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Abstract 

Friction stir spot welding (FSW) is a relatively novel welding technology, which has caught the interest of automobile, ships and 

aeronautic industrial sectors due to its many advantages and saving large industrial potential. This paper presents the prediction 

of welding strength at variable welding parameter used a friction stir spot weld joints obtain through Artificial Neural Networks 

(ANN). Experiments were conducted by varying the input variable welding parameters such as rotational speed, plunge depth, 

plunge rate and dwell time, which create a key role in deciding the weld quality. A full design (trials) was used through the 

experimental design. ANN is solving obtained by two kinds such as M coding and nftool in Mat-lab.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Friction stir welding (FSW) process was invented by TWI in 1991 for aluminium alloys. Friction stir welding process is solid-

state joining process. With developments in FSW process, studies were carried out to include advanced material such as copper 

alloy, magnesium alloys, titanium alloys, and steels. 

 Friction stir spot welding (FSSW) is a variant of the FSW process. FSSW was developed by Mazda Auto Corporation an 

automotive industry as a replacement for resistance spot welding of aluminium sheets in 2001. It was gaining worldwide 

attention due to potentially large energy and infra-structure savings compared to other types of welding techniques, to fill the 

same materials is not required filler extra material or shielding gas, reduction in production costs in further processing and 

finishing is possible as the surface appearance of FSSW approaches to that of a rough machined surfaces, the process is eco- 

friendly, as no splatter, fumes or UV radiations are produced during FSSW process.  

 FSSW process essentially consists of three phases such as plunging, stirring and retracting. FSSW is welding process, in 

which especially a non-consumable rotating tool with designed pin and shoulder is inserted into the edges of the lap plates to 

join. When the rotating tool contacts the upper sheet, a downward force is applied whereas a backing anvil beneath the lower 

sheet supports this downward force. 

 
Fig. 1: Principle of FSSW 

The downward force and the rotational speed are maintained for an appropriate time (dwell time) to generate frictional heat. 

Then, heated and softened material flows around the tool through extensive plastic deformation, and a solid- state bond is made 

between the upper and lower sheet. Finally, the tool is drawn out of the sheets and protruded pin leaves a characteristic exit hole 

in the middle of the join as shown in fig.01. Good quality of welded joint between dissimilar materials is a very useful for many 

emerging application including the Ship building, Automobile, Aerospace, Transportation, Power generation, Chemical, Nuclear 

industries.   

 From the literature study and it is observed that there is very few work was done on Friction stir spot welding of High Density 

Polyethylene sheets and no one researcher use Artificial Neural Network and Taguchi Method  for optimization of Friction stir  
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spot welding of HDPE . ANN is obtained two kinds such as M coding and nftool in Mat-lab.. Therefore HDPE sheets and AISI-

1045 steel Rod (Tool) were selected for further study. 

II. EXPERIMENTAL PROCEDURE AND MATERIALS 

In this study High Density Polyethylene sheets with the thicknesses of 4mm, respectively, were used to produce Homogenous 

FSSW sheets lap joints as shown in Figure 1and 2. Trial Numbers of experiments were carried out according to the principles of 

the design of experiment in order to determine the effect of the main process parameters. The design consists of a 20 full 

factorial design augmented. The experimental design level for the three factors of welding parameters at 3 levels is shown in 

Table 1. The dimensions of all spot welded test specimens were 75 *400 mm with a 75*90 mm overlap area. FSSW experiments 

were conducted with an FSW adapted universal milling machine.   
Table - 1 

Level of Parameters 

Factor Units 
Level 

1              2                    3 

Speed rpm 560 900 1400 

Dwell time Sec 30 60 90 

Pin profile ------ 
Taper  Cylindrical With 

SCA 

Taper   

Cylindrical 

Thread                                                                    

With 

SCA 

 

Table - 2  

Welding Parameter 

Trial 

No. 

