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Friction stir welding is considered a solution to conventional welding issues, 
particularly when dissimilar materials are involved. The implication of complex 
phenomena encourages researchers to utilize numerical simulations in their research. 
Despite the backing plate being the most significant cause of heat loss, researchers 
tend to simplify the heat transfer coefficient for the backing plate without considering 
the workpiece deformation pattern. The applied pressure by the tool increases the 
contact conductance between the workpiece and the backing plate, influencing heat 
transfer coefficient distribution. This paper aims to model the FSW process involving 
workpiece deformation and compare it with uniform and temperature dependent in 
existing models. A backing plate in the form of asbestos is employed to capture the 
workpiece deformation on an experimental test. Quadratic polynomial equations are 
used as an approach to measure deformation patterns. Based on the results of this 
study, the workpiece yield strength and the tool axial force play crucial roles in 
determining the convection coefficient. This is proven by the convection coefficient 
distribution based on the deformation pattern, which produced a temperature history 
closer to the experimental results than uniform and temperature based. Higher 
temperatures on the advancing side apply to areas close to the tool, and the material's 
thermal conductivity becomes more decisive as the distance increases. In connection 
with material flow, despite a flat tool being used, the material on the advancing side 
tends to be extruded upward and downward on the retreating side perpendicular to 
the tool. Validation of material flow in the model was also carried out. 
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1. Introduction 
 

The growing interest in joining dissimilar materials in recent times [1] is inseparable from the 
possibility of exploiting the prominent properties of the materials to be combined [2], low 
operational and material costs, design flexibility, and the ability to enhance the electrical and 
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mechanical properties [3] of the product. The combination of aluminum and copper (Al-Cu) is an 
example of a commonly used material in the electrical industry [4]. The dissimilar Al-Cu is widely used 
for battery cells in electric cars for its high electrical conductivity and good mechanical properties [5]. 
However, joining Al-Cu beyond its melting point will cause the formation of intermetallic compounds, 
resulting in poor joint quality [6]. Low heat input in friction stir welding (FSW) allows joining material 
without transcending its melting point so that the formation of the intermetallic phase can be 
controlled, simultaneously increasing joint mechanical properties [7]. 

The FSW process is essentially like combining two pieces of clay through the use of heat by friction 
to produce a nugget zone [8]. Though the concept appears simple, the phenomenon behind it is very 
complex [9], consisting of a nonlinear and strong relationship between temperature and material 
flow. To understand its process in depth, observations and measurements must be made while 
welding is in progress or can also be done using numerical simulations [10]. Considering costs, 
research time, and emerging complex phenomena [11,12], many welding studies are carried out 
using numerical simulations. Knowing all the fundamental processes involved in detail is essential in 
producing high strength and defect-free welded joints [13]. 

Many efforts have been made using numerical simulations in the FSW process, which are in good 
agreement with experimental validation, especially in the thermal field. Although the contact 
between the workpiece and the backing plate is responsible for most of the heat loss from the 
workpiece through conduction [14], authors tend to simplify the conduction as convection with a 
uniformly high magnitude of convection coefficient [15] or depend only on temperature [16]. In fact, 
it is known that the thermal contact conductance found at the workpiece-backing plate interface is a 
function of several dominant parameters, namely, material properties, surface geometry, workpiece 
temperature, pressure, and filling fluid [17]. This indicates that the influence of the backing plate has 
not received as much attention as other parameters, such as tool design, welding speed, and other 
parameter processes [18]. 

When two flat objects make contact, geometrical imperfections on the two surfaces cause them 
to stick together only at specific points, as shown in Figure 1. This contact is never thermally perfect, 
giving rise to thermal contact resistance between layers [19]. When pressure between objects 
increases, the peak of surface roughness starts to deform and creates a path for the heat flux to flow 
by conduction [20]. In atmospheric conditions, heat transfer across the contact interface consists of 
conduction through the air gap, radiation from the walls, and conduction at the contact point [21]. 
Hence, deformation due to applied pressure by the tool in the FSW process will affect heat loss 
through conduction to the backing plate. 

