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ABSTRACT 
Three-dimensional elasto-plastic thermal-mechanical transient axisymmetric explicit finite element models were 

used to simulate the friction joining of hollow cylinder dissimilar polymeric materials PA6-PVC. The FE model 

takes into account the mechanical and thermal properties of PA6 and PVC as an input date. Also, the simulation 

analysis considered three independent variables namely, rotational speed of (500, 775, and 1200 rpm), axial 

displacement of (0.045, 0.09, and 0.18 mm), and total welding time of (4, 6, and 8 seconds). With respect to the FE 

model, the regression model is built. The minimum and maximum error percentage between FE and predicted 

results by regression model of welding temperature are 0.08% and 17.26% respectively. On the other hand, the 

error percentages of Von Mises residual stress start from 0.34% to 26.15%. The regression model is used to 

formulate the GA's fitness function for end welding temperature and Von Mises residual stresses. This paper 

showed that the GA technique is capable of estimating the optimum welding conditions that yield the value of the 

minimum end welding temperature and the Von Mises residual stresses relative to the results of FE and regression. 

KEYWORDS : Inertia friction welding, Thermoplastics, Numerical Simulation, Regression model, Genetic 

Algorithm. 

1. INTRODUCTION  

Inertia Friction Welding (IFW) is a solid-state 

joining process capable of producing high-quality 

joints of similar and dissimilar materials [1, 7]. In 

products where temperatures, stresses and life 

conditions are highly demanding, high-quality welds 

are required to fulfil the performance specifications. 

One of the advantages of IFW is the ability to welds 

materials that are difficult or impossible to weld with 

high-integrity. The fusion-welding techniques and 

the ease of the process can be controlled once the 

tool and welding for the process has been properly 

designed [8-10]. 

Some of the aims of using dissimilar joints are to 

improve the flexibility of product design so that the 

different components can be used effectively and 

reliably depending on the specific characteristics of 

each material [11]. Friction welding has been used 

for joining together dissimilar materials, including 

materials that are difficult to weld using traditional 

welding techniques.  
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These may also join materials with substantially 

different metallurgical behaviors at or close the 

liquids and solid temperatures of the individual alloy 

[12]. Many problems occur during IFW of dissimilar 

metals because of the different hardness, melting 

temperature properties and the potential for surface 

interaction generating either brittle intermetallic 

phases or low eutectic melting points [13]. 

Over the past few years, the mechanical behavior of 

engineering thermoplastics has gained growing 

attention. Thermoplastics are classified into 

amorphous and semi-crystalline thermoplastics, such 

as PVC and PA6 respectively. One explanation for 

this attention in thermoplastic’s engineering is the 

growing number of applications in several fields, 

including automotive components such as instrument 

panels, radiator fans, and electronic modules. For 

engineering structures, the use of plastic materials 

has increased due to the benefits obtained by their 

low weight, high specific strength and elastic 

modulus, versatility for design and reduced 

manufacturing costs. Nowadays thermoplastic 

structures are designed to play important roles of 

goods under unfavourable operational and 

environmental conditions such as cyclic stress / 

stress, high and low temperatures and rising 

humidity [11, 14-18]. Polymer-to-polymer joints 

facilitate design flexibility by exploiting strength 

properties similar to the parent material. A common 

example can be seen by mixing thermoplastic matrix 
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composites and composites based on thermosetting 

[11].  

For automotive parts where flexibility for design and 

temperature and chemical resistance are important, 

polymeric materials such as Polyamide 6 (PA6) are 

commonly used to substitute metal. In the 

automotive sector, PA6 applications include door 

handles, radiator grilles, airbag containers, air intake 

manifolds, relay boxes, and engine coverings. On the 

electrical industry, PA6 applications primarily 

include low-voltage switch gears, circuit breakers, 

contactors, connectors, wiring and cable safety tubes, 

and much more for the electronics market [1, 3]. 

