Journal of Ceramic Processing Research. Vol. 22, No. 1, pp. 16~24 (2021)

(Received 31 March 2020, Received in revised form 23 October 2020, Accepted 11 November 2020) .
https://doi.org/10.36410/jcpr.2021.22.1.16 Ceramic

Processing Research

Optimization of friction stir welding process parameters on AA 6063-SiC-B,C
hybrid metal matrix composites by genetic algorithm

R. Srinivasan®, B. Suresh Babu™*, P. Prathap‘, Ruban Whenish?, R. Soundararajan® and G. Chandramohan’
Professor, Department of Mechanical Engineering, Sri Krishna College of Technology, Coimbatore, Tamil Nadu, India
®Assistant Professor; Department of Mechanical Engineering, Sri Krishna College of Technology, Coimbatore, Tamil Nadu, India
“Professor, Department of Mechanical Engineering, Sri Krishna College of Technology, Coimbatore, Tamil Nadu, India
dApplication Engineer, Manna chemicals and Drugs Private Limited, Chennai, Tamil Nadu, India

“Associate Professor, Department of Mechanical Engineering, Sri Krishna College of Engineering and Technology, Coimbatore,
Tamil Nadu, India

'Professor, Department of Mechanical Engineering, P.S.G Institute of Technology and Applied Research, Coimbatore, Tamilnadu,
India

Friction Stir Welding (FSW) is a metal joining process has its own benefits over fusion welding processes. FSW Aluminium
Metal Matrix Composites (AMMC) replaced conventional metals for structural applications in aerospace, automobile and
marine sectors. In this present investigation, process parameters of FSW for joining AA 6063-SiC-B4C hybrid MMCs were
optimized in order to achieve maximum tensile strength. Initially, AMMC was manufactured through stir casting with the
matrix AA 6063 and reinforcements SiC and B,C. The hybrid MMC work pieces were subjected to FSW process by varying
the process parameters such as tool rotation speed, welding speed and axial force using Taguchi L27 orthogonal array. Tensile
strength of hybrid composite was examined and regression analysis were done using MINITAB V17 software. Genetic
Algorithm technique was used to optimize the tensile strength with FSW parametric combinations. The optimum parameters
for FSW of AA6063-SiC-B,C hybrid composites were Tool rotational speed (TRS) — 1050 rpm; Axial Force (AF) — 10 kN and
Weld Speed (WS) — 45 mm/min obtained. The optimal parameters were applied to experimental study and the results were
validated.
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Introduction than that of the conventional alloys [5]. Al,O;, SiC and

B,C have been the appropriate particulate reinforcing

Composite materials are composed with matrix and material for AI-MMCs, as it has good compatibility
reinforcements, possessing combined properties which with aluminium even at the projected temperatures.
enhances the material for specific applications [1]. The tensile strength and hardness were improved and
Aluminium based composites are replaced conventional toughness was reduced by adding the SiC and Al,O;
materials due to their wide alloy range and processing hard particles [6]. The most effective fabrication
flexibility in many structural applications [2]. Hybrid methodology followed for making composite materials
Aluminium Metal Matrix Composites (HAMMCs) has been known as the vortex technique or stir-cast
have been appropriate for applications which necessitate method. Selection of process parameters playing vital
characteristics such as combined strength, thermal to produce quality composites. Al 6061/B,C MMCs
conductivity, etc. Corrosion resistance and wear resistance were fabricated using stir casting technique and inves-
enhance their tribological applications in pistons, brake tigated the significance of B4,C in MMCs through
drum, brake parts in automotive [3]. The study of mechanical and microstructural analysis [7]. Stir casting
reinforcements like fibers, whiskers and particulates is a simplest fabrication method to produce hybrid
which have been employed particularly in aluminium MMCs with good miscibility. The tensile strength and
alloys leading to a tailor-made engineering materials yield strength of SiC and AlLO; filled Al 7075 alloy
with specified properties [4]. The addition of hard composites were found to increase with addition of
ceramic particles like SiC, Al,Os, B4C etc., results in reinforcements [8]. The influence of SiC and B,C
enhanced wear resistance and strength to weight ratio particulates in Al6061 matrix having SiCp-5, 10, 15