 

 
Fig. 1. FSW scheme and contact conduction between the workpiece and the backing plate 

 
Axial force and backing plate significantly influence the final weld properties [22]. The greater the 

axial force, the greater the contact conductance [21] due to the surface roughness peak deformation, 
thus creating a conduction path. Using backing plates with high thermal diffusivity, such as copper, 
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causes void defects due to excessive heat extraction [23]. The temperature in the stir zone must be 
maintained high enough. Thus, a backing plate with high thermal diffusivity can also be used in 
welding at a low traverse speed [18]. Those settings result in lower energy efficiency and productivity 
for certain power limits as a consequence [24]. On the other hand, Imam et al., [25] use a backing 
plate with low thermal diffusivity (asbestos) to produce defect-free welds on the butt and lap joints. 
However, low thermal diffusivity at high rotational tool speeds and low traverse speeds can cause 
flash defects [26]. 

Based on the literature review, no previous simulation study has considered deformation 
patterns to determine the distribution of convection coefficients at the interface between the 
workpiece and the backing plate. Therefore, this research aims to develop numerical simulations to 
determine the distribution of convection coefficients at the bottom of the workpiece on commercial 
pure aluminum (Al1100) and commercial pure copper (Cu) materials based on their deformation. To 
simulate thermomechanical phenomena in the FSW process, the computational fluid dynamics (CFD) 
approach was chosen because it has proven to be the most accurate of all simulation procedures in 
FSW modeling [27]. Validation was carried out on the temperature history between numerical 
simulations with six thermocouples in experimental results, and validation of the Al1100-Cu mixture 
traces from the front and top views was also performed. Hopefully, the FSW simulation's cooling rate 
due to conduction from the workpiece to the backing plate will resemble the actual phenomenon. 
Thus, it can be beneficial to control peak temperature [22], defect [25], hardness [28], and strength 
[29] of the joint. 
 
2. Experimental Procedure 

 
Two dissimilar plates of Al1100 and Cu with dimensions of 200×75×3 mm were joined with FSW 

unidirectional using a side of 200 mm. Six thermocouples were installed on the workpiece as 
temperature history recorders with a distance of 15 mm between each thermocouple and 15 mm 
from the meeting point between Al1100 and Cu. In Al-Cu welding, almost all researchers recommend 
placing Cu material on the retreating side [30]. Likewise, in this study, Al1100 was placed on the 
advancing side (AS) while Cu was on the retreating side (RS). 

Tools made of EMS 45 were used, with a radius of 10 and 2 mm for the shoulder (Rs) and pin (Rp), 
respectively, and 2.2 mm for the pin height (Hp). The tool constantly rotates and moves with a 
rotational speed (ω) of 2280 rpm and a welding speed (U) of 1 mm/s. Shankar et al., reveal that tool 
offset on harder materials shows a dominant effect [31]. Hence, the tool was shifted by 0.5 mm to 
the Cu side in this study. 

This research focused on determining the distribution of convection coefficients based on the 
workpiece’s deformation. Five mm thick asbestos was used as a backing plate to capture the formed 
bending line, as it is relatively soft but firm enough to hold the workpiece. Its schematic can be seen 
in Figure 2(a). A quadratic polynomial was used to approximate bending line measurements as in 
Figure 2(b) and as a distribution reference for the convection coefficient on the bottom of the 
workpiece. 
 

 
(a) (b) 

Fig. 2. Bending line in (a) scheme and (b) measurement result 
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3. Numerical Simulation Procedure 
3.1 Assumptions 
 

Thermal and material flow models were developed using ANSYS Fluent software, where heat and 
mass transfer equations were solved simultaneously. The volume of fluid method (VOF) was chosen 
to imitate dissimilar material behavior, which was based on the small diffusion coefficient between 
aluminum and copper and the short welding time. The workpiece material was considered a non-
Newtonian, incompressible, immiscible, and viscoplastic fluid. The viscosity (µ) model was 
approached based on the formulation of flow stress (𝜎𝑠) and effective strain rate (𝜀̇)̅, as in Eqs. (1-4) 
[32]. 

 

𝜎𝑠 =  
1

𝛼
ln {(

𝑍

𝐴
)

1/𝑛
+ [(

𝑍

𝐴
)

2/𝑛
+ 1]

1/2
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             (3) 

 

𝜇 =
𝜎𝑠

3ε̅̇
                (4) 

 
where Z is the Zener-Hollomon parameter, Q and R are temperature independent activation energy 
and gas constant, while α, A, and n are material constants. The velocity of plastic flow is denoted by 
u with i,j = 1, 2, and 3, representing X, Y, and Z directions. 
 