Similarly, polyvinyl chloride (PVC) has biomedical 

applications, such as medical devices for blood 

access, and food-product machinery-related parts 

such as star wheels and guides. Also, PVC is used in 

many industries in drain waste vent pipe systems and 

musical instruments. Moreover, PVC shows strong 

shock absorbance, and is therefore used in golf club 

heads, vehicle bumper plates, furniture and joinery 

buffer tops, and luggage and protective cases [4, 19]. 

This plastic has been criticized in recent years for 

being produced in a non-environment-friendly 

process. However, this plastic is still among the most 

widely used due to its low price. The FW process is 

challenging when it comes to polymers, as reported 

in polymeric materials like ABS and high-density 

polyethylene (HDPE) [19, 20]. The morphology and 

mechanical properties of these plastics show severe 

deformations in the vicinity of the weldments. 

Numerical code simulating the IFW is a powerful 

tool for easy tuning of the settings and fast 

visualization of the process-specific responses to 

define the weld efficiency [21-26]. Most of the 

previous studies are limited in the analysing of the 

more variable parameters of IFW which is quite 

large and lead to approximate results. A few 

numerical models were established by assuming a 

combination of the mechanical and thermal effects. 

Recently, Numerical models takes into account the 

coupling of thermal and mechanical effects [19-21, 

27-29]. The enormous number of variables leads to 

massive data output; thus, this requires applying 

optimization techniques. The aim of optimization 

technique is to provide optimal or near-optimal 

solution(s) to the formulated optimization problem. 

Researchers have developed a large range of 

techniques for solving optimisation problems, which 

can be categorized as conventional or non-

conventional optimization techniques [30]. The 

optimization techniques are essential to obtain the 

optimum parameters for the lowest welding 

temperature and residual stress in weldment zone. In 

this context, the new trend of welding process 

optimization is for soft computing approaches to be 

the alternative technique for estimating the optimum 

result of welding parameters, particularly for the 

temperature and residual stress values in the IFW 

method. Some computing soft techniques were used 

by previous works to suggest the optimum 

conditions of machining problems are the genetic 

algorithm (GA), simulated annealing (SA), taboo 

quest (TS), ant colony optimization (ACO), and 

particle swarm optimization (PSO) [30, 31].  

In previous research study, Vishnu et. al. combined a 

Genetic Algorithm with Response Surface 

Methodology (RSM) to maximize the tensile 

strength of joining similar medium carbon steels 

(AISI 1035) by friction welding [32]. Sreenivasan et. 

al. used the Genetic Algorithm to maximize the 

Ultimate Tensile Strength (UTS) and Hardness (HD) 

of the rotary friction welding of Al-SiC composite 

[33]. Winiczenko et.al. performed an experimental 

using a genetic algorithm to model the temperature 

duration during the friction welding cycle of 

aluminum alloy magnesium alloys [34].  Gupta et.al. 

developing a second order regression modelling and 

genetic algorithm-based optimization for joining of 

dissimilar AA5083-O and AA6063-T6 aluminum 

alloys by friction stir welding (FSW). The authors 

suggested parameters are tool rotational speed, 

welding speed, shoulder diameter and pin diameter 

for maximizing tensile strength and minimizing 

grain size [35].  

The aim of this work is to obtain the optimum 

condition of IFW process of dissimilar 

thermoplastics by GA and get the minimum end 

welding temperature and Von Mises residual stress. 

The paper starts with mechanical and thermal 

properties of PA6 and PVC. Then a simulation 

model using ANSYS is applied to obtain the best 

weldment zone. This is followed by developing the 

regression model of minimum welding temperature 

and Von Mises residual stresses. Finally, GA was 

applied to obtain the optimum welding condition and 

compared with those results found by FE and the 

regression model. 

