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Abstract--- the Friction Stir Welding (FSW) is a new type of 

manufacturing process in which the relative motion between 

the tool & work-piece produces heat in the tool workpiece 

interface makes two plastic sheets joined by plastic diffusion 

by virtue of frictional heat. Various researches have been 

done over the friction stir welding of High Density 

Polyethylene (HDPE) Sheet to investigate the effect of 

welding parameters as high density polyethylene & 

polypropylene sheets are influenced by frictional stir 

welding parameters. The aim of the study is to develop a 

three dimensional model of HDPE sheet by friction stir 

welding using finite element method for specific 

experimental cases & validate the data & results obtained by 

experimental techniques. The friction stir welding is to be 

simulated using FEM model with software tool ANSYS. 

Keywords: – Friction stir welding, Thermal analysis, 

ANSYS. 

I. INTRODUCTION 

The use of the Finite Element Method (FEM) in product 

development is now well established. Its use in 

manufacturing processes is increasing and is  

Part of the field of new applications in 

computational mechanics. The most important reason for 

this development is the industrial need to improve 

productivity and quality of products and to have better 

understanding of the influence of different process 

parameters. The modeled phenomena play an important role 

at various stages of the production of steel parts, such as 

welding, heat treatment and casting, among others. 

The importance of these applications lies in 

determining the evolution of stresses and deformations to 

predict, for example, susceptibility to cracking and thus 

prevent failures during manufacturing or even service. 

Furthermore, this simulation tool can be used to optimize 

different aspects of manufacturing processes. 

Welding is defined by the American Welding 

Society (AWS) as a localized coalescence of metals or non-

metals produced by either heating of the materials to a 

suitable temperature with or without the application of 

pressure, or by the application of pressure alone, with or 

without the use of filler metal. Welding techniques are one 

of the most important and most often used methods for 

joining pieces in industry. Any information about the shape, 

size and residual stress of a welded piece is of particular 

interest to improve quality. 

The analysis of welding processes involves several 

branches of physics, and requires the coupling of different 

models addressed to describe the phenomenological 

behavior of a system. Many of these models have been 

implemented numerically and are being used in an efficient 

way to solve the problems on an individual basis. In the arc 

welding process, the energy required for metal fusion is 

produced by the Joule effect. This effect produces the 

energy required to melt the base and filler metals, forming 

what is known as the liquid pool. The surface temperature of 

the piece varies from 1700 K to 2500 K, depending on the 

material. In the liquid pool, convective effects take place 

that improve the heat transport. Finally, after removing the 

heat sources, the metal solidifies. During the process, 

temperature changes in the alloy produce solid state 

transformations. These microstructural transformations 

cause changes in the material properties during the evolution 

of the process. Heating and cooling induce localized 

volumetric changes. The thermal strains that occur in the 

vicinity of the welding zone are elasto-plastic and the 

resulting stresses react, causing permanent distortions. 

C.M. Chen,&R. Kovacevic [1] A three-dimensional 

thermomechanical model includ-ing the mechanical action 

of the shoulder and the therm- omechanical effect of the 

welded material is developed for the FSW of an Al-alloy. in 

order to build qualitative framework to understand the 

thermomechanical process in FSW. Modeling and 

measurement of the temperature and stress evolution in the 

FSW of 6061-T6 Al alloy is conducted, P. Heurtier & others 

[2] 

The semi-analytical simulation of the FSW process 

proposed in this paper highlights the thermomechanical 

history of the various material elements of the weld. This 

original modelling provides the trajectory of each material 

element of the weld. aluminium welded rods were evaluated 

to understand the thermal effects  

H.Seli,and others[3] The welded materials have 

lower hardness compared to their parent materials due to 

thermal effects of the friction welding.A one-dimensional 

FD numerical model for continuous drive friction welding 

was developed according to the characteristics of the friction  

welding process. 

S.T,Selvamani and others [4] A three-dimensional 

thermo mechanical model and the thermo mechanical effect 

of the welded material is developed for the FSW of an Al-

alloy, in order to build qualitative framework to understand 

the thermo mechanical process in FSW.          Modeling and 

measurement of Al6061 alloy is conducted and the 

experimental values validate the efficiency of the proposed 

model. 