2.1 Boundary Conditions and Mesh 

 
In the experiment, the surface of the workpiece becomes curved due to tool pressure during 

welding. However, for simplicity and computational stability, the curved surface of the workpiece is 
assumed to be flat. Cartesian coordinates in 3D are used with the datum at the bottom of the 
workpiece parallel to the tool center point. Since the shoulder penetration depth influences material 
flow and heat generation [33], the shoulder penetration depth was also considered in the model, as 
shown in Figure 3. Following the experimental conditions, the shoulder penetration depth was set to 
0.3 mm. 

The asymmetrically shaped mesh tends to cause asymmetrical material flow distribution [33]. 
The mesh is modified to be symmetrical to eliminate this possibility, as shown in Figure 4. In CFD 
modeling, accuracy, reliability, and computation time are the main considerations [34]. To more 
accurately capture the calculated gradient without significantly increasing computation time, a 
smaller mesh was placed near the workpiece-tool interface, and a larger one was used far from the 
shear zone. 
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Fig. 3. Boundary conditions in the numerical simulation 

 

 
Fig. 4. Mesh in the numerical simulation 

 
At the workpiece-tool interface, heat input loads and radial velocity were applied. The heat input 

total as a result of friction and material deformation was calculated by Eq. (5), and the fraction of 
heat that flowed to the workpiece follows Eq. (6) [35]. 

 

𝑞(𝑟) = [(1 − 𝛿)𝜂
𝜎𝑦

√3
+ 𝛿𝜇𝑓𝑃𝑁] (

2𝜋𝜔

60
𝑟 − 𝑈 sin 𝜃)          (5) 

 

𝑞(𝑟)𝑤 =  
√𝑘𝑤𝜌𝑤𝐶𝑝𝑤

√𝑘𝑤𝜌𝑤𝐶𝑝𝑤 +√𝑘𝑇𝜌𝑇𝐶𝑝𝑇

 𝑞(𝑟)           (6) 

 
with 𝛿 representing slip rate, PN is axial downward pressure, µf is the friction coefficient on the 
workpiece-tool interfaces, 𝜎𝑦 is workpiece yield strength, and 𝜂 is the efficiency of plastic 

deformation work. Thermal conductivity is denoted as 𝑘, heat capacity as Cp, and density as 𝜌. 
Subscripts W and T represent the workpiece and tool, respectively. 

The velocity load for each component follows the equation Eq. (7) and Eq. (8) [35]. At the same 
time, the slip rate and dynamic friction coefficient model in this study are computed by Eq. (9) and 
Eq. (10) [36]. 
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𝑢𝑥 = (1 − 𝛿)
2𝜋𝜔

60
𝑟 cos 𝜃             (7) 

 

𝑢𝑦 = (1 − 𝛿)
2𝜋𝜔

60
𝑟 sin 𝜃 − 𝑈             (8) 

 

𝛿 = 1 − exp (−
1

𝛿0

𝜔

𝜔0

𝑟

𝑅𝑠
)             (9) 

 

𝜇𝑓 = 𝜇𝑓0 exp (−𝜆𝛿
2𝜋𝜔

60
𝑟)           (10) 

 
where 𝛿0 and 𝜆 are constants, and 𝜔0 is a constant to nondimensionalize rotational speed of the 
tool. The values of 𝛿0 and 𝜆 were taken as 0.4 and 1 s/m, respectively. 

In dissimilar welding, Eq. (6) becomes more complex because the volume fraction between 
Al1100 and Cu is decisive. A higher Al1100 fraction will result in a lower fraction of heat going to the 
workpiece and vice versa. The same thing also happens as the temperature of the workpiece 
increases. In simple terms, the fraction of heat going to the workpiece can be seen in Figure 5. 

 

 
Fig. 5. Heat fraction flowing to the workpiece based on 
VOF of Al1100 and temperature 

 
The heat that flows into the workpiece will be dissipated through convection, radiation, and 

conduction. The equation of convection and radiation on any surface of the workpiece that is in 
contact with air follows Eq. (11). However, conduction at the bottom of the workpiece due to 
intimate contact with the backing plate, is only applied by convection, which follows Eq. (12). 
 

𝑘
𝜕𝑇

𝜕𝑧
= 𝜎𝑟ε𝑟(T4 − 𝑇𝑎

4) + ℎ𝑡(𝑇 − 𝑇𝑎)          (11) 

 

𝑘
𝜕𝑇

𝜕𝑧
=  ℎ𝑏 × (𝑇 − 𝑇𝑎)            (12) 

 
where 𝜎𝑟 is the Stefan-Boltzmann constant, 𝜀𝑟  is the external emissivity, 𝑇𝑎 is the ambient 
temperature, and ℎ𝑡 and ℎ𝑏 are the convective heat transfer coefficient at the top and bottom 
surface of the workpiece. All physical properties used in this research are summarized in Table 1. 
Note that material properties dependent on temperature, including thermal conductivity, heat 
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capacity, and yield strength in Al1100 and Cu, are not presented as specific numerical values. Instead, 
these properties follow the given reference. 
 

