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ABSTRACT 
The aim of this study was to predict the temperatures on all surfaces of three-

dimensional models using the ANSYS 15.0 program. Firstly, the temperatures from 

the welding centre to the edges of the models of two aluminium alloys (AA-7075 & 

AA-2024) welded by friction stir welding process were perceived. Secondly, the 

distribution of temperatures from the start of the welding process to its end and the 

derivation of equations to predict the distribution of temperatures with the time 

spent in the welding process, along with the distribution of temperatures with the 

distance from the centre of the welding process were observed at different travel 

speeds of the welding cart (TS = 20, 40, 60, 100 mm/sec) and different speeds of the 

welding tool (TRS=900, 1050, 1200 rpm). The results indicate that the temperature 

increases with the increase in the rotational speed of the welding tool, while the 

temperature decreases with the increase in the travel speed of the welding cart. 

Another result is that the temperature distribution is not symmetrical. The highest 

values are in the welding centre and decrease significantly as the welding centre is 

moved away, and the highest temperatures can be reached between (75 – 80%) in 

the welding centre from the melting point of the two aluminium alloys welded 

together. It was also found that the temperatures increase significantly twenty 

seconds  after the beginning of the welding process and, afterwards,  the increase is 

small, and three equations were derived to predict the temperature distribution. 

 

KEYWORDS: rotational speed, travel speed, aluminium alloys, friction stir 

welding, finite element analysis. 

 

1. INTRODUCTION 
 

Several practical and theoretical studies have been 

conducted for the process of friction stir welding, first 

for aluminum alloys, and then for welding different 

metals such as steel, copper, etc., as well as for 

welding polymers, because welding in this way has 

amazing mechanical specifications in industry and 

technology and in connecting metals to each other [1] 

- [4]. In many studies, the effect of variable factors 

such as the welding tool, the linear speed of the 

welding tool and the linear speed of the trolley 

carrying the model was studied. Sheets of different 

metals and alloys were used and different 

measurements were taken and used in the field of 

aviation and ships in different atmospheres and under 

different temperatures [5] - [10]. This process 

inherently produces a weld with lower stress and 

distortion compared to fusion welding methods, since 

there are no melting substances occur during welding 

[11]. This process has been widely used in many 

industries such as aerospace, aircraft, marine and 

transportation and food processing. This is because it 

produces low metal deformation, high quality, low 

residual stresses, fewer welding defects and low-cost 

joints, which are the main advantages of this method 

[12]. Finite element methods are also used to study 

the effect of FSW process parameters on the 

mechanical properties of different welded alloys 

based on solids mechanics [13] or mathematical 

model development [14]. Thus, a lot of research has 

been done to study the simulation of temperature 

distribution during friction stir welding processes. 

This was recognized in the current study based on the 

ANSYS software, and the results obtained from the 

simulation were compared with those of the actual 

experiment [15]. Finite element analysis is an 

effective method of welding investigation, because 

immediate results can be obtained. There is a group of 

researches that dealt with the study of the friction stir 

welding process. 

 Models were designed to study the temperature 
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distribution when friction stir welding two 

asymmetric aluminum alloys (AA2024- AA7075). 

The results of the study showed that increasing the 

speed of the welding tool leads to an increase in 

temperatures, but the results showed the opposite, as 

the temperatures decrease with the increase in the 

travel speed of the strip, and the results also showed a 

rise in the viscosity of the agitating area when the 

travel speed of the cart increased [16]. The 

researchers studied the effect of temperature 

distribution and heat input during friction stir 

welding. The temperatures were recorded from 

different positions in the direction of the thickness of 

the sample and perpendicular to the direction of 

movement of the pin tool during welding, under 

different welding conditions. It was found that the 

highest temperature in the welding line is less than 

0.8Tm for these conditions. The temperature used in 

this work does not change significantly in the 

direction of the thickness of the sample. The 

temperature distribution perpendicular to the weld is 

approximately isothermal under the shoulder of the 

pin tool. The increase in welding pressure and the 

speed of rotation of the pin tool increase the 

maximum welding temperature. Moreover, the 

shoulder of the pin tool plays a very important role in 

the welding process [17]. Mathematical models have 

been made to develop the equations for thermal 

conductivity, density, and specific heat and their 

relationship with the maximum temperature generated 

by friction when performing the friction stir welding 

process, and the theoretical results are in an 

acceptable agreement with the practical results [18]. 

