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ABSTRACT 
 

Friction stir welding is a modern process that is used commercially on a large 

scale in various industries and in many countries to connect materials together 

without reaching the melting point of the metal during the welding process, so it is 

called the solid-state welding process. 

In this research, a three-dimensional mathematical model was designed for 

friction stir welding of aluminium alloys (AA7075-T6 & AA2024-O) with 

dimensions (100 x 100 x 6 mm), using (ANSYS 15.0) program to compare the 

results of temperature distribution with distance from the welding centre to the end 

of the welded piece, as well as the temperature distribution from the beginning of 

the welding process to its end, using different rotational speeds (900, 1050, 1200 

rpm) and different linear speeds (20, 40, 60, 100 mm/min). In the beginning, the 

rotational speed was fixed and the linear speed was made variable, and then the 

linear speed was fixed and the rotational speed was changed. 

The experimental results showed that the increase in the rotation speed of the 

welding tool leads to an increase in the temperatures on the surfaces of the models 

that were welded by the friction stir welding method. Among the other results 

obtained, it was found that the increase in the traveling speed of the trolley carrying 

the models when the stir welding process decreases the temperatures on the surface 

of the models when the welding process is performed. We note the convergence of 

the theoretical results with the applied results. 

 
KEYWORDS: AA2024-O, travel speed, ANSYS 15.0, rotational speed, 

friction stir welding, AA7075-T6 

 

1. Introduction 
 

During the friction stir welding process, the heat 

generated as a result of friction between the welding 

tool and the pieces to be welded and the plastic 

deformation in the welding area leads to changes in 

the metallurgical and mechanical properties in the 

welding area. These changes are affected by a number 

of operational and engineering factors, including the 

rotational velocity of the welding tool, the travel 

velocity of the welding table, the design and shape of 

the welding tool, the amount of heat entering the 

welding area and some other factors. 

There is a different of research that has studied 

the stir welding processes for aluminium alloys [1]. In 

this study, a different rotational velocity of the 

welding tool and a different velocity of the travel 

velocity of the cart carrying the model were used in 

order to know the relationship between these 

variables and prayer in aluminium alloy 7050. The 

required characteristics were obtained in this study 

[2]. The researcher studied the temperature of the 

welding tool with the friction stir welding process and 

modeling the process for 6061-T6 aluminium alloy. 

The model is developed to investigate the FSW 

phenomena inside the tool and work piece and the 

heat transfer coefficient of the aluminium alloy is 

improved to (h = 2.0 kW/m2/kW). The results showed 

that the temperature the probe is in the middle of the 

upper surface, 440 °C and 400 °C at the bottom of the 

probe and the measured surface temperature and the 

temperature inside the instrument are different by 
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about 40 °C to 50 °C [3]. The researcher has 

developed an analytical model for aluminium alloy 

AA 6061-T6 friction stir welding to simulate the 

contact temperature in the welding process. The 

results showed that the high heating temperature of 

the welding process not only improves the welding 

quality, but also reduces the processing time [4]. The 

researcher provided an overview and compared the 

methods of measuring temperature The 

thermocouples included in the instrument were 

experimentally evaluated in two different location 

types. The results showed that the thermocouple 

temperatures inside the probe had higher readings and 

a faster response from the thermocouple on the 

shoulder Both have lower response time and lower 

temperature readings During the diving process 

compared to TWT [5]. The researcher carried out a 

study on the FSW welding tool using the fluid 

dynamic code, FLAFT, to model a knight in a metal 

AA2017A box. The results showed that the best flow 

of materials around the welding tool, in addition to 

the production of a larger amount of heat in this 

region, and from this it is possible to estimate the 

temperatures more accurately through the viscosity 

generated near the solidus softening region [6]. The 

researcher studied the effect of tool rotation on 

Temperatures during the stir welding process for 

copper and aluminium materials, using the CEL finite 

element model. The numerical model has been 

validated by thermal imaging and infrared 

thermometry. The results showed values close to the 

experimental temperatures that were found by 

numerical simulation, and the highest temperature 

was recorded for the joint line at a distance1 [mm] 

