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Abstract 

Friction stir welding is a relatively new solid-state welding process which has several 

superiorities over generic welding methods. In this study, aluminum alloys (AA5083-O and 

AA6061-T6) are selected to investigate effects of three welding variables namely tool rotation 

speed, tool traverse speed, and tool diameter on temperature distribution, weld width, weld 

depth, and heat affected zone width using finite element method. The Johnson-Cook plasticity 

model is implemented into Abaqus software to simulate the material plastic deformation 

occurring during welding process. The results demonstrated that increasing rotational speed 

and tool diameter lead in an increase in material temperature. Increasing traverse speed 

resulted in lower temperature distribution. Temperature distribution, as well as the size and 

shape of welding areas, are also different due to different mechanical and thermal properties. 

The wider heat affected zone predicted for the AA6061-T6 can be explained by its higher 

thermal conductivity and lower specific heat.   
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1-Introduction 
 Aluminum alloys have been used in many industries, namely aerospace, shipbuilding, trains, 

automotive, and many other sectors due to their heat transfer properties, high strength to 

weight ratio, and high ductility. AA5083-O is known for its exceptional performance in 

aggressive (corrosion) environment. AA 5083 has high resistance to corrosion [1] and is used 

in marine applications [2]. It has a low density and good thermal conductivity shared by all 

aluminum alloys. Alloy 5083 also exhibits exceptional strength after welding [3]. AA6061-T6 

properties include its excellent structural strength, good toughness, good finishing 

characteristics, excellent anodizing properties, making it an adequate choice in several 

industries [4]. Joining aluminum alloys by traditional fusion welding methods such as gas 

tungsten arc welding (GTAW) or gas metal arc welding (GMAW) generally required high 

heat input for the formation of the fusion pool which is detrimental for the mechanical 

properties of the assemblies due to the formation of defects (porosity, lack of fusion, hot 

cracking), wide heat affected zone (HAZ), and heterogeneous residual stress. Recently, the 

joining methods of aluminum alloys have been increasingly developed [5, 6].  

Friction stir welding (FSW) is a solid-state joining method which necessitates lower 

heat input resulting in a reduction of volumetric defects typically found in the conventional 

liquid-state welding techniques [7, 8]. It is an energy efficient, environmentally friendly, and 

versatile joining process [7]. The solid-phase of the welding operation produces low 

distortion, good appearance welds which is also cost-effective to join most aluminum alloys 

[8]. 

 Many researchers have investigated the FSW process using experimental and numerical 

approaches. Raikoty et al. analyzed high-speed FSW of Aluminium 6061-T6 by a 3D 

numerical model. The temperature distributions in the welding parts were predicted in terms 

of traverse speed. The experimental results of surface temperatures were lower than the 

results of the computational scheme. The appropriate range of spindle translation velocity to 

obtain a sound weld was 125 mm/min and 250 mm/min [9].  

Jamshidi et al. investigated numerically and experimentally similar and dissimilar FSW 
of AA6061-T6 and AA5086-O materials. The experimental and numerical results indicated 

that the peak temperature during FSW of similar AA6061 joint was maximum in comparison 

with other joints at the same processing parameters. Characterization of mechanical properties 

and the evolution of microstructures showed different strengthening mechanisms in the 

materials. Results indicated the hardness variation in the similar AA5086-O joints was 

influenced by recrystallization and generation of fine grains in weld nugget. However, 

variations of hardness in the similar AA6061 joint and the dissimilar joint relied on 

subsequent aging phenomenon [10].  

Dubourg et al. conducted several feasibility tests to join 1.5mm Aluminium 7075-T6 

stringers to 2.3mm Aluminium 2024-T3 skins by FSW. The effects of travel speed and 

rotation speed on mechanical and metallurgical properties of materials were studied. 