Models were designed and tested to study the heat 

flux resulting from friction during friction stir 

welding, and the results showed that (95%) of the heat 

is transmitted to the model and the rest (5%) leaks 

into the welding tool [19]. The quality of welding was 

studied during friction stir welding, where welding 

was carried out using nine models, and three different 

rotational speeds were used for the welding tool, plus 

three different travel speeds for the trolley carrying 

the models [20]. The behavior of friction stir welding 

for aluminum alloy (AA6061-T6) was studied using 

four rotational speeds of a welding pen. Heat output 

was measured with built-in thermocouples in study 

areas with limited welding implemented element 

model using ANSYS 12.1 package graphics, further 

results are shown. Measurements of the maximum 

temperature in this case is 0.71 of the temperature of 

the liquefied sample, at the maximum rotational speed 

of 1450 rpm [21].  

 The researchers studied a two-dimensional 

model on an aluminum alloy on the basis of finite 

element analysis. The model mechanically integrates 

the interaction of the tool and the thermomechanical 

process of the welded material. The calculation result 

also shows that the workpiece preheats before the 

FSW process. Welding parameters such as preheating 

(100, 200), rotating speed (960, 1200 rpm) and travel 

speed (110, 155, 195 mm/min), was found to be 

beneficial to increasing the working temperature in 

front of the pin tool, making the material easy to 

weld. There is no need to use high values for 

revolution speed or travel speed with preheating 

process [22]. The researchers developed digital 

solutions using the Finite Element Method (FEM) 

based on the ANSYS program for W-AA2024 

aluminum alloy. These solutions have been developed 

based on the relationship between the properties of 

thermal conductivity, specific heat, and density, as 

these properties change with the shift of degrees of 

heat. The obtained simulations were practically 

verified and the comparative results were in 

agreement [23].  

 Methods for improving the mechanical 

properties of samples that are welded by friction stir 

at different rotational speeds of the welding tool and 

at a constant travel speed were studied in order to 

transform the heterogeneous microstructure into a 

more homogeneous microstructure, where the best 

results were obtained when using the travel speed of 

60 mm/min and the rotational speed of 130 rpm, 

which reached welding efficiency of 84.61% [24]. 

The heat transfer was studied in an aluminum plate 

(AA-6061) welded by friction stir, where a theoretical 

and practical study was conducted, and three types of 

welding tools were used (triangular, cylindrical and 

conical). The results showed that the highest 

temperature distribution was achieved when using the 

conical welding tool and the reason for this is 

determined by the high torque and axial load, and the 

theoretical results are in agreement with the 

experimental results [25].  

 A mathematical model was done by finite 

element method in order to study the heat lane during 

the friction stir welding process by understanding the 

physical phenomena, using aluminum sheets (T53-

7020) and using four different travel speeds for the 

welding tool. The results showed that the 

temperatures on the advanced side are higher than 

those on the retreating side and the practical results 

were in agreement with the theoretical results, where 

the highest welding temperature reached 70% of the 

melting temperature of the original metal Also, the 

authors studied the influence of friction stir welding 

coefficients on temperature distribution and tensile 

strength of aluminum alloy (6061-T6) [26].  