behind the shoulder of the welder and the direction of 

the welder turn clockwise compared to the turn of the 

welder counterclockwise [7]. The researcher has 

developed a numerical model for aluminium alloy 

AA2024 and AA7075 based on computational fluid 

dynamics (CFD) to predict temperature and material 

distribution, flux during welding process FSW via 

cylindrical rotation tool Stable plastic viscous 

laminate. The results indicate when increasing Tool 

rotation speed (TRS) and shoulder diameter (SD), 

during the welding process the temperature of the 

welding area increases and the material flow 

increases and when the welding speed (WS) is 

increased. The temperature of the welding area 

decreases the flow of materials in the stirring area 

decreases during the welding process [8, 9]. The 

researcher studied the so-called curing window, 

through which the quality is good Friction stir 

welding welds can be produced from AA5083 to 

AA6082. To this end systematically A set of nine 

welds equipped using rotation speeds of 280, 560, 

840 rpm and Traverse speeds of 100, 200 and 300 

mm/min with AA5083 in the advanced side and nine 

more with reversible material, for comparison a series 

smaller than the AA5083 - AA5083 and AA6082 -

AA6082. It was found through the results that the 

temperature rise under the welding tool depends on 

the rotational speed compared to the travel speed 

[10]. The researcher conducted an experimental and 

numerical analysis of aluminium alloy 2195 to study 

the heat flux and temperature of the welding tool and 

work piece during the stir welding process. The 

results showed that the temperature resulting from the 

friction between the welding tool and the work piece 

is 5% of the tool and the rest of the heat flows into the 

work piece [11]. The researcher studied the material 

flow for friction stir welding (UFSW) of low carbon 

steel and how the welding process is carried out under 

water using a thermo mechanical model to understand 

the relationship between the phenomenon of thermal 

friction during the welding process between the 

welding tool and the work piece and the knowledge 

of welding properties. The results showed that the 

generated heat recorded the highest friction stir 

welding temperature 1228 ºC and the highest friction 

stir welding temperature is 1008 °C. Simulation 

results showed the tensile strength of the steel in the 

stirring zone (SZ) of the FS Wed joint is higher 

compared to friction stir welding status. The 

microstructure of SZ for welded parts in the friction 

stir welding condition is more accurate than the 

friction stir welding condition because the water-

cooling rate is high [12]. The researcher has 

developed a model in FSW of alloy AA 7068 with 

high strength in 3D computational fluid dynamics 

(CFD) to Study the effect of welding tool pin profile 

on material flow and temperature improvement 

Simulations were performed using the k-perturbative 

RNG model. The higher temperature obtained in the 

experiment is lower than the temperature obtained by 

simulation. The hardness was checked in different 

welds about 71% of the hardness of the base metal 

was obtained [13]. The researcher studied the heat 

transfer behavior of friction stir welding of 

aluminium alloy AA5052-AA6061 and their 

dimensions are 300 mm in length and 150 mm in 

width by determining the temperature distribution on 

the welded aluminium alloys and using the program 

ANSYS Finite Elements. The results indicate that the 

temperature distribution for each of the aluminium 

alloys AA5052 and AA6061 due to the similarity of 

the properties of the alloys and the maximum 

temperature resulting in the simulation agree with the 

results experimental [14]. The researcher has 

developed a finite element model for the friction stir 

welding process based on the mechanics of solid 

materials using ABAQUS to study the material flow 

for the welding process, particle tracking technology. 

The simulation results showed that the flow pattern 

the particles follow around the welder moving in a 
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spiral motion to the upper surface and vortex to the 

lower part. And the velocity of material flow to the 

surrounding part the welding tool is higher than the 

lower part of the welding tool [15]. The researcher 

welded aluminium alloy 2024-T4 With a thickness of 

1.9 mm by friction stirs welding; the tool used in the 

welding process is FWS-C conical probe and FWS-H 

hexagonal conical probe. The results for the FSW-C 

sample show temperatures are high at the bottom of 

the screw end and the temperature results for the 

FSW−H sample are the highest stretching 

temperature, from the probe tip to the adjacent area 

towards the forward side. The use of a hexagonal 

probe has a good metal effect, which increases the 

heat input and improves the flow of materials [16]. 

