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Abstract— Friction stir processing (FSP) has recently become 

an effective micro structural modifications technique. 

Reported results showed that for different alloys, Friction stir 

processing (FSP) produces very fine equated and 

homogeneous grain structure. This study focused on the 

optimization of friction stir welding (FSW) process for an 

optimal parametric combination to yield favorable tensile 

strength and elongation using the Genetic algorithms (GA). 

The objective functions have been selected in relation to 

parameters of FSW parameters; rotating speed, welding 

speed and tool shoulder diameter. The experiments were 

planned using Genetic algorithms L8 orthogonal array. 

Optimization was applied using Genetic algorithms and 

optimization approach is used to solve the problem. Genetic 

Algorithms (GAs) that are related to the stochastic 

optimization techniques which have been used with a very 

success in solving problems. The genetic engineering models 

were originally developed by Genetic Algorithms (GAs) and 

evolution in natural systems. The “survival-of the-fittest” and 

“genetic propagation of characteristics” are the principles of 

biological evolutions and uses for finding the solution of an 

optimization problem enforces by Genetic Algorithms 

(Gas)The significance of the factors on overall quality 

characteristics of the welding process has also been evaluated 

quantitatively by the Genetic algorithms method. 

Optimization results have been verified through confirmation 

experiments. GA coding is develop from the MATLAB, 

similarly to other method  can be use to improve optimization 

of the manufacturing process. 

Key words: Friction stir welding, Genetic algorithms, 

AA1050 aluminum, optimization 

I. INTRODUCTION 

Friction stir welding is a solid state joining process that 

provides many advantages compared with conventional 

fusion welding methods such as lower residual stresses, 

especially high joint strength and low distortion because of 

lower welding temperature and also elimination of porosities 

and solidification cracking because of no melting occurrence. 

Nowadays, friction stir welding (FSW) of versatile materials 

finds widespread application in automobile, aerospace 

industries and defiance applications for fabricating primary 

and secondary components. The technique was developed 

and patented in the UK in 1990 by The Welding Institute for 

welding of plates in solid state [1]. Friction-stir welding 

(FSW) has been considered as the most significant 

development in metal joining of the past decade. It is regarded 

as a green technology because of its energy efficiency, 

environmentally friendly nature and versatility 

A. Process Principle 

The procedure is a complex solid-state thermo-mechanical 

process, in which a rotating tool with a shoulder and pin 

moves through rigidly clamped plates, placed in butting/ 

lap/fillet joint configuration over metallic support [2]. 

Shoulder maintains intimate contact with top surface of 

workpiece. Heat is generated by friction at shoulder and pin 

surfaces. Material gets softened under severe plastic 

deformation, and flow occurs along welding direction with 

the translation of tool. Material is thus transported from the 

front end of tool to trailing edge, where it is forged to form a 

joint. Along the welding line, the side, where the direction of 

tool rotation is the same as that of traversing of tool, is called 

advancing side, with other side being termed as retreating 

side.The schematic of FSW has been shown in figure 1. 

 
Fig. 1: Schematics of FSW 

Aluminum alloys for sheet products are identified by 

a four digit numerical system which is administered by the 

Aluminum Association. The alloys are divided into 7 groups 

majorly based on their principal alloying element. 
Aluminum Alloys 

Alloy 

Group 

Principle Alloying 

Element 
Properties 

1xxx Unalloyed Aluminum 
Purity of 99.0% or 

Greater 

2xxx Copper Heat Treatable Alloys 

3xxx Manganese  

4xxx Silicon 
Low Melting Point 

Alloys 

5xxx Magnesium  

6xxx 
Magnesium and 

Silicon 
Heat Treatable Alloys 

7xxx Zinc Heat Treatable Alloys 

Table 1: Aluminium Alloys 

Aluminum composition limits for Aluminum Alloys is given 

below: 
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Composition for Aluminum Alloys 

All

oy 
Si Fe Cu Mn 

M

g 
Cr Zn Ti 

106

0 
0.25 

0.3

5 

0.0

5 

0.0

3 

0.0

3 
— 

0.0

5 

0.0

3 

107

0 
0.20 

0.2

5 

0.0

4 

0.0

3 

0.0

3 
— 

0.0

4 

0.0

3 

110

0 

0.95

Si+ 

Fe 

0.0

5-

0.2

0 

0.0

5 
— — 

0.1

0 
—  

202

4 
0.50 

0.5

0 

3.8

-

4.9 

0.3

0-

0.9 

1.2

-

1.8 

0.1

0 

0.2

5 

0.1

5 

300

3 
0.6 0.7 

0.0

5-

0.2

0 

1.0

-

1.5 

— — 
0.1

0 
— 

310

4 
0.6 0.8 

0.0

5-

0.2

5 

0.8

-

1.4 

0.8

-

1.3 

— 
0.2

5 

0.1

0 

Table 2: Table Compositions of Various Aluminium Alloys 

1) Advantages of friction-stir welding (FSW) over 

traditional processes 

Characteristics Advantages 

Weldability 

Some aluminium alloys that are either 

not weldable or difficult to weld due   

to problems of brittle phase formation 

and cracking are now weldable by 

friction stir welding as it is solid-state 

process. 