Speed 

In Rpm 

Dwell 

In Sec 

pin profile 

Tool No 

LSSF 

N/mm 

1 560 30 3 2.738 

2 1400 30 1 3.167 

3 560 90 1 2.711 

4 1400 90 1 2.828 

5 560 30 3 2.887 

6 1400 30 3 3.193 

7 560 90 3 2.805 

8 1400 90 3 2.761 

9 560 60 2 3.567 

10 1400 60 2 3.749 

11 900 30 2 3.405 

12 900 90 2 3.517 

13 900 60 1 4.08 

14 900 60 3 3.91 

15 900 60 2 4.042 

16 900 60 2 4.017 

17 900 60 2 4.042 

18 900 60 2 4.087 

19 900 60 2 4.082 

20 900 60 2 4.112 

In this experimental investigation, 4 mm thick high density polyethylene (HDPE) sheets were used. Fig. 2 shows sheet are a 

lap-shear specimen that was used to define the weld strength of the friction stir spot welds under shear forces conditions. The 

specimens were welding conducted n a milling machine. In specimens are develop by design of experiment in the FSSW tests, a 

properly designed clamping fixture was utilized to fix the specimens.  The tool was used in machine from SAE 1045 steel and 

heat treated to a hardness of 50-55 HRC. Welded lap-shear specimens were test conducted on a universal Test machine at a 

constant crosshead speed. 
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Fig. 2: Experimental Set-Up 

 
Fig. 3: Workpiece 

The breaking specimens force was indicated on display during the test. The lap shear welding strength was obtained by averaging the 

strengths of five individual specimens, which were welded with identical welding parameters. 

III. WELDING PARAMETERS 

 Tool Rotational Speed (N):  A.

Tool rotation speed is one of the most parameter using FSSW process. In this process Tools speed are used 560, 900 and 1400 

rpm. The motion of the tool is generate frictional heat on the work pieces such a HDPE Sheet, to extruding the softened 

plasticized material around it and forging the same in place so as to form a solid-state seamless joint. As the tool rotates and 

moves deep along on Z axis of the lap surfaces and heat is being generated at the shoulder work piece and to lesser extend at the 

pin work-piece contact surfaces, as a result of the frictional-energy dissipation. 

 Plunge Rate (F) B.

The Plunge rate depends on several factors, such as polymers and alloy type, rotational speed, penetration depth, and joint type 

Higher tool rotation rates generate higher temperature because of higher friction heating and result in more intense stirring and 

mixing of material. Plunge rate are define from when wheel is one rotation into convert reciprocating moves 2 mm at z-axis of 

machine. 

 Dwell Time (Td): C.

 Dwell time is the time for which the tool is continue to rotate on the spot of the joint with no movement or no further plunge of 

the tool. Actually, the dwell time is the parameter responsible for the melting of the HDPE. During this time, stirring of the 

material occurs. The temperature of the weld increases with the dwell time. This is due to fact that the friction heat produced in 

the vicinity of the tool increases with the dwell time, so the temperature of the material increases. The temperature of the 

material reaches to the melting temperature but it does not change with extended dwell time. The values of the dwell time taken 

in this study are in the range of 30 to 90 seconds. 
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 Axial force (F) D.

During traversing, softened material from the leading edge moves to the trailing edge due to the tool rotation and the traverse 

movement of the tool, and this transferred material, are consolidated in the trailing edge of the tool by the application of an axial 

force. 

 Tool Plunge Depth (Z) E.

The tool plunge depth is the depth to which the tool penetrates into the weld joint. In this study, the tool plunge depth is kept 

constant to a value of 9mm which is equal to the value of pin length of the tool. 

 Tool Delay (Td2) F.

Tool delay is also a parameter which mainly decides the macrostructure of the weld nugget. It is the delay made in the 

withdrawal of the tool as soon as the dwell time is over. The cross section of the weld nugget depends upon the waiting time of 

the tool after the end of the dwell time. When the tool is immediately retracted, the joint does not show the characteristic 

keyhole. The joint that has certain tool delay time after the dwell time shows the characteristic keyhole on the top surface of the 

weld nugget. The values of the tool delay have been taken for the studies are in the range of 5 to 9 seconds. 