2. METHODOLOGY 

In order to fulfil the aim of this study, four steps are 

implemented to obtain the optimum welding 

conditions that minimize welding temperature and 

Von Mises residual stresses values in inertia friction 

welding, and these are to: 
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 (1) Study the mechanical and thermal properties of 

PA6 and PVC for FE model to examine the welding 

conditions used (rotational speed, axial displacement 

and weldment time) that contributes to the welding 

temperature and Von Mises residual stresses results.  

(2) Describe the relationship between independent 

welding variables (welding conditions) and 

dependent welding variables (welding temperature 

and residual stresses) by using the regression 

technique which can define by the t test.  

(3) Find the optimal set value of welding condition 

to present the minimum objective function (fitness 

function) by using the GA technique. The GA’s 

objectives lead to minimize the value of welding 

temperature and Von Mises residual stresses.  

(4) Appreciate the solution obtained by GA. The set 

of welding conditions that give minimum welding 

temperature and Von Mises residual stresses values 

produced from GA are compared to the FE and 

regression model results.  

3. IFW SAMPLE DATA 

3.1 FE Model 
Modelling of the continuous IFW process with 

energy-based thermal model is based on sequentially 

coupled or fully coupled analysis techniques [2]. For 

simulating the fundamental IFW phenomenon, a 

detailed coupled non-linear model is needed 

including the transformation of mechanical stress 

into thermal energy and plastic deformation. In order 

to simulate the condition of the IFW process of 

dissimilar material and to obtain simulation results, 

changes in the mechanical and thermal properties 

must be considered and accounted for as input of the 

FEM. The mechanical and thermal properties of 

polymeric materials are known to be sensitive to 

changes in temperature [14]. A previous work by the 

current authors [36] presented the mechanical and 

thermal properties of PA6 and PVC at different 

temperatures starting from room temperature (20ºC 

to 100 ºC). Mechanical and thermal behaviour of 

PA6 and PVC, including stress-stress response, yield 

stress, thermal conductivity and specific heat 

coefficients, are examined at different temperatures. 

The FE model began with a sequential analysis in 

which the modelling began with the calculation of 

individual sub-steps in the thermal analysis of the 

complete field followed by the transfer of those 

results to a parallel structural analysis of the entire 

field. This was followed by integrating the results of 

the structural analysis into the thermal analysis in the 

second step, again transferring the results to the 

structural model, etc. For each sub-step re-meshing 

was needed to monitor node and element 

deformation from one sub-step to another. In this 

study ANSYS, the commercially available FEA 

program, was used as a solver and post-processor 

with numerical calculation capabilities for 

mechanical / thermal coding [36].  

3.2 Taguchi  

The Taguchi method was used to minimize the 

number of experimental trials, thereby reducing the 

time needed, which in effect reduced the cost of 

finding the necessary information [37, 38]. The aim 

of use the Taguchi technique is to optimize the 

welding parameters speed, time, and axial 

displacement to identify minimum final temperature 

and Von Mises residual stress [39]. Hence, a 

smaller-the-better quality characteristic is performed 

and introduced, as expressed by Eq. 1: 

𝑆 𝑁⁄  𝑅𝑎𝑡𝑖𝑜 𝜂 = −10 log [
1

𝑛
] ∑ 𝑦𝑖

2𝑛
𝑖=1         (1) 

where n is the number of experiments conducted 

under the given experimental conditions and y 

represents the calculated characteristics. Note that 

the S/N or noise ratio as expressed is determined by 

a smaller-the-better analysis to discover the best 

estimates for the end temperature and Von Mises 

residual stresses. The Taguchi method and L27 design 

were used. Table 1 shows the three parameters and 

their levels for the design of experiment: rotational 

speed, time of weldment, and axial displacement. 

 

Table 1: Welding parameters and levels 

Parameters unit 
level 

1 

level 

2 

level 

3 

Rotational Speed (v) rpm 500 775 1200 

Time of weldment (t) Sec 4 6 8 

Axial displacement (x) mm 0.045 0.09 0.18 

 

The order of the trials for the regression procedure 

was randomized. ANOVA was conducted to 

examine the input parameters and to show which 

parameters affect the responses significantly [38]. 