Moreover, the optimal joint configuration was determined by changing the advancing and 

retreating side locations. Results showed an increasing travel speed and decreasing rotational 

speed had an influence on the reduction of the hooking size and top plate thinning but could 

not eliminate them. Double pass welds by overlapping the advancing sides were found to be 

the best joint configuration for FSW lap joints [11]. Kumbhar et al. aimed to comprehensively 

examine microstructural development in the FSW of AA5052. The researchers 

metallurgically investigated base material, nugget, advancing side, and retreating side in the 

welding region. Results indicated that microstructure development was clearly asymmetric 

with different microstructural indices at different regions. The nugget region, retreating side, 

and advancing side were found to be the strongest regions respectively. They suggested lower 



 
 

rotational speed resulted in higher tensile strength and elongation than higher rotational speed 

[12]. Ji et al. utilized a finite volume model to numerically simulate FSW to study effects of 

tool geometry on the plastic flow of material. The results of numerical simulation showed that 

the flow velocity of the material decreases with increasing the distance away from the 

weldment surface or the rotational axis of pin. The authors confirmed that shoulder and pin 

geometries could be influential in improving material flow during FSW and weld quality [13]. 

Optimum friction stir welding parameters were obtained by Sadeesh et al. to join dissimilar 

sheets of AA 5052-H32 and AA 5754-H22 using a statistical approach. The effects of 

rotational speed and traverse speed on microstructural, hardness, and tensile properties were 

studied using five different tool designs. The microstructural properties indicated that the 

material placed on the advancing side has a major influence on the nugget region. The low 

hardness zone was identified in the HAZ corresponding to the failure location during the 

tensile studies [14]. Kesharwani et al. optimized process parameters affecting ultimate 

strength and elongation of the dissimilar weld between AA5052-H32 and AA5754-H22 thin 

sheets in tailored friction stir butt welding by Taguchi grey method. The rotational tool speed, 

translational worktable speed, tool shoulder diameter, and tool pin geometry have been 

considered as input factors. The uniaxial tensile tests were conducted to determine mechanical 

performances of these joints. The analysis of variance results revealed that rotational tool 

plays a major role in the mechanical characteristics of the joints [15]. Cho et al. carried out 

several experiments for friction stir welding of A5083 and A6082 aluminum alloys by a 

concave shoulder and a threaded conical pin. The temperature profile near heat affected zone 

was measured by thermocouples and microstructural features of the samples were investigated 

by electron backscatter diffraction (EBSD). The temperature profile demonstrated similar 

peak temperatures in the A5083 and A6082 alloys [16]. Dialami et al. proposed a coupling 

strategy for the simulation of the temperature histories and consequently residual stresses in 

the FSW of 304 L stainless steel. At the local level the process zone nearby the pin tool was 

analyzed and at the global level the entire structure was simulated. The power heat input was 

computed in the local level analysis to be used as an input in the global level analysis. The 

viscous dissipation and friction were considered in the computation of the total heat power. 

The authors concluded that the proposed method could be used to more accurately calculate 

residual stresses [17]. 

Iordache et al. simulated FSW using coupled Eulerian-Lagrangian formulation by 

Abaqus/Explicit software. Temperatures at 6 points across of a butt joint between two plates 

were measured by thermocouples during FSW process and compared with numerical results. 

Numerical results corresponded to experimental results very well confirming that the 

numerical model was validated [18]. Paulo et al. developed a numerical model including a 

softening model which aimed at prediction of temperature and hardness distribution in the 

AA2024-T3 plates. The proposed model was validated using experimental data obtained by 

hardness measurement of the plate cross-section. The authors claimed that the proposed 

model offered acceptable results for prediction of softening in HAZ area [19]. Moosun and 

Jung simulated FSW of magnesium alloy AZ31 by Fluent software. In the numerical analysis, 

the magnesium alloy was innovatively considered as a non-Newtonian viscous fluid. The 

rotational speed, feed speed of the base material, and shape of the tool were regarded as 

process parameters to investigate temperature history. Experimental measurements showed 

that temperature profiles agreed well with simulation results [20]. Chen et al. investigated 

effects of pin threads on material flow during FSW of an Al-Mg-Zn alloy by computational 

fluid dynamics (CFD). The numerical simulation was validated by experimental measurement 

of temperature at 8 different points. The results indicated that the pin thread contributed into 

enhanced strain rate, trap material in the high-velocity zone, and a vertical pressure gradient 



 
 

[21]. Costa et al. conducted a parametric study on distortion and residual stresses in FSW of 

AA5754-H22 aluminum plates by FEM. It was also seen by experimental investigation that 

dimensional features of the plates mainly plate width affects both the distortion magnitude 

and mode, as well as the longitudinal residual stresses. Results indicated that although 

welding speed had an important impact on distortion, tool stirring action had no effect on it 

[22].  