wt.%, B4C-3 wt.% and particle size 30-70 um for SiC

e r o and 5-20 pm for B4C prepared by stir cast process. The

Tgf?g%;g%gégrl' meta@lographic study depicts a homogeneous distribution
E-mail: babusrptc@yahoo.co.in of reinforcements [9].
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Friction Stir Welding (FSW) is a metal joining process
producing high quality weld joints with cost effective.
FSW joints were resulted in obvious homogenization
and fragmentation of B4,C hard particles which has
increased the hardness of welding zones. Welding speed
significantly influence the hardness and tensile strength
of weld joints [10, 11]. The impact of welding speed
(WS) in FSW were investigated in this approach.
Different WS were maintained from 50 mm/min to 175
mm/min with other constant FSW parameters for joining
alloys. The tensile strength of 80 MPa was achieved
with lower WS of 50 mm/min and WS of 175 mm/min
has received tensile strength of 71 MPa. Due to generation
of insufficient heat input at higher WS shows lower
tensile strength [12].

A study has made in FSW, to assess the influence
of tool rotational speed (TRS) on mechanical and
metallography analysis. TRS with 600, 950, 1,300 and
1,650 rpm weld joints were made. From the results, the
highest TRS led to reduce the grain refinement or grain
coarsening and with low TRS wvalues kept significant
grain refinement. But the materials mixing were limited
with lower TRS [13]. In another study, TRS in FSW
process on AA6092/17.5 SiCp-T6 composites were
investigated. TRS has maintained in 3 levels as 1000
rpm, 1,500 rpm and 2000 rpm and other parameters
were kept as constant. 6 mm thick plates were welded
by varying the TRS. At high TRS 2,000 rpm, the particles
were migrated from its place. The maximum tensile
strength was achieved at 1,500 rpm with 84% joint
efficiency and minimum tensile strength was obtained
with lower TRS speed at 1,000 rpm with 68% efficiency
[14]. The influence of Welding Speed (WS) in FSW
process over aluminium alloys was observed that
decreasing the WS increases the ultimate strength of
the FSW joints [15, 16]. The overall quality FSW
joints were highly influenced by welding parameters.
High WS leads to formation of welding defects such as
tunnel defects, improper penetration and cavity [17]. In
FSW, Tool travel speed (TTS) and TRS had major
impact on weld quality and mechanical properties. When
TTS was increased, B,C particles were distributed
homogeneously in the aluminium matrix. TRS in peak
temperature helped to obtain the improved tensile
strength of the composites [18].

In another study, Al alloy AA5052-H32 and HSLA
steel IRS-M42-97 of 3mm thickness were butt welded
using FSW technique. The axial forces (AF) were varied
from 4 to 9 kN and keeping the other FSW parameters
as constant. The highest weld joint strength of 189
MPa was obtained at 7 kN axial force. It is observed
that, the influence of AF that could produce joints with

Table 1. Chemical composition of AA 6063

good strength [19]. Tool pin profile plays a key role in
terms of material flow and control in FSW process
[20]. In a study, AMMC using different profiles of
tools with different tool materials and D/d ratio 2, 3, 4
on a commercial CNC enabled FSW machine. From
the results, it was observed that the effect of tool
profile makes an impact in terms of quality of weld
joints [21].

Ho et al. 2016 proposed IHTGA (Intelligent hybrid
Taguchi-genetic algorithm) that performed Taguchi
method between the crossover operation of GA, where
the genes for crossover are selected intelligently using
Taguchi to get the enhanced performance results in the
optimization of bearing offsets and shaft alignment in a
marine vessel propulsion system [22]. Among the
enormous varieties of aluminium alloys, AA 6063 was
preferred as a better choice, because of the formability
characteristics and the possibilities of modifying the
strength of the composite by employing optimal heat
treatment. The specific characteristics such as better
wettability, strength of SiC and B4C, adds more com-
patible with the aluminium matrix as reinforcements
[23, 24]. Thus based on literature study, the present
investigation proposed with SiC and B4C as the
reinforcement materials with AA 6063 matrix for the
fabrication of HMMCs by stir casting. The stir casted
hybrid composites further processed with FSW in order
to find out tensile characteristics of hybrid composites
and the influence of FSW process parameters. The
influencing FSW parameters were identified by Genetic
Algorithm methodology.