Table 1 
The physical properties of all parts 
Material Al1100 Cu EMS 45 Units 

Density 2710 8940 7850 kg/m3 
Thermal conductivity [30] [31] 17.879 W/m-K 
Heat capacity [30] [31] 554.2 J/kg-K 
Yield strength [32] [31] - MPa 

Q 158.3e3 208e3 - kJ/mol 
n 5.66 7.946 - - 
A 5.17e10 1.95e12 - s-1 

𝛼 0.045e-6 0.012e-6 - MPa-1 
Boundary viscosity 1e6 1e6 - Pa·s 
𝜇𝑓0 0.4 0.32 - - 

𝜔0  50 40 - rpm 

ℎ𝑡 30 13 - W/m2K 

External emissivity 0.86 0.04 - - 

 

There are three variations in the convection coefficient distribution on the bottom of the 
workpiece, namely uniform (Eq. (13)), based on temperature (Eq. (14) [16]) as seen in Figure 6(a), 
and also based on the workpiece deformation (Eq. (15)), which can be seen in Figure 6(b). 

 
ℎ𝑏𝑢 = 120 𝑊/𝑚2𝐾            (13) 
 

ℎ𝑏𝑡 = ℎ𝑏0 × (𝑇 − 𝑇𝑎)0.25 ×
ℎ𝑏𝑢×𝐴𝑤

∑ ℎ𝑏𝑖
𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑐𝑒
𝑖=1

×𝐴𝑖

         (14) 

 

ℎ𝑏𝑑 = {
ℎ𝑏0(𝑃1𝑥2 + 𝑃2𝑥 + 𝑃3), 𝑟 ≤ 𝑅𝑠

94 𝑊/𝑚2𝐾                    , 𝑟 > 𝑅𝑠

          (15) 

 
where ℎ𝑏0 is an adjustment factor constant, i denotes the wall face number in Fluent, and 𝐴𝑤 is the 
total bottom area of the workpiece. 𝑃1, 𝑃2, and 𝑃3 are equal to 0.009863, 0.003015, and -1.037, 
respectively. The total value (ℎ𝑏 × 𝐴𝑤) of the three variations is kept the same (3.6 W/K). 
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(a)                                                                                                      (b) 

Fig. 6. Distribution of convection coefficient at the bottom of the workpiece (hb) for (a) temperature 
dependent and (b) deformation dependent 

 
It is important to note that using the trial-and-error method, all three approaches will show 

results close to the experiment. Therefore, it must be emphasized that the backing plate in this study 
employs asbestos, known as a heat insulator. So, the distribution of the convection coefficient, which 
produces the slightest difference between simulation and experiments with the minimum average, 
is the most reasonable approach. 

 
4. Results and Discussion 
 

The material was cut using ASTM E8 [37] standards with subsize sizes using an electrical discharge 
machining (EDM). The thickness in the joint area (below the tool) is 2.7 mm. The ultimate tensile 
strength (UTS) has a value of 54.1 MPa. The aforementioned local pressure of the tool causes 
deformation at the peak surface roughness of the workpiece-backing plate interface. Figure 7 shows 
that the surface condition becomes rougher, especially on the path the tool passes. This argument is 
corroborated by surface roughness measurements at several locations for Ra, Rz, and Rq, which are 
shown in Table 2. The intimate contact that occurs creates conduction heat flux that is concentrated 
at the bottom of the tool. 