 

Distortion 

Longitudinal and transverse distortion 

is minimised in the FSW process due 

to the lower.  Peak temperature in 

FSW compared to arc welding 

processes. 

 

Fatigue 

resistance 

FSW welds exhibit improved fatigue 

resistance during cyclic loading 

conditions due to  the lower peak 

temperature and lower residual stress 

 

Filler material  

requirements 

For some aluminium materials, no 

suitable filler material matching the 

strength of the base material is 

available for arc welding processes. 

FSW does not require filler material 

to join the metals. 

 

Process 

variables 

The comparatively few process 

parameters involved and easy 

controllability make FSW a relatively 

stable process. 

Table 3: 

When compared to Conventional welding techniques, FSW is 

cheaper and cost effective welding technique which does not 

require any filler material or shielding of an inert gas.It is best 

suited for welding of various Aluminium alloys. It has been 

established that variation in weldability of Al alloys occurs 

owing to the presence of various alloying elements and heat-

treatment condition. Till date, the process has made 

reasonable breakthrough in respect of copper alloys, 

magnesium alloys, titanium alloys, steels, nickel alloys, 

molybdenum alloys, Al-alloy matrix composites, and 

thermoplastics [3]. However, major thrust has been given for 

FSW of Al and its derivatives to produce lap/butt joints 

consisting of similar materials. Such type of studies 

highlighted micro structural-mechanical property co-relation, 

mechanism of weld-zone formation, heat input and 

temperature rises, material s flow prediction using marker 

technique, fatigue response, fracture toughness, corrosion 

resistance, and residual stress determination for transition 

joints[4-9]. 

II. METHODOLOGY  

A. Genetic Algorithm 

Genetic Algorithms (GAs) that are related to the stochastic 

optimization techniques which have been used with a very 

success in solving problems. The genetic engineering models 

were originally developed by Genetic Algorithms (GAs) and 

evolution in natural systems. The “survival-of the-fittest” and 

“genetic propagation of characteristics” are the principles of 

biological evolutions and uses for finding the solution of an 

optimization problem enforces by Genetic Algorithms (GAs 

B. Technology used in GA 

1) CODING AND DECODING 

The coding is used in a linear mapping rule and the variables 

𝑥𝑖are decoded into string structures. 

𝑥𝑖 =  𝑥𝑖
(𝑣)

+
𝑥𝑖

(𝑢)
−𝑥𝑖

(𝑣)

2𝑣𝑖−1
             (𝑑𝑒𝑐𝑜𝑑𝑒𝑑 𝑣𝑎𝑙𝑢𝑒)          (1) 

The decoded value is given by the rule 

                   Decoded value =      ∑ 2𝑖𝑆𝑖
𝑣𝑖−1
𝑖=0  

Where,𝑠𝑖=the binary digit in the coding 

The code length depends that what required 

accuracy for the variable. 

                              Accuracy =  
𝑥𝑖

(𝑢)
−𝑥𝑖

𝑣

2𝑣𝑖
(7) 

An initial population lies in the given range of the 

function on coded points and calculation the fitness at next 

step. 

2) Fitness 

Genetic Algorithms (GAs) work on the principles of ‘survival 

of the fittest’ in effect means that the better points or the 

points that yield higher values for the function are used to 

continue in the next generation and the less profit points are 

ejected from calculations. This Depends upon the initial 

objective function need for a maximized or minimized 

problem. 

Hence different the fitness function is defined as: 

F(x) = f(x) for a maximization problem 

F(x) =  
1

1+f(x)
for a minimization problem 

The fitness function value for a particular coded 

string is called the string’s fitness and used to decide a 

particular string carries to the next generation.GA operation 

starts with a population of random strings. These strings are 

choose from a given data range of the function and indicates 

the design or decision variables for our optimization routine. 