Methods and Materials

Preparation of hybrid composite

AA6063-SiC-B4C Hybrid Composite is manufactured
by using stir casting technique, prior to the FSW
process. The chemical composition of AA 6063 alloy
are shown in Table 1. AA 6063 is one of the aluminium
alloy with better properties in 6XXX alloys such as
high fatigue strength and good corrosion resistance
[25]. The alloy is being replaced by hybrid composite
in the components of rib and wing structures in
aircrafts. AA 6063 alloy was used as a matrix B4C
with a size of 30 microns and silicon carbide with a
size of 33 microns were used as a reinforcements. In
stir casting technique, Aluminium billets placed in a
graphite crucible were heated to temperature of around
730 °C. Meantime, the reinforcements SiC and B4C
each 10% of weight were preheated to 900 °C in a
muffle furnace for a soaking time of one hour to remove
the moisture content. Mg powder of 1% of weight was

Metal Si Fe Cu Mn

Mg Zn Ti Cr Aluminium

Composition % 0.6 0.35 0.1 0.1

0.9 0.1 0.1 0.1 97.65
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Fig. 1. Stir casting setup.

Table 2. Welding process parameters.

Process Parameter Level 1 Level 2 Level 3
TRS (rpm) 900 1000 1100
WS (mm/min) 30 40 50
AF (kN) 8 10 12

added into the melt to improve the wettability factor of
reinforcements. Preheated reinforcements were added
with AA 6063 through a feeder and it was stirred well
for 30 min. The dimension of 100 mm x 100 mm % 10
mm was which was preheated to around 300 °C to
promote gradual heat dissipation from the melt.

Friction Stir Welding of hybrid composites

Trial welds were tried out to find the range of FSW
process parameters that fetch good welding results. The
parameters and their range were selected as: Tool
rotation speed (TRS) 900-1100 rpm, Weld speed (WS)
30-50 mm/minute and Axial Force (AF) 8-12 kN. Butt
joint configuration was selected to fabricate the FSW
joints [26]. A non-consumable square tool, made of
high carbon high chromium steel, was used to fabricate
FSW joints in a vertical milling machine. The dimensions
of the FSW tool are given in Fig. 1. Taguchi design is
used to find the proper control factor settings. For the
design of 3 parameters with each 3 levels, .27 orthogonal
array is selected to carry out the experiments. The
process parameters of FSW are shown in Table 2. The
FSW machine and the weld specimen are shown in
Fig. 2.

Ultimate Tensile Strength (UTS) Test

Tensile strength (TS) is one of the mechanical char-
acteristics used to find the nature of FSW processed
hybrid composites. The FSW joints was made based on
Taguchi’s L27 orthogonal array design. The plates,
after welding, were cut into the required size by wire

Fig. 2. FSW tool dimensions (All dimensions are in mm).

Table 3. Taguchi L27 orthogonal array for FSW specimen

S.No TRS (rev/min) WS (mm/min)  AF (kN)
1 900 30 8
2 900 30 10
3 900 30 12
4 900 40 8
5 900 40 10
6 900 40 12
7 900 50 8
8 900 50 10
9 900 50 12
10 1000 30 8
11 1000 30 10
12 1000 30 12
13 1000 40 8
14 1000 40 10
15 1000 40 12
16 1000 50 8
17 1000 50 10
18 1000 50 12
19 1100 30 8
20 1100 30 10
21 1100 30 12
22 1100 40 8
23 1100 40 10
24 1100 40 12
25 1100 50 8
26 1100 50 10
27 1100 50 12

EDM machine and then machined as per the ASTM ES8
standard which is mentioned in Fig. 7. The TS values
of 27 weld specimens were mentioned in Table 3. The
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RS — Retreating side AS — Advancing side
Fig. 4. Typical FSW plate.

.{
‘M,

Fig. 5. Samples of FSW butt joint plates.

schematic diagram of tensile specimen was shown in
Fig. 6. The Tensile strength was analysed by universal
testing machine which is mentioned in Fig. 8.

Taguchi design and ANOVA results

The adequacy of the experiments conducted is
checked using ANOVA table using MINITAB V17 Fig. 8. Universal testing machine.
software shown in Table 4. ANOVA table shows the
significance of each parameter involved in the process. given shows values less than 4% or 0.05 thereby
The Probability value (or P-Value) for all parameters indicating that all three parameters of FSW are
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Table 4. Constant Process Parameters

Table 6. ANOVA Test Results for tensile strength (S/N ratio).