 

 
Fig. 7. Arbitrary magnification at the joint bottom view 
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Table 2 
Surface roughness measurements based on the distance at the Al1100-Cu intersection 
From 

center 

Al1100 [𝜇𝑚] Cu [𝜇𝑚] 

Ra Rz Rq Ra Rz Rq 

3 mm 10.16 45.45 12.13 6.24 31.4 7.94 

6 mm 8.52 43.62 10.46 5.46 24.42 6.48 

9 mm 6.48 34.48 8.06 3.59 18.48 4.47 

Base 0.61 5.59 0.78 0.47 3.97 0.61 

 
4.1 Temperature History 

 
The comparison of the temperature history between the thermocouple in the experiment and 

the simulation results for the Al1100 part is shown in Figure 8, and the Cu part is shown in Figure 9. 
Figure 8(a-c) and Figure 9(a-c), respectively, are graphs for uniform distribution (hbu), temperature 
dependent (hbt), and deformation dependent (hbd) of the convection coefficient. The measurement 
point is adjusted to the placement of the thermocouple, as in Figure 3, and at the mid-thickness of 
the workpiece. In this research, steady-state modeling was carried out so that the time for the 
simulation readings was approximated by 𝑡 = 𝑈/𝑦𝑠. Where t is time, and Ys is the Y coordinate from 
minimum to maximum value. 

 

   
(a)                                                                 (b)                                                                 (c) 

Fig. 8. Temperature history of Al1100 for (a) hbu; (b) hbt and; (c) hbd 

 
As we can see in Figure 8(a-c) and Figure 9(a-c), hbu tends to produce predictions of temperatures 

that are much higher than experiments, likewise with hbt, although it is slightly closer. By carrying out 
a concentrated distribution based on the deformation pattern, the temperature prediction is very 
close to the experiment compared to the other two approaches. This is because hbu and hbt does not 
consider the workpiece's curvature due to tool pressure. So, the simulation result tends to 
overpredict the peak temperature. By considering the curvature of the workpiece, hb will be 
concentrated at the bottom of the tool. Hence, the heat lost to the backing plate through conduction 
will be higher, even with the same amount of hb×Aw. 
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(a)                                                                 (b)                                                                 (c) 

Fig. 9. Temperature history of Cu for (a) hbu; (b) hbt and; (c) hbd 

 
By combining the results from Al1100 and Cu on the deformation dependent approach because 

it is proven to produce the closest temperature predictions. The Al100 side (AS) has a higher peak 
temperature compared to the Cu side (RS). This situation applies to areas adjacent to the tool, such 
as at a distance of 15 mm from the tool axis, as shown in Figure 10(a). This is because the relative 
speed of the AS is higher than the RS, so the heat entering due to friction is higher. 

In the same picture (Figure 10(a)), the RS has a higher peak temperature at a longer distance (30 
and 45 mm) from the tool. This is because material properties have a more dominant effect as the 
distance to the tool/heat source increases. Material thermal properties, especially thermal 
conductivity, determine the temperature distribution of a welding process [38]. Because Cu's thermal 
conductivity is higher than Al1100's, heat tends to flow to the RS. This can be proven in the 
temperature contour plot, which can be seen in Figure 10(b). Thus, it can be concluded that the 
temperature asymmetry in dissimilar welding is a result of the relative speed of the tool between the 
AS and the RS and the differences in material properties of the two. 

 

    
(a) (b) 

Fig. 10. Temperature on the AS and the RS side on (a) history and (b) contour plot 

 
4.2 Material Flow 

 
The tool's forward and rotary movement causes the material at the front to be extruded towards 

the back of the tool within each rotation. Figure 11(a) shows that the movement of material starts at 
AS (point A), begins to move in a circle pattern, and is then stacked with the area above (point B), 

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 
 
  
  
  
  
 
 

                              

         

                        
                         
                        
                  
                  
                  

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 
 
  
  
  
  
 
 

                              

         

                        
                         
                        
                  
                  
                  

                        
                         
                        
                  
                  
                  

   

   

   

   

   

   

   

   

   

   

   

 
 
 
 
 
  
  
  
  
 
 

                              

         

                     

         

   

   

   

   

   

   

   

   

 
 
 
 
 
  
  
  
  
 
 

                       

                       

                       

                       

                       

                       



Journal of Advanced Research in Numerical Heat Transfer 

Volume 25, Issue 1 (2024) 37-52 

47 
 

and so on, until it reaches the RS section (point F). These results are in line with experimental research 
conducted by Jagadeesha [39]. By using markers scattered in several places, they concluded that the 
material in the AS rotated almost 360° before settling on the rear AS, as seen in Figure 11(b). 

 

                  
(a) (b) 

Fig. 11. Material flow for (a) simulation at Z = 2.5 mm and (b) result by Jagaadesha [39] 

 
If we display the streamline entirely in 3D, as in Figure 12 (a), there are streamlines form a 

complete circle due to the wall's no-slip condition, which represents the interface between the 
workpiece and the tool. This result is reinforced by experimental conditions where some of the 
material is stuck to the tool interface both on the shoulder and pin, as shown in Figure 13 (a). 
Streamline coloring based on velocity magnitude in Figure 12 (a) also indicates that the material is 
deformed more (faster) in the area close to the pin. 

