 

Table 10.  

From table 10, for a particular values of input parameter in 

experiment no. 6 has the highest ki value. Therefore, 

experiment no. 6 is an optimal parameter combination for 

FSSW according to CoCoSo technique optimization. 

 

Table 8: Comparability sequence measures 

 

Expt no. Max. Force Max. Stress Max. HAZ 

1 0.446953 0.485911 0.771242 

2 -0.00036 4.44E-05 0.202614 

3 0.575986 0.546844 0.921569 

4 0.156631 0.324844 0.980392 

5 0.259857 0.377111 0.437908 

6 0.999642 1.000044 1 

7 0.535125 0.560044 0.856209 

8 0.801792 0.688444 5.81E-16 

9 0.827599 0.697111 0.771242 

 

Table 9: Weighted comparability sequence (Sj) and 

Exponentially weighted comparability sequence (Pi) 

 

Expt no. Si Pi Pi+Si 

1 0.4996 2.4066 2.9062 

2 0.0261 0.8126 0.8387 

3 0.6130 2.5573 3.1703 

4 0.3091 2.0644 2.3735 

5 0.3147 2.1122 2.4269 

6 0.9998 2.9998 3.9996 

7 0.5836 2.5223 3.1059 

8 0.6670 1.7904 2.4574 

9 0.7850 2.7666 3.5517 

 

Table 10: Final aggregation and COCOSO ranking of the 

alternatives 

  

Expt 

no. 
kia kib kic ki Rank 

1 0.1170 22.1044 0.7266 8.8835 6 

2 0.0338 2.0014 0.2097 0.9903 9 

3 0.1277 26.6353 0.7927 10.5769 5 

4 0.0956 14.3848 0.5934 5.9591 8 

5 0.0977 14.6553 0.6068 6.0743 7 

6 0.1611 41.9980 1.0000 16.2776 1 

7 0.1251 25.4639 0.7766 10.1409 5 

8 0.0990 27.7572 0.6144 10.6808 4 

9 0.1430 33.4829 0.8880 13.1248 2 

 

Most Influential Factor 

Table 11 gives the results of the analysis of variance 

(ANOVA) for the calculated values of Composite Desirability 

of Max. Force, Max. Stress, HAZ. According to Table 11, 

factor B, Pin length, angle with 73.65% contribution is the 

most significant controlled parameters for FSSW followed by 

factor A, Tool rotation speed, with 23.57% and factor C, Tool 

Tilt with 5.34% of contribution if the minimization of Max. 

Force, Max. Stresses, HAZ are simultaneously considered.  

 

S = 1.506   R-Sq = 98.9%   R-Sq(adj) = 92.3% 

 

Table 11: ANOVA Result for Composite Desirability 
 

Source DF 
Adj 

SS 

Adj 

MS 

F-

Value 

P-

Value 
% 

A 2 48.49 24.24 10.69 0.21 23.57 

B 2 151.52 75.76 33.39 0.12 73.65 

C 2 10.99 5.49 2.42 0.41 5.34 

Error 1 2.27 2.27   1.10 

Total 7 205.73     

 

 

Conclusions 
In this study, copper and aluminum plates are used for 

experimentation through Friction stir spot welding process by 

optimizing three advanced optimization technique i.e. 

desirability, MOORA and COCOSO method. Purposeful 

relationship between process parameters and three responses 
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(Tool rotation speed, Pin length, Tool Tilt angle) for FSSW 

has been established using three optimization techniques. 

Based on experiment studies carried out for selecting 

optimum combination of process parameters for FSSW, some 

of the important conclusions are as follows. 

1. The optimal levels of process parameters for minimum 

Max. Force, Max. Stress, HAZ for FSSW are shown in 

table 12. 

 

Table 12: Optimal Parameters Using Two Optimization 

Methods 

 

 

MOORA 

Technique 

Desirability 

Function 

Analysis 

CoCoSo 

Method 

Tool rotation 

speed 
710 rpm 710 rpm 1120 rpm 

Pin length 4 mm 4 mm 4.5 mm 

Tool Tilt angle 10 00 10 

 

2. To control the Max. Force, Max. Stress, HAZ, the 

contribution of pin length has largest contribution in 

comparison with other process parameters. 

3. MOORA Technique and Desirability Function Analysis 

has similar prediction for process parameters.  

The present study has perceived that pin length is the chief 

controlling factor for attaining better Max. Force, Max. Stress, 

HAZ. Thus, this study opens up further scope of optimization 

of the friction stir spot welding characteristics with a larger 

number of process parameters, along with their influences, for 

attaining a better weld superiority more rapidly. 
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