IV. ARTIFICIAL NEURAL NETWORK (ANNS) 

ANNs are computational base models, which is replicate the function of a biological network, composed of neurons and are used 

to solve complex functions in various applications such as tools for designing, implementing, visualizing,   and Simulating 

Neural Networks. Network Toolbox software provides comprehensive support for many proven network paradigms, as well as 

graphical user interfaces (GUIs) that enable you to design and manage your networks. The modular, open, and extensible design 

of the toolbox simplifies the creation of customized functions and networks and second thinks M-code through create the neural 

network.  The system has used of three kinds of layers, which are input, hidden and output layers. The input layer consists of all 

the input welding parameter such as Tool rotation speed, dwell time and plunge depth. Information from the input layer is then 

processed in the course of one hidden layer; following output vector is computed in the final welding strength (output) layer [5]. 

A schematic description of the layers in neural networks consists of simple synchronous processing elements shown in fig. Three 

different kinds of neural network architectures namely Back Propagation Neural Network (BPNN), Generalized Regression 

Neural Network (GRNN), and Radial Basis Function Network (RBFN) have been defined in predict the welding strength of the 

FSSW process and a comparison is made between measured base material and predicted data [7]. 

 
Fig. 5: Network Diagram 

The overall performance shows a mean square error of twenty iterations in three seconds. Figure 3 shows the linear regression 

plot between network output and experimental data. The R value for training shows 99.999 % closeness whereas that of 

validation shows 99.48 % and testing 99.952 %. Figures 4 – 5 show the plot of predicted results versus the experimental for lap 

shear strength of FSSW. 

V. OPTIMIZATION RESULT 

 Artificial Neural Network Results A.

It while testing of the ANN model was carried out using four patterns. Linear regression analyses were performed to compute the 

correlation coefficient (R2) between the experimental and predicted values. The correlation coefficients for ultimate tensile 

strength at the training and testing stages were 0.9967 and 0.9944 and 0.9995 and 0.9698 shown Figure 08. 

 It is clear that the neural network prediction of FSSW parameters follows the experimental results very closely and the 

developed ANN can accurately predict the ultimate tensile strength. It is evident that the predicted data by the ANN is in good 
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agreement with the experimental results. Therefore, it is possible to predict the ultimate tensile strength without carrying out the 

experiment. The Formulation of Hidden and output layers with ‘log-sigmoid’ transfer function were used for the prediction of 

ultimate tensile strength. The log-sigmoid transfer function is given as: 

F(x) =  
 

         
 

Where, x is the weighted sum of the input. To determine the ultimate tensile strength, were derived from the ANN. 

 Experimental Result: B.

The effect the experimental of tool rotating speed and Dwell time of FSSW. In Fig 3. and Fig. 4 are indicates that optimum joint 

strength can be obtained by using proper tool rotational speed and dwell time. The optimum rotational speed changes with the 

dwell time. If the dwell time is long a small rotational speed is needed. The optimum speed increases if the dwell time is short. 

  
     Fig. 3: Speed vr. Strength                               Fig. 4: Dwell time vr Strength 

  
     Fig. 5: ANNs Performance                         Fig. 6: Training State 

 
Fig. 7: Regression Analysis 
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Fig. 9: comparison between Experimental and ANN 

VI. CONCLUSION 

In this worked the Design of Experiment is used for conducting the experiments by Artificial Neural Network. The successful 

use of ANN to in predicting lap shear strength of FSSW welded joints on HDPE-sheet and in this results reported are in good 

with other researchers. Predicted results define and show a mean squared error of 34.2 for overall performance. The calculated 

average absolute error of 15.35% with an average percentage error of 3.5. the FSSW are define the maximum lap shear strength 

on 1400rpm and dwell 30 sec for straight cylindrical pin with concavity and 900 rpm at 30 sec dwell time for taper cylindrical 

pin profile tool are maximum welding strength such as 3.167 and 3.749 N/mm 
2 
. 
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