Three operators are carried out; 

a) Selection 
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b) Crossover 

c) Mutation 

C. Operators in Genetic algorithms 

1) Selection 

The selection operator is also called the reproduction 

operator. Because this operator is decided that the select of 

the strings for the next generation. Result the formation of a 

‘mating pool ‘at the end of this operation and the average 

strings are copied in a probabilistic manner by rule 

(Fitness of string) α   (Probability of selection into mating 

pool) 

Probability of selection into mating pool of the ith string: 

                                   𝑝𝑖 =
𝐹𝑖

∑ 𝐹𝑗
𝑚
𝑖=1

                              (2) 

Where,Fi = fitness of the ith string 

Fj = fitness of the jth string and m=population size 

The sum of all fitness of individual strings and 

dividing by the population size is known as the average 

fitness(�̅�): 

�̅� =
∑ 𝐹𝑖

𝑚
𝑖=1

𝑚
                            (3) 

The most number of copies in the mating polis 

obvious by the string with the maximum fitness and using 

‘roulette wheel selection’. 

The procedure of this algorithm calculates by following step: 

 Step1:  Calculate pi, by using Fi. 

 Step2: FindPi (cumulative probability). 

 Step3: Generate” m” random numbers (between 0 and 1) 

 Step4: copy the string that represents the selects random 

number in the cumulative probability (Pi) range into the 

mating pool. a larger range of string with maximum 

fitness in cumulative probability and copy more 

probability into the mating pool. 

At the end of this procedure all the strings that are 

fitted enough have been copied into the mating pool and this 

marks at end this right for reproduction operation. 

D. Crossover 

After the selection operator has been implemented, there is a 

need to introduce some amount of randomness into the 

population in order to avoid getting trapped in local searches. 

To achieve this, cross over operation was performed. In the 

crossover operation, new strings are formed by exchange of 

information among strings of the mating pool. For example,  

 
Strings are selected at random and a random 

crossover point is decided. Crossover is performed by this 

method shown above. some of the good strings from the 

mating pool remain unchanged. The procedure can be 

summarized as follows; 

 Step1: Select (100pc) % of the strings out of the mating 

pool at random. 

 Step2: Select pairs of strings at random 

 Step3: Decide a crossover point in each pair of strings 

(again this done by a random number generation over the 

length of the string and the appropriate position is 

decided according to the value of the random number) 

 Step4: Perform the crossover on the pairs of the strings 

by exchanging the appropriate bits. 

1) Types of crossover 

a) One Point Crossover 

One point Crossover operator is selected randomly crossover 

point and then copies every portion before this point copies 

everything from the first parent and then after copies 

everything from the second parent. The Crossover showed as 

below. 

Consider selects the two parents for crossover. 

 
After the crossover point inter change the parent 

chromosomes. 

Produced the offspring as: 

 
b) Two-Point Crossover 

Two- Point Crossover operator is selected randomly  two 

crossover points within a chromosome and then interchanges 

between the two parent chromosomes to produce two new 

offspring. 

Consists of selects the two parents for crossover: 

 
After the crossover points interchange the parent 

chromosomes 

Produced the offspring as: 

 
c) Uniform Crossover 

Uniform crossover operator is mixture of one and two point 

crossovers in same ratio which decides contribute the gene 

values in the offspring chromosomes and this operator allows 

the parent chromosomes are mixed at the gene level than the 

segment level. 

Consists of selects the two parents for crossover: 

 
If the mixing ratio is 0.5 approximately, then half of 

the genes in the offspring will come from parent 1 and the 

other half will come from parent 2. 

After uniform crossover the possible set of offspring: 
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E. Mutation 

The selections of bits in certain strings are used directly to 

change in the population members known as Mutation. The 

aim of mutation a small amount to promote local searches are 

used to change the population members when nears the 

optimum values. Mutation is performed at randomly to 

deciding a mutation probability and selecting strings. 

The procedure of the mutation as follows: 

 Step1: to find the approximate number of mutations to be 

performed by Approximate number of mutations=n/pm. 

 Step2: generate random numbers on which mutation is to 

be performed for particular population member. This is 

decided by a ‘coin toss’. That is, select a random number 

range to represent true and false. If the outcome is false, 

do not perform mutation, if false, perform mutation. 

 Step3: if the outcome represent true at a coin for a 

particular population member, then generate another 

random number to decide the mutation point over the 

entire length of the string. Once decide, flip the bit 

corresponding to the mutation point. 

 The strings obtained represent the next generation at the 

end of mutation and carried out the same operations on 

this generation until calculates the optimum value. 

F. Outline of basic Genetic programming 

1) Start 

Generate random population of the n chromosomes (i:e 

accurate solution of the problem). 