The researcher made a model of friction stir welding 

for AA6061 Alloy and AA5086, and a study of the 

effect of temperature on the welding tool, the 

displacement of the tool, and the position of the 

alloys. The results showed that the temperature 

increases in the position of the hardest aluminium 

alloy AA6061 on the advancing side compared to the 

position of the alloy on the declining side. The 

displacement of the tool has a significant effect on the 

temperature [17]. The researcher distributed the 

temperature on aluminium alloy 6082 during the 

friction process, welding noise, by placing eight 

thermocouples, four on the forward side and four on 

the back side, with different tilt angle and stopping 

time, the tool rotation speed is constant and travel 

speed. The results showed a higher temperature in the 

position of the alloy on the advancing side compared 

to its position on the retreating side. Many other 

studies have adopted the study of the effect of 

rotational speeds, linear speeds, and types of pens on 

temperature distribution and mechanical properties, 

and many metals were used, including metals subject 

to heat treatments, and different and valuable results 

were drawn for friction welding, especially for 

aluminium alloys [18-30]. 

In this study, the results of the effect of these 

factors on the temperature distribution on the surfaces 

of the welded models, and the temperature values 

from the starting of the welding stir friction process to 

the end of this process, will be presented, as well as a 

study of the effect of temperature changes on the 

surfaces of welded models in different places on the 

hardness resistance of these models. 

Experimental work in this model included 

preparing aluminium sheet models (AA-2024-O & 

AA-7075-T6) and the models manufactured in the 

specified places, to know the temperature distribution 

during welding operation. 

 

 

 

 

2. Experimental work 

 

2.1. Metal Property 
 

In this study, aluminium alloys (AA-2024 – O & 

AA-7075-T6) heat treated sheets were used as a metal 

base in this work. – Northern Technical University-

Mosul Technical Institute Department of Mechanical 

Engineering - Mosul. Table 1 shows chemical 

analysis of alloy component proportions and their 

comparison with the standard ratios values approved 

by the European Aluminium Association (EAA). 

Table (2) shows a comparison of the mechanical 

properties of the tested alloy (AA 2024–O) with the 

standard values of the alloy itself according to the 

American specifications (ASTM E 3-01), Table 3 

shown thermal properties of aluminium alloys [30-

33]. 

 

Table 1. The chemical composition of aluminium 

alloys 
 

 
 

Table 2. Mechanical properties of aluminium 

alloys 
 

 
 

Table 3. Thermal properties of aluminium alloys 
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2.2. Machines and equipment used 

 

The traditional vertical milling machine was 

used to carry out all the friction stir welding 

operations in the mechanical workshop, and we also 

manufactured a simple carbon steel fixture tool for 

the pieces to be welded to fix the pieces during the 

operations. In the current study, two factors were 

chosen among the factors of frictional mixing 

processes, namely the travel velocity of the milling 

machine table and the rotational velocity of the 

friction tool, where three rotational velocity (1000, 

1225, 1525 rpm) and three travel velocity (30, 40, 60 

mm/min) were chosen, and the rotation was the tool 

is clockwise (CW) to perform the entire process of 

friction stir welding. Figure 1 shows the milling 

machine used in the friction stir welding. 

 

 
 

Fig. 1. Milling machine used in the friction stir 

welding 

 

A tit device was used to measure temperatures 

on the surfaces of the welded models, during the 

friction stir welding process, and the device measures 

temperatures between (-50-550 °C). Figure 2 shows 

device that measurers the temperature by distance. 

 

 
 

Fig. 2. Shows device those measurers the 

temperature by distance 
 

Tapered threaded left-toothed with a diameter of 

(18 mm) and a pin with a diameter of (18 mm) and a 

diameter of (5.5 mm) at the base and (4.7 mm) at the 

end and a height of (2.9 mm), and using the tilt angle 

of the welding tool (tilt angle) is (2°) from the vertical 

axis to obtain a high quality of welding, and the tool 

rotates clockwise (CW). It is worth mentioning here, 

that the optimum value of the angle of inclination of 

the welding tool is within (2°-4°), and Figure 3 shows 

the shape and dimensions of the welding tools, while 

Table 4 shows the chemical composition and 

mechanical properties of the welding tools used in the 

test, and Tables 4 and 5 types of materials used in the 

manufacture of welding tools. 

