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Abstract
Temperature variations during friction stir welding result from the heat generated by the frictional action of a rotating tool 
on the workpiece. This temperature distribution affects the mechanical behaviour and ultimately the quality of welds pro-
duced. The study of the correlations between process parameter, temperature, mechanical properties and microstructure has 
become imperative in order to promote welds devoid of defects and possessing sound mechanical properties and to establish 
a temperature feedback control for effective components designs for industrial applications. This work studied the impact of 
tool rotational speed on temperature profile, mechanical behaviour and microstructure of friction stir welding of dissimilar 
aluminium alloy 6101-T6 and 7075-T651. Processing parameters of three different rotational speeds with values 1250 rpm, 
1550 rpm and 1850 rpm and a constant travel speed of 50 mm/min were employed. The temperature profile was measured 
with one end of thermocouple wires embedded in the plates and the other end connected to a data capturing software device. 
The temperature profile indicates that the temperature rises with time and is higher at the retreating sides than at the advanc-
ing side of the weld. The tensile test results show that the ultimate tensile strength decreases as the temperature increases. 
Microstructural observations of weld zone revealed non-uniformity in material flow. However, more material penetration 
into each other occurred more at 1550 rpm.
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1  Introduction

Friction stir welding (FSW) is a welding technique that has 
gained wide use in the welding of low-temperature alloys 
especially aluminium alloys. The welding process involves 
the use of a rotating tool on a workpiece leading to the gen-
eration of heat which plasticized and stirred the workpiece 
joint together in a completely solid-state welding. There are 
various parameters that determine the quality of the weld. 

Such parameters include tilt angle, axial force, travel speed, 
plunge depth, rotational speed, tool pin geometry, tempera-
ture distribution, etc. These factors affect the heat gener-
ated and the plasticization and flow of the materials during 
friction stir welding and consequently affect the mechanical 
properties and quality of the weld [1–4]. Studies have indi-
cated a direct link between weld temperature and mechanical 
behaviour of a friction stir weld joint. Microstructural evolu-
tion, defects, corrosion, wear and mechanical properties are 
all direct consequences of temperature distributions during 
welding and are often determined by processing parame-
ters employed during the welding [5–10]. Microstructural 
changes during FSW has been reported by various research-
ers [11–16]. Precipitate dissolution and coarsening including 
precipitate-free formation regions have been identified in the 
weld zone [17, 18]. The formation of these microstructural 
changes has also been linked to processing parameters such 
as feed rate and tool rotational speed [11, 19, 20]. Tool rota-
tional speed has been established as one of the important 
process variables in FSW. This particular variable affects 
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the strain rate behaviour of the recrystallization process 
[21]. Researchers have reported that there is an optimal tool 
rotational speed range within which quality welds can be 
achieved [22]. Lombard et al. [23] employed eleven com-
binations of tool feed rate and rotational speed for systemic 
optimization. Their report showed that the maximum tensile 
strength of 313 MPa at a rotational speed of 200 rpm was 
achieved. In a related study, Aruna et al. [24] studied three 
tool rotational parameters impact on the mechanical strength 
of FSW of 5083 aluminium alloy. They concluded that the 
rotating speed of 1200 rpm yielded the maximum UTS. Izab-
ela et al. [25] also studied the effects of tool rotational speed 
on the FSW of 7075-T651 and 5083-H111 aluminium alloys. 
They reported that better material mixing was obtained at 
higher rotational speed but the mechanical properties reduce 
as the rotational speed goes up. However, Min-Su-Han et al. 
[26] in their report revealed that excessively high tempera-
ture from high welding speed could result in defects and 
poor mechanical properties. Umasanka and Vijay [27] stud-
ied the correlation between temperature, rotational speed and 
mechanical strength of FSW of 6101-T6 and 6351-T6 alloys. 
The results indicate that there is a corresponding increase in 
temperature as the rotational speed increases. The mechani-
cal impact strength of the weld varies with the duration of 
impact and pressure. Prasad et al. [28] also studied the effect 
of the rotational speed of 100 rpm and 1000 rpm on micro-
structural changes and creep properties of low-temperature 
FSW of P91 steel. The welding temperature was measured 
at the tooltip, and the result revealed that temperature control 
is essential for a reduction in microstructural degradation 
during welding. Silva et al. [29] investigated the temperature 
variation during FSW of 6082 aluminium alloy with 20 mm 
thickness. The temperatures were measured at three different 
positions around the tool. The results show that the highest 
temperature of 607 °C was obtained from the thermocouple 
placed at the transition from the shoulder to the pin, while 
the lowest occurred at the pin’s tip. Kandasamy et al. [30] 
also investigated the temperature generated both on the tool 
and the workpiece during FSW of 7075 alloys. The maxi-
mum temperature obtained was compared with simulated 
results and was found to be in close agreement. Temperature 
measurements with high accuracy during FSW are often dif-
ficult to carry out through validation of the experiment. This 
is as a result of severe plastic deformation that occurs and 
could damage the thermocouple at the hottest region which 
is the interface between the rotating tool and the work-
piece where the temperature is expected to be measured [6, 
31]. Many researchers have utilized several approaches to 
measure or predict temperature during FSW. Some of these 
approaches include the use of thermal cameras and thermo-
couple embedded in tool [32–34]. Others include infrared 
thermometers, ultrasound, neutron-based methods [9, 31] 
and thermocouples embedded in the workpiece [27, 35, 