Constant Process Parameter Value Source DF AdjSS AdjMS F-Value P-Value
Pin Length, mm 59 Regression 9 15162.7 1684.75  158.37 0.000
Pin diameter, mm 6 TRS 1 45094  4509.36  423.89 0.000
Shoulder diameter, mm 18 WS 1 136.5 136.54 12.84 0.002
Shoulder diameter-Pin diameter ratio 3 AL 1 62.6 62.62 5.89 0.027
Tool angle, deg 0° TRS*TRS 1 5264.9  5264.86 49491 0.000
WS*WS 1 27193 271930  255.62 0.000
Table 5. Tensile strength of FSW specimen. AL*AL 1 95.7 95.73 9.00 0.008
S No TRS. WS | AF UTS TRS’:WS 1 1600.8  1600.83  150.48 0.000
(rev/min)  (mm/min) (kN) (MPa) TRS*AL 1 0.5 0.48 0.05 0.834
0 900 30 3 1473 WS*AL 1 22 2.17 0.20 0.657
2 900 30 10 142.9 17 1808 10:4
3 900 30 12 149.5
4 900 40 8 153.6 The 1evels' are decoded accor('iiqgly' as 'shown.in Table
5 900 40 10 150.6 6. The ;1e51gn spac3e for the optimization is thus increased
6 900 40 12 152.4 from 3° =27 to 5° = 125.
; ggg 28 180 ié;i Genetic Algorithm Methodology
' The methodology used in the study are summarized
9 900 50 12 117.8 . - . .
as flowchart in Fig. 9. The regression formula derived
10 1000 30 8 1798 from the Taguchi design comprises the simple terms of
g g p p
1 1000 30 10 181.7 process parameters. As the adequacy is safe, the fitness
12 1000 30 12 180.8 function for the GA analysis can be taken as the
13 1000 40 8 2015 maximization of UTS in the design space. The design
14 1000 40 10 200.1 space selected in GA is similar to the levels used in
15 1000 40 12 200.4 Taguchi design but to find the best solution that
16 1000 50 8 175.5 maximizes the UTS requires a lot of time, man power,
17 1000 50 10 173.3 utilization of resources etc., in the conventional way.
18 1000 50 12 174.9 The best solution can be predicted through GA using
19 1100 30 8 160.7 the regression formula as GA explores the desired
20 1100 30 10 154.2 output within the space through iterations. Programming
21 1100 30 12 158.4 for the Genetic Algorithm is prepared in C package
22 1100 40 8 186.4 [27].
23 1100 40 10 188.3
24 1100 40 12 184.7 Genetic algorithm methodology.
25 1100 50 8 177.8 The implementation of the genetic algorithm is
2 1100 50 10 165.5 essential to d;ﬁng the solution string or chromqsome
27 1100 50 12 179.7 for the optimization problem. The bits or genes in the

significantly influencing the TS value of the weld joint.
TRS is the most significant parameter affecting the
response followed by AF and WS. The R-Square and
Adjusted R-Square values are greater than 90 % stating
that strong relationship exists between the response and
the predictor. The regression formula for the UTS is
obtained and shown below:

The levels of process parameters are increased from
3 to 5 considering the flexibility in the machine settings.

Table 7. R? values for various empirical equations.

chromosome may be taken as binary or real integer
number. In this work, TRS, AF and WS were considered
to be the process parameters for the FSW process. Each
of these variables is represented in real integer format.
The length of the string is 3 in which every bit is used
for the representation of TRS, WS and AF in sequence.
The strings (111) and (999) represent the lower and
upper limits of the process parameters. The coding for
the FSW parameters is given in Table 8.

At the point of initialization, the solution space of a
population lot is generated from the set of parameters

S.No Empirical equation

R? value

1

UTS =-2557 +5.75 * TRS +4.1* WS - 58.5 AL - 0.00307* TRS*TRS - 0.218 WS*WS +2.66 AL*AL
+0.01312* TRS*WS + 0.0062 TRS*AL - 0.026 WS*AL

98.82%
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Derive fitness function in terms of UTS from regression, f(x)

v

Specify Population size, Cross-over probability rate & Mutation probability rate in each
generation

A\

Encode each process parameter levels from 1-5

v

Encode the combination of parameters as XXX

v

—>|

Select random nonulation of codines with snecified size |

v

| Apply fitness function for the population generated and store the fitness average, Fayo |

v

Mate the selected population with the same population taken in random order

v

Single site cross—over at first element with specified cross-over probability rate

=4

v

With the specified mutation probability rate, mutate the combination of parameters

v

Find fitness value for every combination

v

Whether termination condition achieved?