The FSW of dissimilar materials is a challenging process which results in different 

mechanical and metallurgical properties in the joining materials. Though large amount of 

research have been conducted on numerical simulation of FSW to study effects of process 

parameters on mechanical properties, metallurgical properties, and defects of dissimilar 

welds, there is little in the literature about dimensional characterization of the dissimilar joint 

using finite element method (FEM). The dimensional characterization of different welding 

areas is conducted in the present research using predicted temperature distribution and 

element size. Moreover, it can be costly and time-consuming to study FSW  process 

experimentally, while the experimental investigations may be inaccurate due to the difficulty 

of reproducing the production conditions [23]. The FEM offers the opportunity to inspect 

different aspects of the manufacturing process without the use of a real-scale physical 

prototype [24]. Therefore, in this study, a FE model is developed to analyze the FSW of 

AA6061-T6 and AA5083-O alloys. The Arbitrary Lagrangian-Eulerian (ALE) description is 

utilized to maintain mesh distortion under control and the mass scaling method is used to 

reduce computation time. The purpose of the paper is to examine the effects of processing 

parameters and tool diameter on the temperature distribution and the size and shape of 

different welding areas using FE modeling of friction stir welding for two aluminum types.  

 

2- Development of FE model 
A 3D transient explicit FE method is used to simulate the coupled and highly-nonlinear 

thermomechanical phenomena occurring during friction stir welding. The thermomechanical 

simulation is a significant method to determine the size and shape of different welding areas. 

Fig. 1a demonstrates the localized zone of welding in the geometrical model using dashed 

line. Fig. 1b depicts welding speed of tool is defined by inflow and outflow material velocities 

over the Eulerian domain boundaries [25].  

 
Fig. 1 (a) Dissimilar welding of AA6061-T6 and AA5083-O using butt joint 

configuration; (b) Applying welding speed  by inflow and outflow velocities [25] 

 

Simulation of FSW process is modeled using a rectangular plate (80 × 60 × 6 mm), the 

material properties are defined to 5 mm part thickness. A one-millimeter remained thickness 

is modeled so that the flow of material that occurs during welding at the top of the work piece 

is visible. In the FE model, AA6061-T6 and AA5083-O parts are meshed using coupled 

temperature-displacement elements to conduct thermal/mechanical analysis which is a 

nonlinear simultaneous solution of temperature and displacement for thermomechanical 



 
 

problems. The temperature dependent mechanical and physical properties of base materials 

are obtained from the literature [26, 27]. Table 1 and 2 show temperature-dependent 

properties of AA5083-O and AA6061-T6, accordingly. The accuracy of temperature 

distribution and stress field predictions by FE model is affected by the proper definition of 

material properties. The thermal properties of AA5083-O and AA6061-T6 are illustrated in 

Fig 2 and Fig 3 respectively are obtained from the literature [28, 29]. Finally, the harder alloy 

(AA6061-T6) is located at the retreating side, while the softer alloy (AA5083-O) is positioned 

in the advancing side. 

 
Table 1 Temperature-dependent properties for Al 5083-O [26] 

Temperature (°C) 25 100 150 200 250 300 400 500 

Yield strength (MPa) 176 176 176 176 176 176 176 176 

Young’s modulus (GPa) 72 70 67 62 42 41 28 15 

Thermal exp.(μ m/m K) 24.2 24.2 24.2 24.2 24.2 24.2 24.2 24.2 

Density (kg/m3) 2659 2638 2632 2625 2617 2609 2584 2561 

 
Table 2 Temperature-dependent properties for Al 6061-T6 [27] 

Temperature (°C) 25 37.8 93.3 148.9 204.4 260 315.6 371.1 426.7 

Yield strength (MPa) 276 274.4 264.6 248.2 218.6 159.7 66.2 34.5 17.9 

Young’s modulus (GPa) 68.9  68.54 66.19 63.09 59.16 53.99 47.48 40.34 31.72 

Thermal exp.(μ m/m K) 22  23.45 24.61 25.67 26.6 27.56 28.53 29.57 30.71 

Density (kg/m3) 2,700  2,685 2,685 2,667 2,657 2,657 2,630 2,620 2,602 

 

 

Fig 2. Thermal properties of Aluminum Alloy 5083-O 

 



 
 

 

Fig 3. Thermal properties of Aluminum Alloy 6061-T6 

Johnson-Cook plasticity model described by Equation (1) is used to predict the material’s 

plastic behavior [30, 31]. This description is widely used to implement the strain-stress 

behavior in the plastic range and consider the separated effects of strain hardening, strain-rate, 

and thermal softening [32]. The Johnson-Cook constants of Al-6061-T6 and Al 5083-O are 

reported in Table 3.  