3.3 Genetic algorithm (GA) 

One of the optimization algorithms focused on 

natural selection principles and natural genetics is 

the Genetic Algorithm (GA), which is more robust 

and likely to find an optimal global solution. The 

(GA) begins with a randomly generated population 

of individuals, each formed by strings (or a 

chromosome) of the variables of design, representing 
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a set of points spanning the search area. The primary 

solution of the chromosome is evaluated by its 

fitness function, with respect to the fitness function 

of the optimization problem. A collection of 

chromosomes is called population, which is called 

generation at a given time. Each population size 

remains constant from one generation to another one.  

 GA's essential mechanisms are crossover and 

mutation. Crossover is the way two chromosomes 

are exchanged for a new offspring. This criteria is 

important because its assessment of the entire search 

space. The other characteristic is mutation, is a 

random adjustment of the chromosome in order to 

produce a new one and prevent the important 

information in the new chromosome. Finally, after a 

number of iterations of GA, the optimal solution 

obtained [40-42]. 

4. RESULT AND DISCUSSION 

4.1 FE Results 

For quarter’s welded dissimilar polymer hollow 

cylinder PA6-PVC, homogeneity of the temperature 

distribution across the pipe length, but it is found 

that the temperatures at the upper lip of the hollow 

cylinder during the process are comparatively higher 

than those at the lower lip. The heat-affected zone 

(HAZ) was less than 3.5 mm long around the surface 

contact of the two sections, as represented in Figure 

1.  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1: The deformation shape of PA6-PVC at (a) optimum welding temperature, (b) non-desirable 

welding temperature, (c) optimum residual stress, and (d) non-desirable residual stress. 

The optimum distribution of the welding temperature 

is defined as the one for which the weld has 

minimum final welding temperature at the welding 

contact surface. The optimum weldment temperature 

distribution for PA6-PVC is shown in Figure 1(a). 

The final temperature distribution of weld used in 

PA6 

PVC 

V=500 rps, X=0.045 mm, t=8 sec      Tmax = 48.1º V=1200 rps, X=0.18 mm, t=4 sec     Tmax = 152.9º 

PVC 

PA6 

V=775 rps, X=0.09 mm, t=8 sec     σmin = 11.7 MPa V=1200 rps, X=0.18 mm, t=8 sec    σmax = 60.7 MPa 

PA6 

PVC 

PA6 

PVC 
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practice tends to be too high, but it can be moved 

closer to the optimum which is around 48°C for 

PA6-PVC by modelling the preheating. However, 

we can see non-desirable, extremely high final 

temperature distributions of the weld, with high 

residual stress values in Figure 1(b). The maximum 

final temperature of the weld is found to be 153 ºC 

for dissimilar weldment of PA6-PVC cylinders, 

which does not exceed the melting temperatures of 

PA6 (225 ºC) or PVC (260 ºC) respectively.  

Similarly, the optimum weld conditions for 

minimum Von Mises residual stress are shown in 

Figure 1(c) for welding PA6-PVC with values of 12 

MPa. For optimum residual stress, the welding 

conditions occur at 775 rps, 0.09 mm and 8 sec. On 

the other hand, the non-desirable residual stress in 

weld zone is seriously high–approximately 60 MPa 

as shown in Figure 1(d). For non-desirable residual 

stress, the welding conditions occur at 1200 rps, 0.18 

mm and 8 sec. 

Concerning the issue under investigation, FE was 

performed that dealt with the final temperature and 

Von Mises residual stress. In the FE model, twenty 

seven trials were executed that were based on 

Taguchi’s L27 (33). The technique is simply a method 

of finding the optimal setting of the control factors in 

order to make the product or process insensitive to 

noise [21]. All the data were tested conditions of the 

FE trails are given in Table 2. 