 

 
 

Fig. 3. shows the shape and dimensions of the 

welding tool, which are a cylindrical tool with a 

conical serrated protrusion 
 

2.3. Materials and working methods 

 

The metal used in this study is two aluminium 

alloys (AA-2024 - O & AA-7075-T6), which have 

poor weld ability by fusion welding methods. 

The alloy plates with a thickness of (6 mm) were 

cut into strips and using coolant to avoid affecting 

their original structure by means of an electric disk 

saw, and the dimensions were adjusted using a 

milling machine to obtain the required dimensions 

(100 * 100 * 6 mm) and prior to the welding stir 

process. Friction The oxide layer is removed from the 

surface of the parts to be welded, especially in the 

joint area, using grinding paper and cleaned with 

acetone solution to remove dirt and contaminants. 

(Rolling direction) as shown in Figure 4. 

The models prepared by the friction stir welding 

method were welded at different rotational velocity of 

the welding tool (1000, 1250, 1525 rpm), as well as 

the travel velocity of the welding table on which the 

welded models are fixed (20, 40, 60 mm / min) using 

a welding tool of length (90 mm). 
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Fig. 4. Shows the shape and dimensions of the 

parts to be welded 
 

2.4. Distributing temperatures when 

performing friction stir welding 

 

The temperatures were measured on the surfaces 

of the models when friction mix welding was 

performed, as in Figure 5, which shows the points 

where the temperatures were measured for the models 

that were welded by friction mix welding method. 

Temperatures were measured using the laser device to 

measure the temperatures on the surfaces of the 

models when performing frictional mixing welding 

operations. 

 

 
 

Fig. 5. Shows the points where the temperatures 

were measured for the models 
 

Points on the vertical line were also determined 

from the starting of the friction stir welding process to 

the end of the welding process, and the temperatures 

were measured using a laser device, which are the 

points (1, 2, 3, 4) in order to study the effect of 

changing temperatures when changing the travel 

velocity of the welding cart and the rotational velocity 

of the tool. Figure 6 shows those points. 

The temperatures were taken in five points on 

one horizontal line, which are the points between (3, 

6, 9, 11, and 12) in order to study the distribution of 

temperatures in the middle of the welded pieces, and 

the Figure 7, shows those points. 

 

 

 
 

Fig. 6. shows the vertical points where the 

temperatures were measured for the models 

 

 
 

Fig. 7. shows the horizontal points that have 

been identified in order to take the temperature 

values in them 
 

2.5. Steps to do the friction stir welding 

process 

 

First, we install the two alloys with each other 

(1) on the cart of the milling machine, by means of 

the brackets of the installation tool, and we put under 

the alloys a sheet of steel to retain heat when 

performing the friction stir welding process. 

Secondly, we tilt the welding tool at an angle of 

(α = 2°) from the vertical axis to obtain a high quality 

of welding. 

Thirdly, we then choose the required travel 

velocity and rotational velocity, and the chosen travel 

velocity is (20, 40, 60 mm/min) and rotational 

velocity (1000, 1225, 1525 rpm) in each process, 

either the travel velocity or the rotational velocity was 

changed according to the work platform. 

 Fourth, we operate the milling machine, and 

then we carry out the process of lowering the tool 

weld down until it touches the contact area of the two 

alloys, and this process continues to go down until the 

tooth of tool enters the inside of the alloys so that the 

shoulder of the tool is on the surface of the two alloys 

by touching them, so that the metal is confined within 

the concavity on the shoulder of the welding tool, 

through the rotation of the welding tool, heat is 

generated and the two alloys are welded together in 

the contact area between them and the process takes 

place from starting to end, with the use of a laser 

device to measure the temperature in the areas 

identified on the surface of the alloys, and before the 
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welding tool reaches the end of the model by less 

than two millimetres, the process is stopped, the 

welding tool is raised and cooled in order to preserve 

it, Figure 8. 

 

 
 

Fig. 8. It shows the method of fixing the alloys, 

calibration and the welding process from 

starting to end 
 

3. Results and discussion 

 

3.1. Distributing the degree of heat to the 

surfaces of welded patterns 
 

After preparing the models that were composed 

of aluminium ingots (AA-2024 - O) and nine other 

models of aluminium ingots (AA-7075 T6) and after 

welding these pieces together by friction stir welding, 

at different rotational and travel velocities, welded 

models were obtained. 