Table 3 The Johnson-Cook input constants [26] 

 meltT 

[k] 

 roomT 

[k] 

m n C B 

[MPa] 

A 

[MPa] 

Material 

856 297 1.34 0.42 0.002 114 324 Al-6061-T6 

913 297 1.225 0.42 0.0335 425 170 Al-5083-O 
 

   mp

y TcBA
n ** 1ln1                                                                                 (1) 

where A, B, C, n, and m are user defined input constants,
p is the effective plastic strain, and: 

0
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







p

                                                                                                                                    (2) 

is the effective plastic strain rate for 0 = 1 s-1, and: 

roommelt

room

TT

TT
T




*                                                                                                                         (3) 

T is the temperature, Troom is the room temperature, and Tmelt is the melting point of the 

material).  

The part is meshed by 93025 nodes and 86400 Eulerian elements (Ec 3D 8RT). The tool is 

meshed by 2412 nodes and 2416 R3D4 square elements and also modeled as discrete rigid 

due to the higher strength of the tool compared to aluminum. Figure 3 presents the FSW tool 

dimensions and the 3D model of the tool where the smaller diameter of the pin is considered 



 
 

as the tool diameter in the analysis. The friction coefficient is set at 0.8 and Coulomb's friction 

model is used [25]. In the present model, the lower and lateral surfaces of the workpiece are 

positioned in the direction perpendicular to the surfaces. The tool moves vertically at the step 

of tilting the workpiece and rotationally around its axis. The isothermal tool is considered and 

its degree of thermal freedom is bound. For the workpiece, the initial temperature is 

considered 20 (◦C) while its temperature evolution during welding is investigated. The 

sensitivity of the FE model is evaluated by the convergence test for sizing mesh to explore the 

sensitivity of the model predictions towards the size of elements 

 

 

 

 

 

 

 

  

 

 

 
 

   (a)                                                           (b) 
Fig 3. (a) FSW tool geometrical dimensions (b) 3D representation of the tool 

 (3 mm diameter of the pin is considered as the tool diameter) 

 

2-1 Computational Efficiency 
Due to drawbacks of the both Lagrangian and Eulerian approaches, a technique is developed 

to cope with difficulties of the numerical simulation of engineering problems which is known 

as the Arbitrary Lagrangian-Eulerian (ALE) description [30]. ALE mesh technique is adopted 

to avoid mesh distortion during the analysis by automatic re-meshing and freedom of the 

mesh to move independently of the material. The ALE technique amends the accuracy of 

results, nonetheless generally increases the computation time. In the current analysis, the mass 

scaling method is used to reduce the computation time because the variation of the material 

density does not change the generated heat from friction and plastic deformation. To assess 

the efficiency of mass-scaling method, the ratio of the kinematic energy and the internal 

energy must be less than 10% to reveal that the simulation is still a quasi-static problem [26]. 

The ratio of kinematic energy and the internal energy is plotted in Fig 4 which confirms that 

the FSW process is quasi-static.  



 
 

 
Fig 4. The kinetic energy/internal energy ratio of the system 

 

2-2 Verification of the FE model 

The FE model is verified by comparing the predicted maximum temperature at 10 mm from 

the center of the weldline at both sides with the experimental data obtained from the reference 

article at the same condition [25]. Results summarized in Table 4 show that there is a suitable 

agreement between experimental data and simulation results (i.e., less than 14% of error). 

Therefore the FE is validated to study effects of process parameters.  

 

Table 4 Comparison between experimental and FE model results in the  maximum temperatures at 10 

mm from the centerline of the weld 

Input parameters Type of results Maximum temperature (°C) 

Rotational 

speed(rpm) 

Traverse  

Speed(mm/s) 

Tool 

diameter 

Advancing side 

AA5083-O 

Retreating side 

AA6061-T6 

 

 

900 

 

 

2.5 

 

 

3 

Experimental   646 621 

FE model  729 707 

Error  -12.8% -13.8% 

 

3- Simulation Set-up 
Three parameters of tool rotational speed, tool traverse speed, and tool diameter are 

considered as input parameters while weld width, weld depth, and HAZ width as output 

parameters. In the present research the weld nugget or dynamically recrystallized zone (DXZ) 

and the thermomechanically affected zone (TMAZ), are considered as weld width. The effect 

of each input parameter is investigated by keeping two input parameters constant and varying 

the third one while the output parameters are recorded and presented in Table 5 in term of 

weld width, weld depth, and HAZ width for each side of the joints (i.e., for each material). 