Table 2: FEA trial results for end weldment 

temperature and Von Mises residual stress 

No 

Input variables Output 

Rotational 

speed 

(r.p.min) 

(v) 

Time of 

weldment 

(sec) 

(t) 

Axial 

displacement 

(mm) 

(x) 

End 

Temp. of 

Weldment 

(⁰C) 

(T) 

Residual 

Stresses 

(MPa) 

(σ) 

1 775 8 0.18 89.4 24.5 

2 500 8 0.18 53.5 32 

3 1200 8 0.18 127.8 60.7 

4 775 8 0.045 77.4 12.5 

5 500 8 0.045 48.1 34.3 

6 1200 8 0.045 109.4 48.5 

7 775 8 0.09 80.9 11.7 

8 500 8 0.09 49.7 34.5 

9 1200 8 0.09 114.7 54.4 

10 775 6 0.18 95.3 25.4 

11 500 6 0.18 55.8 30 

12 1200 6 0.18 136.1 60.6 

13 775 6 0.045 82.3 12.1 

14 500 6 0.045 50.2 32.4 

15 1200 6 0.045 116.2 47.4 

16 775 6 0.09 88.1 13.5 

17 500 6 0.09 51.88 32.7 

18 1200 6 0.09 121.9 52.3 

19 775 4 0.18 105.2 29.8 

20 500 4 0.18 60.2 26.1 

21 1200 4 0.18 152.9 60.6 

22 775 4 0.045 90.7 15.5 

23 500 4 0.045 54.1 28.3 

24 1200 4 0.045 129.3 45 

25 775 4 0.09 95.1 17.1 

26 500 4 0.09 55.9 28.6 

27 1200 4 0.09 136.4 50.7 

 

 

Min. value 48.1 11.7 

Max. value 152.9 60.7 

Average 

value 
100.5 36.2 

 

4.2 Regression model 

4.2.1 Regression model for temperature 

The regression model for end weldment temperature, 

based on the data for the FEA results given in Table 

2, is given in Eq. (2). The analysis of variance 

(ANOVA) and values of coefficients for the 

regression model parameters of end weldment 

temperature are given in Tables (3-4), respectively. 

The analyses are obtained by using the statistical 

software MINITAB. For a model with three factors 

namely rotation speed, axial displacement, and 

welding time; the sequential sum of squares for axial 

displacement shows how much of the remaining 

variation is explained by axial displacement, given 

that rotation speed is already included in the model. 

The regression method is repeated by entering the 

variables to obtain a new set of factors in a particular 

order. ANOVA is conducted to analyze design 

parameters and show which parameters affect the 

performance parameters significantly as shown in 

Table3. The ratio of variance due to individual factor 

and variance due to error term is known as F-value. 

Usually, when F>4, it means that the difference in 

the design parameter has significant influence on the 

quality characteristic [43]. 

Table 3: Analysis of variance for end of temperature 

Source DF Adj SS Adj MS 
F-

Value 

P-

Value 

Regression 3 26040.3 8680.1 282.4 0.0 

v 1 24300.5 24300.5 790.62 0 

t 1 923.1 923.1 30.03 0 

x 1 816.7 816.7 26.57 0 

Error 23 706.9 30.7   

Total 26 26747.2    
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The F-value shows that rotational speed has the most 

significant effect on end weldment temperature. 

Then time of weldment and axial displacement came 

in second and third order effect of weldment 

temperature respectively.   

Table 4: Coefficients values for end weldment 

temperature 

Term Coef SE coef T-value 
P-

value 
VIF 

Constant 15.19 5.46 2.78 0.011  

v 0.10418 0.00371 28.12 0.000 1.00 

t -3.581 0.653 -5.48 0.000 1.00 

x 98 19 5.15 0.000 1.00 

By passing coefficients values for weldment end 

temperature from Table 4, the linear regression 

model equation of end temperature of weldment can 

be written as follows: 

End Temperature of Weldment = 15.19 + 0.10418 v 

-3.581 t + 98 x             (2) 

 Equation 2 is applied to calculate the predicted value 

of end weldment temperature, and the results are 

summarized in Figure 2.  