 Four different rotations of the welding tool and a 

constant travel speed of the trolley carrying the model 

are used. Consequential mechanical tests showed that 

using a speed of 500 rpm and 14 mm/min gives the 

best strength [27]. The researchers prepared an alloy 

AA6061–T3 AA2024 exposed to steel balls with a 

diameter of 25.1 mm for a period of 15 minutes at a 

welding speed of 56, 40, 28 mm/min with the 

rotational speed fixed at 1400 rpm. The welding speed 

of 40 mm/min and the same rotational speed of 1400 

rpm were selected in the process of welding the plates 

that were extruded to show the effect of the extrusion 
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process on mechanical properties. There was a 

decrease in the mechanical properties when increasing 

the travel speed and a better result appeared at a travel 

speed of 28min/mm when the process of throwing 

steel balls before the welding process contributed to 

improving the mechanical properties to a certain 

degree. An approach to the results of the base metal 

shows that there was an improvement in the 

mechanical properties when increasing the rotational 

speed [28]. Welded models were tested using the 

aluminum alloy (AA-7008) and the friction stir 

welding method, at different rotational speeds of the 

welding tool. It was found that the rotational speed of 

the welding tool has a key role in increasing the 

generated temperatures and the amount of heat 

transferred during the welding process [29], [30].  

 In the paper, the authors focus on the study of 

the temperature distribution in two aluminum alloys 

(2024 - T3 and 7075 - T6) joined by friction stir 

welding, by changing the rotational speed of the 

welding tool, the travel speed of the process, and also 

by building a mathematical model to predict 

temperatures on all points of the two welded surfaces.  

 

2. MATERIALS USED  
 

Two types of aluminum alloys were used to join them 

by using friction stir welding process (AA7075–T6 & 

AA2024–O). These dissimilar alloys are difficult to 

join by traditional methods. Table 1 shows the 

chemical composition of the alloys approved by the 

European Aluminum Association (EAA), while table 

2 shows the mechanical specifications of the alloys 

used in this study, according to the American 

specifications (ASTME 3-01) [31]. Table 3 shows the 

thermal properties of the aluminum alloys. 

 

Table 1. The chemical composition of aluminum 

alloys [32] 

 

 
 

Table 2. Mechanical properties of aluminum alloys 

[33] 

 

 
 

Table 3. Thermal properties of aluminum alloy [33] 

 

 
 

3. NUMERICAL MODELING 
 

Two aluminum alloys plates were used for the study, 

having the dimension of 100×100×5mm. The ANSYS 

15.0 program was used to analyze the temperature 

distribution on the surfaces of the two plates joined by 

friction stir welding process, using finite element 

method. In the model, the thermo-physical parameters 

were introduced, and the geometrical model was 

achieved, as shown in figure 1. 

  

           

 
Fig. 1. Isometric view of the geometrical model 

 

 Figure 2 depicts the steps in working with the 

software used in this study. The program is firstly 

opened and thermal analysis is selected. After, the 

geometrical model is designed for the plate of the first 

alloy, the plate of the second alloy, and finally the 

third material in between them, that is considered the 

weld. After creating the connection between the 

models, the thermo-physical and mechanical 

proprieties are introduced, for each alloy, as well as 

for the weld, whose specifications are a combination 
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of the specifications of the two alloys. After, the 

geometrical model is divided into infinitesimal pieces, 

in accordance with the analysis of the finite element 

method.  

 After this step, the loads must be introduced 

defined, and finally, the selection of a solution is 

made, in order to solve the program and arrive at the 

desired results. 

 

 
 

Fig. 2. Steps for implementing the mathematical 

model in ANSYS 15.0. 

 

 Table 4 shows the values of the variables that 

were used as boundary conditions, changing the tool's 

rotational speed for each value of the travel speed 

(TS). While the values of the variables used as a 

boundary condition are shown in table 3, the travel 

speed of the work piece (TS) changes as a function of 

the tool's rotational speed (TRS).  

 

Table 4. Boundary conditions and different rotational 

speed (TRS) 

 

 

Table 5. Boundary condition and different travel 

speed (TS) 

 

 
 

4. AREAS WHERE THE MODELS WERE 

    COMPARED 

 

In order to compare the models and the temperature 

distribution on the surfaces of the two alloys, joined 

by friction stir welding process, from the center of the 

welding area and the advanced side of the welding of 

the alloy (AA-7075-T6), to the regressive side of the 

aluminum alloy (AA-2024-O) on the upper surface, 

the areas in which the results of the tests were 

determined in the ANSYS 15.0 program are shown in 

figure 3. 