Test 1 is the reference conditions to better understand the impact of each input parameters. 

The rotational speed, the traverse speed, and the diameter of the tool are changed during the 

experiments 1-4, 5-7, and 8-10, respectively. 

 

 



 
 

Table 5 Levels of input parameters and output responses in the experiments 
 Input Parameters Output responses 

No 

Rotation 

speed 

[rpm] 

Traverse 

speed 

[mm/s] 

Tool 

diameter 

[mm] 

Weld Width (mm) Weld Depth (mm) HAZ Width 

WW 

6061-T6 

WW 

5083-O 

H 

6061-T6 

H 

5083-O 

HW 

6061-T6 

HW 

5083-O 

1 940 2.5 3.5 10 9.333 6 6 12 10 

2 740 2.5 3.5 8 9.2 6 2 10 9.667 

3 1040 2.5 3.5 10 9.333 6 6 11.466 10 

4 1140 2.5 3.5 8.7 7.333 6 6 10.666 9.466 

5 940 1.5 3.5 10 8 5 1.75 10.8 9.466 

6 940 3.5 3.5 8.6667 8.666 5.75 2.25 10.133 9.466 

7 940 4.5 3.5 9.3333 8.666 6 6 10.2 9.866 

8 940 2.5 2 8 7.466 6 3.25 9.933 9.466 

9 940 2.5 2.5 8.1333 8 6 6 12   9.533 

10 940 2.5 3 9.333 9.466 6 6 12.666 10 

 

4-Results and discussion 
The effects of the three main input parameters of the rotational speed, traverse speed, and tool 

diameter on the weld width, weld depth, and HAZ in both sides are analyzed. The frictional 

heating and plastic deformation are the main reasons for generation of heat during FSW 

process. The generated heat disperses in the parts by conduction, while free convection and 

radiation dissipate some parts of the generated heat to surroundings [21]. The heat generation 

is strongly influenced by the motion of the welding tool which includes rotational and 

transverse speeds [33]. The dimensions of the weld width, weld depth, and HAZ are measured 

based on the size of the elements.  

 

4-1 Effects of rotational speed  
Figure 5 shows simulated temperature distributions across the welding zone at different 

rotational speeds indicating that an increase in the rotational speed produces, as expected, an 

increase in temperature within the material. As a matter of fact, this increase in temperature 

distribution at higher rotational speed can be explained by increasing strain rates and thus 

plastic deformations. Figure 5(D) illustrates the maximum operating temperature of 1037 K 

obtained at the maximum rotational speed of 1140 rpm which is the undesirable condition for 

solid-state FSW process. Figure 6 presents the evolution of weld width according to the 

rotational speed for the two aluminum alloys. At the rotating speed of 740 rpm, the weld 

width of AA5083-O is larger, whereas it becomes narrower than the AA6061-T6 weld joint 

when rotating speeds are increased. Figure 7 shows effects of rotational speed on the weld 

depth at different rotational speeds where full penetration is seen for both aluminum alloys at 

all rotational speed except for AA5083-O at a speed of 740 rpm probably due to low heat 

input in this case. Figure 8 shows the effects of rotational speed on HAZ width for the two 

aluminum alloys where the zones affected by heat of the AA6061-T6 seem to be always 

larger than that obtained for AA5083-O.  

 



 
 

 
(A) 

 
(B) 

 



 
 

 
(C) 

 
(D) 

 
Fig 5 Effects of rotational speed on the weld width, weld depth, and HAZ width for rotation speeds of A) 

940 rpm, B) 740 rpm, C) 1040 rpm, and D) 1140 rpm 

 



 
 

 

Fig. 6 - Effects of rotational speed on the weld width for the two aluminum alloys. 

 

 

Fig 7. Effects of rotational speed on the weld depth for the two aluminum alloys. 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 - Effects of rotational speed on the HAZ width for the two aluminum alloys. 

