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Abstract: Friction stir welding has been frequently used for 

fabrication of low melting point materials. Nevertheless, it is 

capable to join thin sheet of high melting point materials such as 

stainless steel, titanium etc. but tool wear rate is high. A 

Heat-assisted backing plate (HABP) was developed to preheating 

the welded specimen. In this paper, a modified 3D FE model was 

established to simulate the heat-assisted backing plate of friction 

stir welding by using ANSYS APDL to study of the temperature 

distribution of workpiece. Numerical simulation was defined by 

six different load steps for preheating, plunge, dwell, traverse, pull 

out of tool and cooling stage. Observations of preheated friction 

stir welding were compared with traditional friction stir welding 

results. It was found that the preheated friction stir welding 

increased 7.39 % and 7.55 % of peak temperature as compared to 

traditional friction stir welding in FEA and experimental 

respectively. In addition, preheating improve the uniform 

temperature distribution along the thickness of welded joint. 

Index Terms: Friction stir welding, Heat assisting backing 

plate, Preheating, Numerical simulation, temperature 

distribution.  

I. INTRODUCTION 

 Latest generation of Al- Li alloys have considered as a 

futuristic materials for aerospace and spacecraft due to their 

inherent properties [1]. However, the joining of these 

materials by conventional fusion welding is not recommended 

due to loss of alloying element as well as loss of joint strength.  

Friction stir welding (FSW) is an ideal joining process for 

Al-Li alloy. It is a widely growing joining process due to 

energy efficient, environment-friendly, economically 

effective and user-friendly operation. It was invented in 1991 

by W. Thomas [2]. In the early stage it was used only for the 

low melting point of materials but gradually it has applied 

almost all metals. Sound welding dependent on proper 

thermal management of FSW. It is controlled by selecting 

proper parameters. Many researchers have been working to 

enhance the mechanical properties by applying, hybrid 

processes and various backing plate with different thermal 

diffusivity and improved tool design. 

In hybrid FSW, post weld heat treatment, underwater FSW, in 

process cooling FSW, and heat-assisted FSW such as 

laser-assisted FSW, electrical current assisted FSW, electric 

arc, tungsten arc, induction assisted FSW weld were used to 

enhance mechanical properties of FSW [3-10]. Santos et al. 

[11] utilized electrical heat source in the tool probe tip as the 

additional heat and observed that the additional heat helps in 

reducing the lack of penetration in root side. Numerous 
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numerical models have been developed to study the effect of 

additional heat. Yaduwanshi et al. [12] developed 3D plasma 

assisted friction stir welding and reported that preheating is 

beneficial for joining in harder and dissimilar material and 

reduces the tool wear. Long et al. [13] developed FE model to 

analyze the electrically enhance FSW to traditional FSW and 

found similar temperature profile but EHFSW takes half time 

and they suggested that welding speed can be increased up to 

double of traditional welding. Shi et al. [14] developed an 

integrated model to analyze the effects of ultrasonic vibration 

on tool torque and thermal cycle.  

Various backing plate from low thermal conductive material 

to high thermal conductive materials were applied by many 

researchers. It is due to most of the heat is transferred from the 

backing plate. They have reported that low thermal 

conductivity of back plate such as asbestos, ceramic and 

composite produces defect-free welding [15-18]. Imam et al. 

[16] applied mild steel, asbestos and stainless steel as a 

backing plate and found weld zone temperatures were 

significantly affected by the BP material and they reported 

that mechanical and microstructure properties of the joint was 

the function of backing plate & defect free weld was found 

with asbestos backing plate. In other observations, Upadhyay 

et al. [17] found homogeneous temperature distribution along 

the thickness of workpiece by using low diffusivity of backing 

plate. Consequently, grain size and hardness was 

homogenized. 

Based on the above literature, a novel approach heat assisting 

backing (HABP) plate has introduced by considering the 

importance of additional heating and backing plate. Before 

welding, the welded material had heated up to 80℃ and 

Compare with traditional welding and numerical modeling in 

ANSYS APDL is also developed for the same. 

II. EXPERIMENTAL PROCEDURE 

In this study, latest generation of Al-Li alloy AA 2099 T8 

plate with thickness 5 mm were employed to the friction stir 

welding process. Welding surfaces were grounded and 

cleaned with acetone before welding. The plates were kept on 

modified backing plate as butt configuration and clamped 

tightly. Fig 1 and fig 2 represent the schematic diagram of heat 

assisting backing plate and experimental set up of FSW 

respectively. Friction stir welding was done on BFW Chandra 

5 axis CNC vertical milling machine. Three small holes of 1.5 

mm diameter and 3 mm depth were drilled from top surface of 

workpiece at 12 mm, 16 mm and 20 mm from weld line. 