 Figure 3 depicts the designated areas from the 

start of welding to the end, in order to understand the 

link between temperature and time. It also depicts the 

designated areas from the welding center to the alloy 

margins, analyzed in order to understand the 

relationship between temperatures and distance. 

 

 
 

Fig. 3. The selected areas for the temperature 

distribution prediction after the welding process 

 

5. RESULTS AND DISCUSSION 

 

5.1. Effect of Tool Rotational Speed 

 

In order to investigate the outcomes on the upper 

horizontal surface of welded alloys (AA7075-T6 and 

AA2024-O), in case of different tool rotational speeds 

(TRS = 900, 1050, 1200 rpm), the rotational speeds 

were adjusted while the travel speeds were left 

constant. Figure 4 demonstrates that when the tool's 

rotational speed at constant travel speed increase, the 

temperatures from the welding center to the two ends 
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of the model do as well. The greatest values were 

recorded when the tool's rotational speed was 

TRS=1200 rpm. 

 

 
 

Fig. 4. Temperature vs. distance along the weld line 

on the top surface:  

a) TS=20mm/min; b) TS=40 mm/min;  

c) TS=60 mm/min; d) TS= 100mm/min 

 

 In figure 5 are presented the reached 

temperature achieved at different travel speeds with 

various rotational speeds of the welding equipment, 

and the findings reveal that the third model, had the 

maximum temperature with the travel speed of 20 

mm/min and rotational speed of 1200 rpm. This is 

caused by two factors: first, the increased rotational 

speed and, second, the lengthened welding process. 

 

 
 

Fig. 5. Temperature vs. distance on the upper 

horizontal surface for welded alloys for 

 TS = 20, 40, 60, 100 mm/min 

 

 The distribution of temperatures over the entire 

welded specimen is shown in figure 6, reached using 

a constant travel speed of TS = 20 mm/min and 

different rotational speeds.  

From the figure 6 it can be observed that the 

third model's surface, had the highest temperatures for 

TS = 20 mm/min and TRS = 1200rpm (Fig. 6c). 

 

 
 

a) 

 

 
 

b) 

 

 
 

c) 

 

Fig. 6. The temperature distribution on the surface of 

the model for: a) TRS=900 rpm; b) TRS=1050 rpm; 

c) TRS=1200 rpm and TS =20 mm/min 

. 
The distribution of temperatures over the entire 

welded specimen is shown in figure 7, with a constant 

travel speed of TS = 40 mm/min and different 

rotational speeds. From the figure it can be observed 

that the third model's surface had the highest 

temperatures for TS = 40 mm/min and RS = 1200rpm.  
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a) 

 

 

b) 

 

 

c) 

 

Fig. 7. Temperature distribution on the surface of the 

model when: a)TRS=900 rpm; b) TRS=1050 rpm;  

c) TRS=1200 rpm and TS =40 mm/min 

. 
 The distribution of temperatures over the entire 

welded specimen is shown in figure 8 with a constant 

travel speed of TS = 60 mm/min and different 

rotational speeds. In the figure it can be observed that 

the third model's surface had the highest temperatures, 

for TS = 60 mm/min and TRS = 1200 rpm. 

 

a) 

 

 

b) 

 

 

c) 

 

Fig. 8. The temperature distribution on the surface of 

the model when: a) TRS=900 rpm; b) TRS=1050 

rpm; c) TRS=1200 rpm and TS =60 mm/min 

 

 Figure 9 shows the distribution of temperatures 

over the entire welded specimen at different rotating 

speeds and a constant travel speed of TS = 100 

mm/min). From the figure it can be observed that the 

third model's surface had the highest temperatures, for 

TS = 100 mm/min and RS = 1200 rpm.  
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a) 

 

b) 

 

c) 

Fig. 9. Temperature distribution on the surface of the 

model for: a) TRS=900 rpm; b) TRS=1050 rpm;  

c)  TRS=1200 rpm and TS =100 mm/min 

 

5.2. Effect of Welding Speed 
 

Figure 10 shows the temperature distributions, in 

cross sections, druing the friction stir welding process 

of the aluminum alloys AA7075-T6 and AA2024-O, 

at different travel speeds of TS = 20, 40, 60, 100 

mm/min). This graph shows the impacts of stabilizing 

the welding tool's rotational speed and altering the 

travel speed of the cart carrying the models, as the 

temperatures of the models increses with time. The 

temperature was highest when the rotational speed 

(TRS) and travel speed (TS) were equal to 1200 rpm. 