The streamline plot coloring based on density in Figure 12 (b) shows that the tool tends to only 
push material from the AS towards the RS. Only a small portion of material mixing (stirred) of the 
material at the top near the shoulder. The same thing was also expressed by Colligan [40] and 
Krishnan [41], that not everything that is deformed by the pin undergoes “stirred” processing; there 
is very little material mixing of the material in the FSW process, and there were more amounts of 
“stirring” near the top. 

 

   
(a) (b) 

Fig. 12. Material flow in 3D for (a) colored by velocity magnitude and (b) colored by density 
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(a)                                                                b) 

Fig. 13. (a) workpiece material residue at the tool interface and (b) material flow in 
simulation at Y = 0 mm (XZ plane) colored by its density 

 
Figure 13 (b) shows that although non-threaded pins are used, the material will be extruded 

vertically up and down. When material is carried from the AS to the RS side, it causes the RS side to 
become denser, thus tending to extrude material from the leading edge (LE) downwards. On the 
other hand, the top of the RS side becomes less dense, so it tends to extrude material from LE 
upwards with the help of tool axial pressure. This trend is validated with the experimental and 
numerical simulation results at the front view (XZ plane) shown in Figure 14 (a) and Figure 14 (b). 

 

   
(a) (b) 

Fig. 14. Front view (XZ plane) results at Y = -40 mm for (a) experiment and (b) simulation which is colored by 
density 

 
The material flow is also validated with the experimental results on top view (XY plane) shown in 

Figure 15(a) and Figure 15(b) for each experiment and simulation result. Even though there are 
differences between experiment and simulation, especially at the top of the pin, the simulation 
results still represent material flow well enough. This difference could be due to differences in tool 
position between experiment and simulation. In the simulation, the tool position is fixed at 60 mm 
from the top end of the workpiece. Meanwhile, during the experiment, the tool moved slightly past 
the end of the workpiece. When the tool is at that position, the LE tool does not touch the workpiece, 
so the heat input is reduced. This leads to circular extrusion not occurring and only extrusion in the 
direction of the welding speed. The presence of a defect in the form of a void in the area behind the 
pin strengthens this reason. When the tool moves forward, there will be a cavity behind it. This cavity 
will be filled with hot material, which will be extruded from front to back. When the material is not 
hot enough, the material will still be very “viscous” (high flow stress), so it cannot fill the cavity. 

 

   

        

    



Journal of Advanced Research in Numerical Heat Transfer 

Volume 25, Issue 1 (2024) 37-52 

49 
 

      
(a)                                                                                    (b) 

Fig. 15. Top view (XY plane) results at Z = 2.5 mm for (a) experiment and (b) simulation which is 
colored by density 

 
5. Conclusion 
 

i) The workpiece yield strength and axial force from the tool affect the distribution of the 
convection coefficient at the workpiece-backing plate interface due to workpiece 
deformation. 

ii) Based on temperature history, the convection coefficient distribution based on workpiece 
deformation generally matches the experimental results, outperforming uniform and 
temperature dependent. 

iii) Higher peak temperature at the advancing side applies only near the heat source area 
because of tool relative velocity. However, material’s thermal conductivity takes on the 
dominant factor as distance increases. 

iv) With the help of tool axial pressure, the advancing side tends to extrude upward on the 
bottom surface of the workpiece, and the retreating side tends to extrude downward on 
the top surface of the workpiece with the help of tool axial pressure. 

v) A cavity will be formed at the trailing edge when the material is not hot enough because of 
low heat input. 

 
In this study, a simulation of the FSW process has been created using uniform, temperature, and 

deformation dependent to determine the distribution of convection coefficients at the bottom of the 
workpiece. Sufficient heat input is required to maintain the workpiece temperature enough to soften 
the material around the tool. Differences in material properties in dissimilar welding and heat input 
in AS and RS create a distinct temperature difference that will determine the weld quality. Low 
temperature leads to void defects due to insufficient flow in the stir zone. In contrast, excessive 
temperature tends to cause flash defects and reduces weld strength due to the overheating and 
material thinning effect. The convection coefficient distribution approach based on deformation can 
be considered feasible for a reference backing plate material design for future work. Thus, it will 
produce defect-free welds and have high weld strength efficiency. 
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