Y

NQ

YES

A 4

End iteration and return the values with the optimal parameters

Fig. 9. Flowchart of Genetic Algorithm.

Table 8. Codings for the FSW process parameters.

TRS (rpm) WS (mm/min)  AF (kN) CODE
900 30 8 1
950 35 9 2
1000 40 10 3
1050 45 11 4
1100 50 12 5
Table 9. Parameters used in GA.
S.No Genetic parameter Value
1 Population size 10
2 Length of Chromosome 3
3 Selection operator Roulette wheel
4 Crossover operator Single point operator
5 Crossover probability rate 0.70
6 Mutation probability rate 0.033
7 Fitness parameter Ultimate tensile strength

mentioned above. The limit of the population lot is
considered as 10 as shown in Table 10. Column 1 re-
presents the string of the parameters. Columns 2, 3 and
4 represent the corresponding values of FSW process
parameters. Column 5 shows the fitness value of the
string derived from the empirical relation from Table
10. Columns 6, 7, 8, 9 and 10 represent the proportion

(B), expected count (E), cumulative probability (C),
random number (R) and string (S). The values for
proportion (B) and Expected count (E) are tabulated
from the following formulae:

ﬂ:Fi/Fvum (1)

@)

The sum and average of the fitness values are also
tabulated and saved as F,, and F,,, respectively.

E = Populationsize % f§

Evolution

In GA, the fitness function is calculated for each
string of chromosome in the population lot using the
empirical relation. The fitness function is constructed
from the empirical equation with the maximum R?
value as shown in Table 7. The fitness function taken
for the genetic algorithm analysis was taken as follows:

©)

f(x) = F(x) for the maximization of output
So, the final fitness equation may be written as,

f(x) = UTS = -2557 + 5.75 * TRS + 4.1 * WS - 58.5AL
-0.00307 * TRS * TRS - 0.218 WS*WS
+2.66AL * AL +0.01312 * TRS * WS
+0.0062TRS * AL - 0.026WS*AL  (4)

The population size, cross-over probability rate and
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Table 10. Initial population lot.
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FITNESS . Expected Cumulative Random .
CODE TRS ws AF VALUE Proportion, Count, E  probability, C number, R String , S
144 900 45 11.00 132.58 0.080166  0.801657  0.080166  0.591438 6
331 1000 40 8.00 206.52 0.124874 1.248742  0.124874  0.278694 3
223 950 35 10.00 178.32 0.10782 1.078198 0.10782 0.674104 7
321 1000 35 8.00 203.21 0.122873 1.228727  0.122873  0.330808 4
314 1000 30 11.00 181.38 0.109673 1.09673 0.109673  0.358550 4
143 900 45 10.00 130.81 0.079095  0.790954  0.079095  0.349063 4
441 1050 45 8.00 203.76 0.123202 1.232023  0.123202  0.683037 7
224 950 35 11.00 180.66 0.109235 1.092347  0.109235  0.067781 1
244 950 45 11.00 169.04 0.102209 1.022085  0.102209  0.210924 3
231 950 40 8.00 189.63 0.114658 1.146584  0.114658  0.135435 2
Sum of fitness values, Fgn 1775.9
Average of fitness values, Fy, 177.6
Table 11. First Generation.
Population pool Cross over sitt New generation Random bits for - Modified new Fitness value
mutation generation

441 134 1 434 441 200.6
331 331 - 331 331 206.5
321 441 - 321 321 203.2
321 331 2 321 321 203.2
134 251 - 134 3 154 107.1
134 552 2 132 134 148.6
441 441 - 441 441 203.8
331 331 2 331 331 206.5
251 321 - 251 251 157.0
435 235 2 435 435 208.7
Sum of fitness values, Fym 1845.3

Average of fitness values, F,, 184.5

Mutation probability rate are considered as shown in
Table 10. Cross-over rate is selected to 0.70 to ensure
that the better combination of parameters with good
fitness value is retained to the next generation. In order
to get the desired variability in the population, mutation
rate is selected to 0.033 to change one bit in the
population of 10.The levels are decoded accordingly as
shown in Table 11.

Selection and Reproduction

Roulette wheel method of selecting the best parents
for mating is used here for the cross-over phase.
Random number is selected after the initial population
evolution. Depending upon the space occupied by the
random number, string number is decided.