 Figure 11 combines different travel speeds of 

the vehicle carrying the models of TS = 20, 40, 60, 

100mm/min) with different rotational speeds of the 

welding tool, respectively RS = 900, 1050, 1200 rpm. 

The findings indicate that the twenty-one model, with 

the welding tool's rotational speed of RS = 1200 rpm 

and the model's travel speed of TS=20 mm/min, had 

the maximum temperature. 

 

 
 

Fig. 10. Temperature vs. distance along the weld line 

on the top surface: a) TRS=900rpm; b) 

TRS=1050rpm; c) TRS=1200rpm 

 

 
 

Fig. 11. Temperature vs. distance along the weld line 

on the top surface, TRS=900, 1050, 100 rpm 

 

 Figure 12 depicts the distribution of 

temperatures across the entire welded specimen with 

the welding tool's constant rotational speed (TRS = 

900 rpm) and the models' varying travel speeds 

(TS=20, 40, 60, 100 mm/min). The figure reveals that 

the thirteen models with the highest temperatures 

(TRS = 900 rpm & TS=20 mm/min) had their 

surfaces exposed. 

  

 

a) 
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b) 

 

c) 

 

d) 

 

Fig. 12. The temperature distribution on the surface 

of the model for: a) TS=20 mm/min; b) TS=40 

mm/min; c)TS=60 mm/min; d) TS=100 mm/min 

and TRS =900 rpm 

 

 Figure 13 shows the distribution of temperatures 

across the whole welded specimen with varying 

model travel speeds, respectively TS=20, 40, 60, 100 

mm/min, and a constant welding tool rotation speed 

of TRS = 1050 rpm. The graph shows that surfaces of 

the seventeen models have the greatest temperatures 

for TRS = 1050 rpm and TS = 20 mm/min. 

 Figure 14 shows the temperature distribution 

across the entire welded specimen with the models 

moving at different speeds, respectively at TS = 20, 

40, 60, 100 mm/min, and the welding tool rotating at 

a constant speed of TRS = 1050 rpm, with a twenty-

one-model, having the highest temperatures at TRS = 

1200 rpm and TS = 20 mm/min. 

 

a) 

 

b) 

 

c) 

 

d) 

 

Fig. 13. The temperature distribution on the surface of 

the model for: a) TS=20 mm/min;  

b) TS=40mm/min; c) TS=60 mm/min;  

d) TS=100 mm/min and TRS =1050 rpm 
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a) 

 
b) 

 
c) 

 
d) 

 

Fig. 14. The temperature distribution on the surface of 

the model when: a) TS=20 mm/min; 

b) TS=40 mm/min; c) TS=60 mm/min;  

d) TS=100 mm/min and TRS =1200 rpm 

 

5.3. Effect of Welding Speed by Stabilizing the 

       Rotational Speed and Changing the 

       Travel Speed 

 
 Figure 15 illustrates the findings and the 

relation between the length of time required for the 

welding process, from the start to the finish, and 

the temperatures on the welding center at various 

model travel speeds of TS = 20, 40, 60, 100 

mm/min, and the rotational speed of the welding 

tool at of TRS=900, 1050, 1200 rpm. The results in 

figure 14a clearly show that the temperatures 

reached maximum when the rotational and travel 

speeds were respectively set at 1200 rpm and 20 

mm/min. The model in figure 14b with the welding 

tool rotating at TRS=1200 rpm, and the car 

transporting the model traveling at TS=40 mm/min 

had the highest temperatures. The figure 14c 

illustrates that, from the start of the welding 

process to its end, the maximum temperatures 

occurred at travel speeds of TS=60 mm/min and 

rotational speeds of TRS=1200 rpm. The model in 

figure 14d with the fastest travel speed of 

TS=100mm/min, and welding tool rotating speed of 

TRS=1200rpm had also the greatest temperatures. 