Thermocouple’s wire was connected with 16 channel data 

scanner to inspect the 

temperature.  
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The friction stir tool is made of H13 steel. It consist 

threaded cylindrical pin profile and concave shoulder. The 

length and diameter of the pin are 4.85 mm and 5 mm 

respectively. The measured diameter of the shoulder is 18 mm 

and plunged depth of shoulder is 0.12 mm.   

 
Fig. 1 schematic representation of heat assisting backing plate 

 

 
Fig. 2 Experimental set up of FSW 

III. COMPUTATIONAL PROCEDURE 

Two rectangular plates each of dimension 52 mm × 45 mm × 

5 mm were created and meshed. Workpiece was divided into 

30 parts along length, 25 parts along width and 3 parts along 

thickness. In the present analysis, thermal studies were 

performed near the welding line. Therefore, finer mesh is 

created along the weld line by considering spacing ratio 5. It is 

shown in fig 3. The total number of nodes and elements are 

8093 and 7989 respectively. A rigid tool, without the pin is 

created on the weld joint.  

 
Fig. 3 Meshes of FEM of FSW 

Aluminium alloy 2099 T8 is considered for experimental 

work. So, similar thermo-mechanical properties are specified. 

For the finite element analysis, the Thermal conductivity, 

specific heat, density, and the friction coefficient between tool 

and workpiece are considered as temperature dependent 

properties as shown in fig 4 and Elastic modulus, poison’s 

ratio, the coefficient of thermal expansion are considered as 

temperature independent properties and its value is 

considered 78 GPa, 0.33, and 25.2 ×  ℃-1
  respectively. It 

has also assumed that the workpiece behaves as a 

rate-independent plastic material.  

 

 
Fig. 4 Temperature dependent material properties of third 

generation Al-Li alloy [19] 

In this analysis, 3D 20 node couple field element SOLID226 

was selected because it is capable of large strain capabilities, 

plasticity, large deflection and stress stiffness [20]. Since, 

SOLID226 consist mid-side node which can lead (a) 

oscillation in the thermal solution & (b) nonphysical 

temperature distribution. Therefore, in this analysis, the 

mid-side node has removed to avoiding these phenomena. 

Element CONTA174 and element TARGE170 is used for 

pair based contact. The bonding temperature between plates 

has taken 400 . It was applied as a real constant TBND for 

CONTA174. This value shows that when temperature reaches 

or exceeds 400  then the contact type of behaviour changed 

into bonded type and remains in bonded even though 

temperature decreases to below the bonding value. Another 

important real constant thermal contact conductance (TCC) is 

used between contact interfaces of plates. A high value 2 × 

10
6 
is taken for perfect conduction of temperature between the 

plates.  
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In thermal boundary condition Fourier’s law is applied to heat 

conduction in plate and heat convection is applied for heat 

loss to ambient and contacting surface. The initial boundary 

condition for this model is used as 

 

Where  is the ambient temperature at time t = 0 and T 

(x,y,z,t) represents the transient temperature field T, which is 

a function of time t and spatial coordinate (x,y,z). Heat 

transfer during friction stir welding is a typical nonlinear heat 

conduction process which is governed by Fourier’s law of 

heat conduction. It is expressed as equation (2) 

 
Where, ρ, Cp, K and  represents density, Specific heat, 

directional thermal conductivity and rate of heat generation 

respectively. In present simulation, only convective heat 

transfer is considered. The heat loss from free surfaces of 

workpiece and tool are calculated as equation (3) 

 

Where,  and  refers absolute temperature of 

workpiece, ambient temperature and   convection coefficient 

of free surfaces of workpiece and tool. Value of heat transfer 

coefficient for aluminium alloy to air is taken 30 . 

Backing plate is always contact with lower surface of 

workpiece and act as a heat sink. It is found that most of heat 

is lost through backing plate. For simplicity it is modeled as a 

convection condition and considered a higher convection 

coefficient. The value of heat transfer coefficient is taken as 

200 W/m
2
.  

 

 
Fig. 5 Thermal and mechanical boundary condition of FSW 

The mechanical boundary condition applied as clamping bar 

on plate and bottom support. The bottom portion of 

workpiece is constraint in normal direction and taken Uz = 0. 

Whereas clamped portion is taken as complete restraint as real 

i.e. there is no movement in any direction. Boundary 

condition is represented in fig 5. 

Simulation of preheated FSW was defined by six load steps as 

preheating, plunge, dwell, traverse and pull out of the tool and 

cooling stage whereas traditional FSW defined by last five 

load steps. Details of load step depicted in table 1. Newton 

Raphson technique was utilized to solve the governing 

non-linear equation and automatic time step is activated for 

faster solution. 
 