 

Figure 2: FEA results verse predicted for end 

temperature of weldment 

The predicted results of regression model show good 

agreement with FE results of weldment end 

temperature.  

4.2.2 Regression model for residual stress 

Similarity, based on the FE results given in Table 2, 

non-linear regression model for Von Mises residual 

stress is given in Eq. 3. The ANOVA and 

coefficients values for the regression model of Von 

Mises residual stress are given in Tables (5-6), 

respectively. 

Table 5: Analysis of variance for Von Mises 

residual stress 
Analysis of Variance of residual stress 

Source DF Seq SS Cont.% Adj SS Adj MS 
F-

Value 

P-

Value 
Model 9 6258.78 96.49 6258.78 695.42 52 0 

Linear 3 3283.84 50.63 2699.29 899.76 67.28 0 

v 1 2954.4 45.55 2375.05 2375.05 177.59 0 
t 1 7.22 0.11 5.13 5.13 0.38 0.544 

x 1 322.22 4.97 338.8 338.8 25.33 0 

Square 3 2801.27 43.19 2801.27 933.76 69.82 0 
v * v 1 2799.36 43.16 2799.36 2799.36 209.32 0 

t * t 1 0.07 0.00 0.07 0.07 0.01 0.942 

x * x 1 1.83 0.03 1.83 1.83 0.14 0.716 
Way 

Interaction 3 173.67 2.68 173.67 57.89 4.33 0.019 

v * t 1 3.74 0.06 3.74 3.74 0.28 0.604 
v * x 1 167.1 2.58 167.1 167.1 12.49 0.003 

t * x 1 2.83 0.04 2.83 2.83 0.21 0.651 

Error 17 227.36 3.51 227.36 13.37 
 

  
Total 26 6486.14 100         

 

Table 6: Coefficients values for Von Mises 

residual stress 

Term   

   

Effect     Coef  

SE 

Coef  

T-

Value 

 P-

Value VIF 

Constant   19.32 2.04 9.47 0.000   

v 23.175 11.587 0.87 13.33 0.000 1.03 
t 1.082 0.541 0.873 0.62 0.544 1.03 

x 8.708 4.354 0.865 5.03 0.000 1.04 

v * v 45.62 22.81 1.58 14.47 0.000 1.02 
t * t 0.22 0.11 1.49 0.07 0.942 1.00 

x * x 1.27 0.63 1.71 0.37 0.716 1.04 

v * t -1.11 -0.55 1.05 -0.53 0.604 1.01 

v * x 7.27 3.64 1.03 3.53 0.003 1.03 

t * x -0.95 -0.48 1.04 -0.46 0.651 1.02 

By moving the coefficients values for residual stress 

from Table 6, the non-linear regression model 

equation of residual stress can be written as follows: 

Residual stress (MPa) = 127.9 - 0.2960 v + 1.01 t -

 76 x + 0.000186 v2 + 0.028 t2 + 139 x2 - 0.00079 v t 

+ 0.1539 v x - 3.53 t x   (3) 

Consequently, FE results (given in Table 2) 

compared to the predicted Von Mises residual stress 

values of the regression model (Eq. 3) as shown in 

Figure 3. 
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Figure 3: FEA results verse predicted for residual 

stress 

The predicted values according to non-linear 

regression of residual stress show slight agreement 

with FE results.  

4.3 Genetic algorithm optimization 

4.3.1 GA for end weldment temperature 

In current study, the aim of the optimization process 

is to determine the optimum set of the welding 

independent variables which contribute to the lowest 

possible minimum end welding temperature. To 

formulate the GA algorithm, the minimization of end 

weldment temperature proposed in Eq. 2 is taken as 

the objective function and subjected to the welding 

boundary condition values given by Eq. 4, 5, and 6. 