 

  
 

  
 

Fig.15. Temperature vs. time during the welding 

process for: a) TS = 20 mm/min; b) TS = 40 mm/min; 

c) TS = 60 mm/min; d) TS = 100 mm/min 

 

 
 

Fig. 16. Temperature vs. time during the welding 

process for TS = 20, 40, 60, 100 mm/min  



ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI  FASCICLE XII 

56 VOLUME 33     (YEAR XXXIII)     2022 

 

 In figure 16, different travel speeds (TS = 20, 

40, 60, 100 mm/min) and different rotational speeds 

of the welding tool (TRS = 900, 1050, 1200 rpm) are 

compared to the time spent in the welding process, 

from the beginning to the end, and the temperature 

distribution of the model, from the starting point of 

the welding process to its end is shown. The graph 

demonstrates that the increase in the model's travel 

speed is greater in the first twenty-five seconds, but 

that it afterwards declines as a result of the welding 

process taking less time for models of the same 

length. 

 

5.4. Effect of Welding Speed by Stabilizing the 

       Travel Speed and Changing the 

       Rotational Speed 

 
The outcomes of the time spent building the models at 

a constant rotating speed and a varied travel speed at 

each rotational speed are shown in figure 17. 

 

   
 

Fig. 17. Temperature vs. time during the welding process for: a) TRS=900 rpm; b) TRS=1050 rpm; c) TRS=1200 rpm 

 

Figure 15a depicts the variation between the 

length of time spent welding the models at different 

travel speeds of TS = 20, 40, 60, 100 mm/min, and 

welding tool rotational speeds of TRS=900 rpm. The 

welded model with a rotating speed of TRS=900 rpm, 

and travel speed of TS=20 mm/min, at time of 50 sec 

until the end of the welding process, was found to 

have the greatest temperatures. The highest 

temperature distribution was for the model at a travel 

speed of TRS = 1050 rpm, and a rotation speed of TS 

= 20 mm/min, at 150 sec. until the welding process 

was complete, according to figure 15b, which depicts 

the relationship between time and temperature 

distribution at rotational speed at TRS = 1050 rpm, 

and travel speed of TS = 20, 40, 60, 100 mm/min. As 

for figure 15c, it displays the results of the welding 

process for models at different travel speeds of TS = 

20, 40, 60, 100 mm/min, and rotational speeds of 

TRS=1200 rpm. The distribution of temperatures is 

shown along with the amount of time spent in the 

welding process, and the highest temperatures were 

achieved when welding the model at these speeds 

after 150 seconds. 

 For different rotational speeds of the welding 

tool, respectively of TRS = 900, 1050, 1200 rpm, and 

different travel speeds of TS = 20, 40, 60, 100 mm/min, 

figure 18 illustrates the relationship between the time 

spent during the welding process, from the beginning 

of the welding to its end, and the temperature 

distribution on the model from the starting point of the 

welding process to its end. According to the findings, 

which are depicted in the image, there was a discernible 

rise in temperature at constant travel speed as well as 

an increase in rotational speed. The temperatures 

produced during the welding process increase with the 

welding tool's spinning speed. 

 

 
 

Fig. 18. Temperature vs. time during the welding 

process for TRS = 900, 1050, 1200 rpm 

 

5.5. Equation for the Prediction of 

       Temperature Distribution vs. Distance 

 
Using the ANSYS-15.0 program for different 

rotational speeds of the welding tool of TRS = 900, 

1050, 1200 rpm, and various travel speeds of TS = 20, 

40, 60, 100 mm/min, the temperature distribution was 

taken along a line, from the center of the weld to the 

end of the model, consisting of (19 - A) shaped (AA-

7075), and (19 - B) for the second plate (AA-2024). 

Using the Curve Expert program, a new equation was 

developed, to predict the temperature distribution. 