The results of the temperature distribution test 

on the surfaces of the models when the friction stir 

welding is performed for the samples appear in the 

Table 4. 

 

Table 4. shows the distribution of temperatures 

during the friction stir welding process on the 

models 
 

 
 

3.2. Effect of constant of rotational velocity 

and change of travel velocity 

 

The results obtained in Figure 6 were analysed 

in the Excel program to compare these results with 

the Figures 9 and 10. Figure 9 shows the relationship 

between the time spent in the friction stir welding 

process of the two alloys from the starting of the 

welding process to its end with the temperature 

distribution on the welded models on the vertical line 

of the welding process from the starting point of the 

welding process to its end for different travel 

velocities (30, 40, 60 mm/min) and different rotation 

velocities of the tool welding (1000, 1225, 1525 rpm). 

The results indicate a decrease in temperature with an 

increase in the travel velocity of the trolley carrying 

the models and a constant rotational velocity, and this 

indicates a noticeable increase in temperature as the 

time spent in the welding process increases. It is clear 

from the results presented in Figure 9-a constant 

rotational velocity (1000 rpm) that the highest 

temperatures were at the traveling velocity (30 

mm/min) and the time taken for the welding process 

(3 minute). Also, the Figure 9-b in which the constant 

rotational velocity was (1225 rpm) and at different 

travel velocity (30, 40, 60 mm/min) shows an 

increase in temperatures with the passage of welding 

time and highly during the first thirty seconds from 

the start of the welding process, and after that the 

increase is in the form of a curve and it was higher an 

increase in temperature when the travel velocity was 

(30 mm/min ), where the highest value ( 375 °C) was 

recorded after a time of (3) minutes after the welding 

process started. Figure 9-c where the rotational 

velocity was constant (1525 rpm) and at different 

travel velocity (30, 40, 60 mm/min) shows a marked 

increase in temperatures with the passage of welding 

time and at a high velocity during the first thirty 

seconds of the start of the welding process and then 

the increase is in the form of a curve. The highest 

temperatures in the welding processes were recorded 

when the travel velocity was (30 mm/min), where the 

highest value was (385) after the time (3) minutes 

from the start of the welding process. 
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Fig. 9. shows the relationship between 

temperatures with time from the starting of the 

friction stir welding process to its end when the 

rotational velocity is fixed and the travel velocity 

change 

 

 
 

Fig. 10. Shows the temperature change over 

time from the starting of the welding process to 

its end, at variable velocities of travel and 

rotational 
 

Figure 10 shows the relationship between the 

time spent in the friction stir welding process of the 

two alloys from the starting of the welding process to 

its end with the temperature distribution on the 

welded models on the vertical line of the welding 

process from the starting point of the welding process 

to its end for different rotation velocities of the 

welding tool (1000, 1225, 1525 rpm) and different 

travel velocities of the milling trolley (30, 40, 60 

mm/min). The results indicate an increase in the 

temperature with an increase in the time spent in the 

friction stir welding process, where the highest degree 

and its amount (385 ºC) was recorded when 

comparing all the results obtained from the friction 

stir welding processes at different rotational velocities 

of the welding tool as well as different travel 

velocities. 

 

3.3. Effect of constant of travel velocity and 

change of rotational velocity 

 

The results obtained in Figure 7 were analysed 

in the Excel program to compare these results with 

the Figures 11 and 12. Figure 11 shows the results of 

the relationship between the time spent in the welding 

process, mixing friction, during the welding process 

from its starting to its end with the temperatures on 

the vertical line in the welding area, at different travel 

velocity of the carriage (30, 40, 60 mm/min), and 

different rotational velocity of the welding tool (1000, 

1225, 1525 rpm). It is appeared from the results 

presented in Figure 11-a, at a constant travel velocity 

(30 mm/min) that the highest temperatures were at 

the travel velocity (1525 rpm) and the time taken for 

the welding process three minutes and it value (385 

°C). Also, Figure 11-b, in which a constant travel 

velocity (40 mm/min) and a different rotational 

velocity (1000, 1225, 1525 rpm) was shown to 

increase in temperatures with the passage of welding 

time and at a high degree. During the first thirty 

seconds of starting the welding process and after that 

the increase will be in the form of a curve and the 

temperature increase will be higher when the travel 

velocity was (40 mm/min) and rotational velocity 

(1525 rpm), where the highest value (363 °C) after a 

time of two minutes after the start of the friction stir 

welding process. 