Cross-over

Crossover is the mechanism used in GA for
diversification of genes. The strings selected randomly
in the population lot are crossed with the random
number string. A single-point crossover is used in the
analysis. The crossover probability is 0.70. For the

population lot of 10 strings, cross-over of strings are
programmed in 7 strings either at the end of first or
second bits. The concept of crossover is explained
below.

Before cross-over:String 1: 111; String 2: 555

After cross-over: (Cross-over site is 1)

New offstring: 155

After the cross-over at the end of the site 1 of parent
1, the string of parent 2 is copied and thus the new
string for the offspring is obatined.

Mutation

Mutation is the selective modification of a randomly
selected string in one bit. For every generation of
population lots, the formula for the bits to be changed
for mutation is derived from the following formula.

No.of bits formutation
= Populationsize x no. of bitsxmutation probability rate

©)

In this work, one bit is changed for the population lot
of 10 strings. This is explained as below.
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Before mutation: String 3: 333; String 6: 777

After cross-over: (Cross-over site is 2)

Offstring: 337

After mutation: (Mutation site 3)

New offspring: 339

This completes one iteration of the genetic algorithm
and the best valued string is stored. The strings
available at the end of previous iteration will be treated
as the parents for the next consecutive iteration. This
procedure is repeated for the number of iterations as
specified by the user.

Results and Discussion

The results of the first generation is shown in Table
11. The values for the codes 5,6 and 9 are observed less
than the F,,,. These values have the less probability to
get selected in the population pool while using Roulette
wheel since the circumference of the wheel is linear
with the expected count. Similarly, the values 1, 2, 3, 4,
7, 8 and 10 with expected count greater than F,,, are
likely to be selected in the population pool. The
cumulative probability (C) is calculated from the expected
count, E. Thus, the C value for the last row is 2.

Programming is done in such a way that 10 random
numbers are generated and the corresponding parents
are selected based on the intervals of cumulative
probability in terms of string, S. It is observed that the
parents in rows 2,3,5,7 and 9 are not selected; 1 are
selected once; 4,6,8 and 10 are selected twice as
tabulated. Correspondingly the new population pool is
generated and are mated with the previous generation
as shown in Table 11. It is also noted that any code
providing high F; value may also be neglected and vice
versa thereby improving the F,, value for every
generation progressively.

It is noted that the number of bits for mutation are
calculated as 1 and changed in the first bit of 5
row.The bit selected for mutation is programmed such
that the old codes are not selected in order to explore
the undiscovered design space. It is observed that F,,,
value for the first iteration process has improved from
177.6 to 184.5. The same procedure is repeated until all
the possible combinations are verified. It is observed
that fitness value, F,,, value increases and reaches the

210
205

200
195
190
185
180
175
170
165
160
p i 2 3 4 5 6 7 8 9 10 11 12 13

No. of iterations

Fitnes value

Fig. 10. Plot between fitness value vs Generations.

maximum value of 208.7 MPa as shown in the fitness
evolution in Fig. 10.

Confirmation test

The final F,,, value after the program run obtained is
to be verified with the experimental results in order to
validate the GA methodology. The corresponding
parameters for the maximum UTS were obtained as
code 442 indicating TRS — 1050 rpm; WS — 45 mm/
min; AF — 10 kN. The code 442 is set with the vertical
milling machine and five trial welds were carried out in
order to eliminate any unwanted noise in the run. The
average value of the trial welds results for the
confirmation test obtained as 205.8 MPa with 1.22%
error at 98% confidence level.

Conclusion

The present study has made to optimize the tensile
characteristics of AA6063-SiC-B4C using GA. Initially,
AA6063-SiC-B4C hybrid composites were produced
by stir casting technique. The stir casted hybrid com-
posite was joined by FSW process by varying the tool
rotation speed, weld speed and axial force and keeping
the other key FSW parameters as constant. Taguchi
L27 orthogonal array was followed to design the ex-
periments. GA was used to optimize the maximum
ultimate tensile strength of the hybrid composite
through C programming. FSW of AMMC was used
efficiently for joining of aluminium alloys. The tensile
strength of the weldment of composites depends upon
the FSW parameters and each parameter has its effect
over the tensile strength. The maximum tensile strength
was obtained 208.7 MPa with optimum FSW parameters
such as TRS — 1050 rpm; AF — 10 kN and WS - 45
mm/min. The tensile strength of trial welds were 205.8
MPa which validated was with the optimized results by
GA and proved that the experimental results are
agreeable with 1.22% error at 98% confidence level.
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