 
 

4-2 Effects of traverse speed 
Figure 9 illustrates the temperature fields across the welding zone for different traverse speeds 

revealing that an increase in the traverse speed produces a decrease in temperature within the 

material. In fact, increasing the traverse speed leads to lower strain rates and friction 

decreasing directly the heat input into the weld joint. Figure 9(A) indicates the maximum 

operating temperature of 909 K obtained at the minium traverse speed of 1.5 mm/s which is 

the slowest value used in this study. Figure 10 presents the evolution of weld width according 

to the traverse speed for the two aluminum alloys where an increase in traverse speed 

produces a decrease in weld width for AA6061-T6. The simulation results also confirmed that 

the weld widths obtained with AA6061-T6 are generally larger than those obtained with 

AA5083-O irrespectively to the traverse speeds. Figure 11 illustrates the effects of traverse 

speed on the weld depth for the two aluminum alloys. Figure 12 indicates the effects of 

traverse speed on HAZ width for the two aluminum alloys where the zones affected by heat of 

the AA6061-T6 seem to be larger than that obtained for AA5083-O for all traverse speeds as 

a result of higher thermal conductivity of the AA6061-T6 and higher specific heat of the 

AA5083-O. 
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(D) 

Fig 9. Effects of traverse speed on the weld width, HAZ width, and weld depth for traverse speeds of A) 

1.5 mm/s, B) 2.5 mm/s, C) 3.5 mm/s, and D) 4.5 mm/s 



 
 

              

   
Fig. 10 Effects of traverse speed on the weld width for the two aluminum alloys. 

 

 
Fig. 11 - Effects of traverse speed on the weld depth for the two aluminum alloys. 
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Fig. 12 - Effects of traverse speed on the HAZ width for the two aluminum alloys. 

 

4-3 Effects of tool diameter  
Figure 13 shows the simulated temperature distributions across the welding zone for different 

tool diameters demonstrating that an increase of the tool diameter by 3 mm produces a 

decrease in temperature within the material. Figure 13(C) depicts the maximum operating 

temperature of 904 K at the tool diameter of 3 mm. Figure 14 presents the evolution of weld 

width according to the tool diameter for the two aluminum alloys where an increase in tool 

diameter produces an increase in weld width for both alloys. Figure 15 presents the effects of 

tool diameter on the weld depth where full penetration is seen in all conditions except 

AA5083-O joined using a tool diameter of 2 mm. Figure 16 displays effects of tool diameter 

on HAZ width for the two aluminum alloys where the zones affected by heat are more 

pronounced for AA6061-T6 which can be related to higher thermal conductivity and lower 

specific heat. 
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Fig 13. Effects of tool diameter on the weld width, HAZ width, and weld depth for tool diameters of A) 2 

mm, B) 2.5 mm, C) 3 mm, and D) 3.5 mm 

 

 
Fig. 14 - Effects of tool diameter on the weld width for the two aluminum alloys. 

 
Fig. 15 - Effects of tool diameter on the weld depth for the two aluminum alloys. 
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Fig. 16 - Effects of tool diameter on the HAZ width for the two aluminum alloys. 

 

 

5- Conclusions 
In the current study friction stir welding of two aluminum alloys (AA 5083-0 and AA 6061-

T6) are investigated using numerical analysis. The following conclusions are listed: 

• The welding process parameters have direct effects on temperature distribution in 

the materials and maximum operating temperature of about 900 K in almost all 

cases are lower than the minimum melting temperature of the aluminum alloys.  

• Temperature of the base materials is increased when the rotational speed and 

traverse speed are increased and decreased, respectively.  

• As the rotational speed of the tool increases, the weld widths are reduced. Full 

penetration is seen for both aluminum alloys at all rotational speeds except for 

AA5083-O at a speed of 740 rpm. 

• Increasing traverse speed slightly changes the weld width and HAZ width of the 

AA5083-O. 

• Increasing the diameter of the tool generally results in a larger contact area 

increasing the weld width in both alloys. However, the HAZ width for AA5083-O is 

sensitive to the tool diameter. 

• The HAZ width for AA6061-T6 is larger than that of AA5083-O for almost all 

welding conditions due to the intrinsic properties of AA6061-T6 (higher thermal 

conductivity and lower specific heat). 
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