Figure 11-c where the travel velocity was 

constant (60 mm/min) and at a different rotational 

velocity (1000, 1225, 1525 rpm) , the results indicate 

that the highest temperature was recorded when the 

rotational velocity was (1525 rpm) and the highest 

value was recorded (340 ºC) after a time of minute 

and a half, and this indicates that the increase in the 

rotational velocity and the increase in the travel 

velocity leads to an increase in temperatures during 

the welding process. 
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Fig. 11. Shows the relationship between 

temperature and time taken in the welding 

process from starting to end, with constant travel 

velocity and change in rotational velocities of 

the welding tool 
 

Figure 12 shows the relationship between the 

time spent in the welding process of the two alloys 

using the friction stir welding method from its 

beginning to its end with the temperature distribution 

on the welded models on the vertical line of the 

welding process from the starting point of the 

welding process to its end for different travel velocity 

(30, 40, 60 mm/min) and each at a different rotation 

velocity of the welding tool (1000, 1225, 1525 rpm). 

The results indicate an increase in the temperature 

with an increase in the rotational velocity of the 

welding tool at constant travel velocity, and this 

indicates a significant increase in temperature with 

the increase in the rotational velocity. 

 

 
 

Fig. 12. Shows the temperature change over 

time from the starting of the welding process to 

its end, at variable velocities of travel and 

rotational 
 

3.4. Effect of change travel velocity 

 

Figure 7 shows the areas that have been 

identified in which the temperatures were measured 

during the friction stir welding process on a 

horizontal line in the middle of the models at constant 

rotational velocity of welding tool, and Figures 13 

and 14 show those results. 

Figure 15 shows the analysis of results when 

fixing the rotational velocity of the welding tool at 

(1000, 1225, 1525 rpm) and changing the travel 

velocity of the welding cart at each rotational velocity 

to compare between them, and the Figure 13-a shows 

the results of the temperature distribution when the 

rotational speed of the welding tool was (1000 rpm) 

and the travel speed of the welding cart (30, 40, 60 

mm/min) It is evident from the figure that the highest 

temperature was recorded when the travel velocity of 

the welding cart was (30 mm/min), where the highest 

temperature was recorded in the welding centre and 

its value was (319 ºC), while the lowest temperature 

recorded in the welding centre was when the travel 

velocity was (60 mm/min) and its value was (270 ºC). 

Figure 14-b shows when the rotational velocity of the 

welding tool was constant at (1225 rpm) and the 

travel velocity of the welding cart was variable (30, 

40, 60 mm/min), where the results showed that the 

highest temperatures were recorded when the travel 

velocity of the welding cart was (30 mm/min) and it 

was the highest value in the welding centre its value 

is (354 oC), while the lowest value was recorded in 

the welding centre when the travel velocity of the 

welding cart was (60 mm/min) and its value was (308 

ºC). Figure 14-c shows the temperature distribution 
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when the rotational velocity of the welding pen was 

(1525 rpm) and the travel velocity of the welding cart 

is (30, 40, 60 mm/min), and it is clear from the figure 

that the highest temperature recorded in the welding 

centre was when the travel velocity of the welding 

cart was (30 mm/min) and its value was (375 ºC), 

while the lowest value was recorded in the welding 

centre when the travel velocity of the welding cart 

was (60 mm/min) and its value (335 ºC). 