M,K.Bilici, and others [5] The effect of friction stir 

spot welding parameters of HDPE sheet weld strength was 

evaluated with the help of the Taguchi method. and result 

obtain The improvement in the weld strength from the initial 

welding parameters to the optimal welding parameters was 

about 40%. 

A.Anca,and others [6] Finite element models have 

been used to analyze the thermal and mechanical 

phenomena observed in welding processes. Thermal 

histories and residual stresses have been predicted. 

A mathematical model was implemented to represent the 

power density distribution of the external heat source. 
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II.  OBJECTIVES  

The objectives of the study are put forward after the 

extensive literature   survey.  

1. To Review the literature of Finite Analysis Approach 

for friction stir welding process 

2. To study thermal effects in a friction stir weld using 

Finite Element Analysis. 

3. To study various process parameters critical to Friction 

stir welding.  

III. RESEARCH METHODOLOGY  

 The basic methodology is to develop a Finite 

Element model based on vital points summarized from 

different published  papers as  discussed inliterature re

view. The finite element model woul be correlated 

with published  experimental  data. 

 The best correlated model would be extrapolate-d to 

perform further  parametric  studie- s involving friction 

stir weld commercial code of ANSYS softwaree used 

in the study. 

 
Fig. 1: Schematic of a FSW  process 

IV. THERMAL ANALYSIS 

 Heat Generation Model A.

During friction welding, the temperature in the weld region 

rises sharply due to extreme friction and plastic work of the 

HDPE sheet part within a very short time. To calculate the 

temperature profile, the heat transfer analysis is undertaken 

by considering the frictional heat generation at the interface, 

heat generation by plastic deformation and heat loss to the 

environment. 

 Fourier equations is use to solve the problem because it 

gives unique solution. 

 Conduction heating process is well describe by Fourier 

in solid models. 

 The temperature calculation is based on Fourier’s 

equation. 

 
Where, 

“q” is the power generated by friction between the tool and 

the top of the work piece and by the plastic deformation 

work of the central weld zone. 

“T” is the temperature, 

“K” is the conductivity,  

“p” is the material density, 

“c” is the heat capacity. 

 

The main heat source in FSW is generally considered to be 

the friction between the rotating tool and the welded plates 

 Calculation For Heat Generation B.

Torque=M =2/3µπp   

µ=dynamic friction coefficient 

µ= -0.00027 T +0.581 

R=surface radius 

P=pressure distribution across tool and workpiece 

Heat generated=q=∫    
 

 
 

                      q=∫          
 

 
 

                      q=∫           
 

 
  

 Where    2 π N 

                       q=4/3µp     

Where R=shoulder radius of tool 

Tool Profile Force 

(Kg) 

 Temp 

   (
o
C) 

Dwell 

Time(sec) 

Straight Cylindrical Tool 

with 0° Concavity and 

PD=10 mm 

8 162 40 

Straight Cylindrical with 

4° Concavity 

7 156 30 

Taper Cylindrical with 4° 

Concavity 

12 131 25 

Taper Cylindrical with 0° 

Concavity & PD=10 mm 

11 110 20 

Taper Cylindrical 

Threaded with 6° 

Concavity 

11 77 40 

Calculation to find heat generated with constant speed 2970 

rpm 

 
Fig. 2: Graph temp vs Heat generated 

 
Fig. 3: Graph Temp vs Time 

V. RESULT 

Experimental data (Friction Stir Welding) Material:  HDPE 

Grade EN52009, Dimension: 400 mm X 75 mm, Thickness:  

6 mm 
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Fig. 4: Meshing 

 
Fig. 5: Temperature distribution 

 
Fig. 6: 

VI. SIMULATION 

 
Fig. 7:  Flowchart of the temperature calculation. 

 
Fig. 8: A comparison of calculated and measured 

Temperature with Time 

 

 
Fig. 9: A comparison of calculated and measured 

Temperature with Heat   generated 

 The temperature generation in the welding area is a 

function of various parameters like tool rotational 

speed, axial pressure of the tool, coefficient of friction 

and tool geometry. By varying these parameters, the 

welds were prepared by experimentation and 

simulation, and the temperatures were generated 

accordingly.  

VII. CONCLUSION 

 From the comparison it shows that FE modelling and 

Experimental results gives nearly same values. 

 From result temperature is decreases with decrease in 

time but at minimum temperature it increases. 

 From result it concluded that FEM is best suitable for 

simulation of friction stir welding. 
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