2) Fitness 

Evaluate the fitness f(x)  F(x) = f(x)        for a maximization 

problem F(x) =  
1

1+f(x)
for a minimization problem 

3) New Population 

step to stop Create a new population. 

a) Selection 

according to the fitness select the two parent chromosomes 

from a population (good the fitness, bigger the chance to be 

selected). 

b) Crossover 

(one or two point) crossover the parents to form new off- 

springWith a crossover probability. If no crossover was 

performed, off- spring is the exact copy of parents. 

c) Mutation 

mutate new off spring at each Locus with a mutation 

probability off spring at each Locus (Position in 

chromosomes). 

4) Accepting 

Place new offspring in the new population. 

1) Replace: Use a new generated population for a 

further run of the algorithm. 

5) Test 

If the end condition is satisfied, stop, and return the best 

solution in the current population. 

6) Loop 

Go to step 2. 

III. MATERIAL SELECTION 

Chemical  Al   Mg Si  Mn  Zn   Fe  Ti  Sn 

composition  
Balance 

  
0.007 

  
0.18 

  
0.05 

 
0.033 

  
0.30 

 
0.009 

  
0.182 

w/% 
             

                        

Mechanical  
Yield strength 

(MPa) 

Tensile 

strength 

(MPa) 

 
Elongation 

(%) 
 

Vickers 

Hardness 

(HV) 

properties    155   175     4   50  

Table 3: Chemical and mechanical properties of AA1050 

aluminum alloy 

Parameters 
  
Notation 

  
Unit 

      
Levels of 

factors 
 

     
1 

   
2 

  
3 

  
4 

                    

Rotating speed     w   r/min  740*    1070  1520   2140 

Welding speed     V   mm/min  80*    224   –  – 

Shoulder 

diameter 
   d   mm  15*    20    –  – 

*Initial factor 

settings 
                     

Table 4: Process parameters and their limits 

IV. OPTIMIZATION RESULT 

Ru

n 

no 

Control 

factor 

Experiment

al Result 

Optimizati

on Result 
 

w V d 

TS/ 

MP

a 

E/% 
TS/ 

MPa 

E/

% 

Fracture 

location 

HAZ: Heat 

affected 

zone 

TMAZ: 

Thermo-

mechanica

lly 

affected 

zone 

NZ: 

Nugget 

zone 

BM: Base 

metal 

1 1 1 1 92 
14.7

8 
93 

14.

8 

The 

interface 

between 

HAZ and 

TMAZ on 

the 

retreating 

side 

2 1 2 2 67 5.51 65 
5.5

0 
NZ 

3 2 1 1 89 
17.2

7 
90 

17.

3 
BM 

4 2 2 2 90 13.6 89 
13.

5 

HAZ on 

the 

retreating 

side 

5 3 1 2 93 
18.4

5 
92 

18.

3 
BM 

6 3 2 1 92 
14.1

0 
93 

14.

5 

HAZ on 

the 

advancing 

side 

7 4 1 2 94 
19.0

5 
94 

19.

1 
BM 
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8 4 2 1 93 
14.0

8 
92 

14.

1 

HAZ on 

the 

advancing 

side 

Table 5: comparison Experimental to Optimization Resul 

 
Fig. 2: comparison Experimental to Optimization Result 

 
Fig. 3: comparison Experimental to Optimization Result 

 
Table 6: Comparison of experimental result of tensile 

strength with predicted values 

 
Table 7: Comparison of experimental result of elongation 

with predicted values 

Optimization Result both the performances tensile 

strength and elongation  have been improved  by 1.36% and 

0.85% respectively as compared to the best experimental 

values 

V. CONCLUSION 

GA is a very effective programmable method for process 

optimization under limited number of experimental runs. 

Essential requirements for all types of welding processes are 

higher tensile strength with lower elongation. This study has 

concentrated on the application of genetic algorithm coupled 

with coding for solving multi criteria optimization problem in 

the field of friction stir welding process. Optimization results 

have shown that tensile strength and elongation of welded 

AA1050-H22 aluminum alloy are greatly improved by using 

genetic algorithm. The single objective optimization of steri 

welding by using  GA coding has been done.Some following 

conclusions have been drawn on the basis of results obtained: 

 The developed coding from MATLAB  for maximization of 

tensile strength (0.28%) and minimization of elongation 

(0.02%) respectively, are well in agreement with the 

experimental result. 

GA coding performances tensile strength and 

elongation have been improved  by 0.28% and 0.02% 

respectively as compared to the best experimental values. 

VI. FUTURE SCOPE 

1) In this thesis, GA coding is develop from the  MATLAB 

,similarly to other method ,can be use to improve 

optimization of the manufacturing process. 

2) GA coding can perform single objective optimization but 

similar coding can be developed for Multi Objective 

Optimizationin in the future. 
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