 

 

 

 
 

Fig. 14. The temperature distribution with the 

distance from the welding centre of the two 

alloys on the horizontal line located in the 

middle of the two models: a. at T.S. = 1000 rpm, 

b. at T.S. = 1225 rpm, c. T.S. = 1525 rpm 

 

Figure 15 shows the results of the temperature 

distribution on the surface of the two alloys welded 

together in the friction stir welding method when the 

rotational velocity was variable (1000, 1225, 1525 

rpm) and the travel velocity of the welding car was 

also variable (30, 60, 40 mm/min), and it appears 

from the figure that the highest temperatures it was 

recorded when the rotational velocity of the welding 

stylus was (1525 rpm) and the rotational velocity of 

the welding cart (60 mm/min) where the highest 

value was recorded in the welding centre and its value 

was (373 ºC) at these velocities. While the lowest 

value was recorded in the welding centre and its value 

was (270 ºC) when the rotational velocity of the 

welding tool was (1000 rpm) and the travel speed of 

the welding cart was (60 mm/min). This indicates that 

when the rotational velocity of the welding tool is 

constant and the travel velocity of the welding car 

changes, the temperatures decrease with the increase 

in the travel velocity of the welding cart, and the 

temperature increases with the increase in the 

rotational velocity of the welding tool. 

 

 
 

Fig. 15. Shows the temperature distribution with 

distance along the weld horizontal line on the 

centre of the models: R.V. = 1000 ,1225 ,1525 

rpm 
 

3.5. Effect of change rotational velocity of 

welding tool 
 

Figure 7 shows the areas that have been 

identified in which the temperatures were measured 

during the friction stir welding process on a 

horizontal line in the middle of the models at constant 

travel velocity of milling cart, and Figures 16 and 17 

show those results. 

Figure 16 also proves these results. The (a, b, c) 

Figures that make up this figure show a noticeable 

increase in temperatures with an increase in the 

rotational velocity of the welding tool. 
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Fig. 16. The temperature distribution with the 

distance from the welding centre of the two 

alloys on the horizontal line located in the 

middle of the two models: a. at T.V. = 30 

mm/min, b. at T.V. = 40 mm/min, c. T.V. = 60 

mm/min 
 

Figure 17 shows the results of the temperature 

distribution on the horizontal line passing through the 

middle of the models when the travel velocity of the 

welding cart is constant at (30, 60, 40 mm/min) and 

in each of them the rotary speeds of the welding 

stylus are changed by three different speeds which are 

(1000, 1225, 1525 rpm), and it appears from the 

figure that the highest temperatures were recorded 

when the travel velocity of the welding cart was equal 

to (60 mm/min) and the rotational speed of the welder 

was (1525 rpm) where the highest value was recorded 

in the centre of welding and its value was (373 ° C) at 

these speeds. While the lowest value was recorded in 

the welding centre and its value (270 °C) when the 

travel speed of the welding cart (60 mm/min) and the 

rotational speed of the welding tool (1000 rpm). This 

indicates that when the travel speed of the welding 

cart is constant and the rotating speed of the welding 

tool changes at it, the temperature increases with the 

increase in the rotational speed of the welding pen 

when the travel speed of the welding car remains 

constant, and the reason for this is the intensity of 

friction between the welding tool and the welded 

metal. 

 

 
 

Fig. 17. Shows the temperature distribution with 

distance along the weld horizontal line on the 

centre of the models: T.V. = 30, 40, 60 mm/min 

 

4. Conclusions 
 

After conducting practical experiments for 

welding the models using the friction stir welding 

method, and after studying, analysing and discussing 

the practical results extracted from them, the 

following conclusions can be drawn: 

1. The results showed that when the rotational 

speed is increased, the temperatures increase at 

constant travel velocity and the temperatures decrease 

when the travel velocity increases at constant 

rotational speed. 

2. The lowest temperature recorded from the 

beginning to the end of welding was (287 °C) at a 

rotational speed (1000 rpm) and a constant travel 

speed (60 mm/min) and the time taken in the welding 

process was three minutes. The highest temperature 

recorded horizontally in the middle of the two alloys 

from the centre of the weld to the edges of the two 

alloys was in the welding area and its value was (373 

°C) at a rotational speed (1225 rpm) and a constant 

travel speed (30 mm/min) while the lowest 

temperature was recorded horizontally in the middle 

of the two alloys From the weld centre to the edges of 

the alloy (270 °C) at a rotational velocity (1000 rpm) 
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and a constant travel velocity (60 mm/min), we notice 

that the temperatures decrease as we move away from 

the welding line. 

3. The temperature distribution of both alloys is 

close to the similarity of the alloy properties, and that 

the temperatures of the alloy of the advance side are 

higher than the temperatures of the alloy of the 

retreating part. 

4. We note the convergence of the theoretical 

results with the applied results. 
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