Several equations were tried, in order to find the most 

accurate one to predict the model's temperature in 

respect to the weld center's distance. Two equations 

were obtained, equation (1) for alloy (AA - 7075) and 

equation (2) for alloy (AA - 2024): 

 

𝑇 = 0.0002668 (1.0167896 − 𝑒0.0001621 𝑑 )  (1) 
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𝑇 = 0.0002659 (1.0168477 − 𝑒0.0001627 𝑑 )  (2) 

 

where T is temperature in [C°]; d – distance [mm]. 

 

 
a) 

 

   
b) 

 

Fig. 19. Model for the prediction of temperature 

distribution vs. distance: a) AA - 7075 alloy; b) AA – 

2024 alloy 

 

5.6. Equation for the Prediction of 

       Temperature distribution vs. Welding Time 

 
Using the ANSYS - 15.0 program, at various travel 

speeds of the cart transporting the model, respectively 

at TS = 20, 40, 60, 100 mm/min, and different tool 

rotational speeds of TRS = 900, 1050, 1200 rpm, the 

temperature distribution was taken on a longitudinal 

line, in the center of the weld, from the start of the 

welding process to its end. The average temperature 

distribution was then extracted over the longitudinal 

line using the Excel program. Using the Curve Expert 

program, a new equation was created to predict the 

distribution of temperatures along the welding line, 

from the start of welding to its end, versus the time 

required for the process. 

 

 
 

Fig. 20. Model for the prediction of temperature 

distribution vs. welding time  

Several models of equations were tried to find the 

most accurate model that predict the temperature’s 

distribution versus welding time. Figure 20 depicts 

the procedure that was used to arrive at the following 

equation: 

 

𝑇 =
0.46678 𝑡

5.9646+𝑡
      (3) 

 

where T is temperature in [C°]; t – time [s]. 

 

6. CONCLUSIONS 

 
The following conclusions can be summarized: 

1. The temperature increases with the increase in the 

rotational speed of the welding tool, and the 

highest degrees are in the welding center and 

decrease as move away from the welding center. 

2. The temperatures decrease with the increase of 

the travel speed of the welding cart, because the 

time taken in the welding process is shorter. 

3. Equations for temperature prediction have been 

developed, where the two equations (1 and 2) 

show the prediction of temperature from the weld 

center to the edges of the two alloys, which is a 

relationship between temperatures and the 

distance from the weld center, while the equation 

(3) was developed to predict the temperatures in 

the weld center, from the beginning of the 

welding process to its end, and the equation is a 

relationship between the temperatures and the 

time of the welding process. 

4. The temperature distribution is similar in both 

alloys (AA02024 & AA-075), due to the similar 

properties of both alloys, and the equations that 

were developed to predict the temperatures of the 

two alloys proved this conclusion (1 and 2). 

5. The highest temperature was recorded in the 

twentieth second from the start of the welding 

process, and its value is 410oC, at the travel speed 

of TS = 40 mm/min, and the rotational speed of 

the welding tool of RS = 900, 1050, 1200 rpm. 

 

7. FUTURE RESEARCH DIRECTIONS 

 
This work can be continued, as there are various 

studies to identify them and continue to address the 

problems of friction stir welding, below is a list the 

most important recommendations and future work:  

I. Studying the effect of changing the 

concavity of the welding tool on welding efficiency, 

at different travel and rotational speeds, and using 

different welding tools. 

II. Studying the effect of the initial heating of 

the welding tool on welding efficiency by using 

different welding tools and the different travel and 

rotational speeds. 

III. Developing a mathematical model in the 

manner of the specified elements, to link the practical 

results obtained with the results that will be obtained 

from the mathematical models and compare them. 
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IV. Using two different alloys, one of which is 

aluminum and the other of copper, and joining using 

friction stir welding, using different tools, and 

different travel and rotational speeds, to identify the 

welding efficiency between the two alloys and to 

identify the weaker one. 

V. Studying the effect of welding tool on 

welding efficiency, by using different types of 

welding tools and different travel and rotational 

velocities and comparing them. 
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