 

Table 1 Details of tool movement in FEA of FSW 
Load 

steps 

Stages Movement of tool 

(Preheated FSW) 

Movement of 

tool (Traditional 

FSW) 

1 Preheatin

g stage 

No movement Not applied 

2 Plunging 

stage 

Displacement 

along z-axis 

Displacement 

along z-axis 

3 Dwelling 

stage 

Rotation along 

z-axis 

Rotation along 

z-axis 

4 Welding 

stage 

Displacement and 

rotation along 

x-axis & z-axis 

respectively 

Displacement 

and rotation 

along x-axis & 

z-axis 

respectively 

5 Tool pull 

out stage 

Displacement 

along z-axis 

Displacement 

along z-axis 

6 Cooling 

stage 

No movement No movement 

 

IV. RESULTS AND DISCUSSION 

In order to examine the effects of the preheating in friction stir 

welding on temperature distributions in the workpiece 

experiment & numerical simulations were performed. Fig 6 

(a) and (b) shows the temperature field of preheated and 

traditional FSW from the simulation.  

 

 
Fig. 6 Temperature field of workpiece in (a) Traditional FSW 

(b) Preheated FSW 
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In both cases, high temperature occurs at the tool and 

workpiece interface and peak temperature within the shoulder 

region is almost the same. It was observed that the peak 

temperature in preheated and traditional FSW was 486 ℃ and 

478 ℃ respectively. From these results it can be demonstrated 

that the preheating is helpful to make soften the material 

before welding, resulting, tool needs less forces in plunging 

state. In addition, materials of stir zone can be properly mixed 

with FSW tool, without absorbing high heat.  

These results reveal that the preheated FSW have little 

extent on total heat generation in stir zone and it has minor 

role on enhancement in peak temperature.  It is due to friction 

coefficient between workpiece and tool. Friction coefficient 

and temperature mutually depends on each other. Friction 

coefficient between workpiece and tool decrease by 

increasing temperature. Consequently, heat generation from 

the friction is decreased. It is also observed temperature 

gradient is much steeper in front of the tool than the behind of 

the tool. 

 

 
Fig. 7 Comparison of temperature variation between traditional 

and preheated FSW at 12 mm from weld line in FEM 

Experimental observations of temperature distribution at 12 

mm from weld line are shown in fig 8. The peak temperature 

of preheated FSW is 17 ℃ more than the traditional FSW. The 

overall error in peak temperature of numerical & 

experimental results was observed 5.84 % and 5.46 % in 

preheated and traditional friction stir welding respectively.  

 

 
Fig. 8 Comparison of temperature variation between traditional and 

preheated FSW at 12 mm from weld line in experimental results 

 

Fig 7 represents FEM results for temperature distribution in 

traditional and preheated FSW. It was found that the peak 

temperature in preheated FSW is 19℃ more than that of 

traditional FSW. 

From the obtained results it was also observed that the 

cooling rate of preheated FSW is decreases as compared to 

traditional FSW. It is due to heat transfer from workpiece to 

backing plate is reduced. It is well known that AA2099 T8 is a 

precipitates hardened material and slow cooling rate may 

helpful to re-precipitates of second phase.  

 
Fig. 9 Temperature variations along the thickness of plate in 

FSW 

 

Fig 9 shows simulated result of preheated and traditional 

friction stir welding along the thickness of the plate. Four 

locations were chosen at 0, 1.66, 3.33, and 5 mm to predict 

temperature variation along thickness. In traditional friction 

stir welding crown side experiences more heat than that of 

bottom side. It is due to frictional and plastic deformational 

heat from shoulder and workpiece interface. In other side heat 

transfer rate is highest between backing plate and workpiece, 

resulting non uniform temperature distribution along 

thickness of welded sample 

 Chao et al. [21] observed temperature difference between 

top and bottom side was 60℃. To avoid this inhomogeneity in 

temperature distribution along thickness of welded plate 

preheating is applied from backing plate. It can be clearly 

observed from figure 8 that the difference in peak temperature 

of top and bottom surface in preheated friction stir welding is 

less than that of traditional friction stir welding. This 

demonstrates that the homogeneity of temperature along the 

thickness of the plate is increased in preheated friction stir 

welding. 

V. CONCLUSION 

 In order to the effects of preheating on the temperature 

distribution of friction stir welding of latest generation of AA 

2099 T8, experiments & numerical simulations were 

performed. The following conclusions were obtained; 
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 Preheating increased 7.39% and 7.55% peak temperature as 

compared to traditional friction stir welding in FEA and 

experimental respectively. 

 The overall error in peak temperature of numerical & 

experimental results is 5.84 % and 5.46 % in preheated and 

traditional friction stir welding respectively. 

 Preheating increases homogeneity along the thickness of 

plate due to reducing temperature gradient along thickness. 
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