The limitations of welding boundary condition given 

in Table 1 are formulated as follows:  

500 ≤ v ≤ 1200   (4) 

4 ≤ t ≤ 8    (5) 

0.045 ≤ x ≤ 0.18   (6) 

For GA optimization technique, the end weldment 

temperature value of the FE result, regression 

techniques, and GA technique (from Figure 4) are 

48.1, 43.042 and 43.042 respectively; summarized in 

Table 7.  

 

Figure 4: Plot function of the best fitness of end 

weldment temperature 

Table 7: Comparison the optimal welding 

condition results for end weldment temperature 

Technique 

Optimal end 

weldment 
temperature 

Optimal welding condition 

Rotational 
speed 

Weldment 
time 

Axial 
displacement 

FE model 48.1 500 8 0.045 

Regression 

model 
43.042 500 8 0.045 

GA 43.042 500 8 0.045 

It can be concluded that there are similar between the 

regression model and the GA technique of the 

minimum average result of the end welding 

temperature than results of FE. 

4.3.2 GA solution of residual stresses 

Similarity, the optimum set of the welding 

independent variables which contribute to the lowest 

possible of Von Mises residual stress. The 

minimization of Von Mises residual stress proposed 

in Eq. 3 is taken as the objective function and 

subjected to the welding boundary condition values 

given by Eq. 4, 5, and 6. 

 

Figure 5: Plot function of the best fitness of Von 

Mises residual stress 
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For GA optimization technique, the Von Mises 

residual stress value of the FE result, regression 

techniques, and GA technique (from Figure 5) are 

11.7, 18.15 and 11.3 respectively; summarized in 

Table 10.  

Table 8: Comparison the optimal welding 

condition results for Von Mises residual stress 

Technique 
Optimal 

residual stress 

Optimal welding condition 

Rotational 
speed 

Weldment 
time 

Axial 

displace

ment 

FE model 11.7 775 8 0.09 

Regression 
model 

18.15 775 6 0.045 

GA 11.3 775 4 0.045 

The minimum average result of the residual stress 

value estimated by GA technique has minimum 

value than those obtained by FE and regression 

model. 

5. CONCLUSION  

The present study estimates the optimal 

solutions of friction welding of dissimilar hollow 

cylinder thermoplastics PA6-PVC by applied the GA 

technique. The GA technique leads to minimize the 

end weldment temperature and Von Mises residual 

stress value. The welding optimization problem is 

involving welding parameters namely rotational 

speed, welding time and axial displacement.  

To get the final temperature and Von Mises 

residual stresses for the weldment, FEA simulation 

code of FW processes were used [36]. The numerical 

analysis is sufficient to predict the deformations 

through the IFW process. The successful experiment 

measuring the mechanical properties of the nonlinear 

material is the key issue for FE's success in capturing 

the phenomenon [36].  

After that, it has been discovered that the 

regression technique used to model the relation 

between welding condition and weldment end 

temperature which is linear relationship. On the 

contrary, a non-linear relationship was found in the 

relation between welding condition and Von Mises 

residual stress. In both regression model of end 

weldment temperature and Von Mises residual 

stress, there are good agreement between predicted 

and FE results. The minimum and maximum error 

percentage between FE and predicted results of 

welding temperature are 0.08% and 17.26% 

respectively. On the other hand, the error 

percentages of Von Mises residual stress start from 

0.34% to 26.15%.  

Therefore, these relations of end weldment 

temperature and Von Mises residual stress have been 

selected to be the fitness function equation for the 

GA optimization solution. The GA technique has the 

minimum average result of the end weldment 

temperature and Von Mises residual stress values 

compared with those obtained by FE and regression 

model. 
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