36]. The most commonly employed among these methods 
in literature is the use of thermocouples embedded in the 
workpiece at close proximity to the rotating pin area [37]. 
However, this approach also has the disadvantage of hav-
ing the thermocouple destroyed during the passage of the 
rotating tool [9]. Thermocouple placed at the surface of the 
plates to be welded would give a higher temperature than 
those placed behind the plates particularly when the mate-
rials for backing plates possess high thermal conductivity. 
These make different positions of thermocouple found in 
various studies [6, 38]. In this work, the thermocouple used 
was embedded into the workpiece at a proximity to the heat 
affected zone. It is pertinent to point out that tool rotational 
speed on workpiece generates the needed heat for FSW and 
cause temperature changes. Its influence often differs in 
FSW of dissimilar alloys. Although considerable amount of 
studies has been done on effects of tool rotational speed on 
the tensile strength of some friction stir welded aluminium 
alloys, however, majority of the works focused only on the 
relationship between the tool rotational speed and the ten-
sile strength of the weld. Only very few attempts have been 
made to establish the relationship between the tool rotational 
speed, the generated temperature during the welding, the 
microstructures and material flow pattern and the mechani-
cal properties of the friction stir welded aluminium alloys. 
The correlations between these factors are very significant 
in welding process control for industrial applications and are 
yet to be reported on friction stir dissimilar welding of 6101-
T6 and 7075-T651 aluminium alloys. This study, therefore, 
focuses on how the tool rotational speed causes variations in 
temperatures and how these variations affect the microstruc-
ture, material flow and mechanical properties of dissimilar 
FSW of 7075-T651 and 6101-T6 aluminium alloys. These 
aluminium alloys have been selected in view of their high 
strength-to-weight ratio, corrosion resistance, high thermal 
and electrical conductivity which have made them strate-
gic and important materials in aerospace and automobile 
applications.

2 � Experimental procedures

2.1 � Sample’s chemical composition and properties

The elemental composition and the mechanical properties 
obtained from the tested samples of the alloys are shown in 
Tables 1 and 2.

2.2 � Process parameters

The fixed travel speed and the different rotational speed of 
the tool employed for the experiment are given in Table 3. 
These parameters were chosen based on trial runs carried out 
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prior to this experiment. Five different tool rotational speeds 
(950 rpm, 1250 rpm, 1550 rpm, 1850 rpm and 2150 rpm) at 
two different travel speeds of 50 mm/min and 80 mm/min 
were carefully selected around the optimized values from 
the literature [39] for the trial runs. The welds from the rota-
tional speeds of 950 rpm and 2150 rpm at both travel speeds 
of 50 mm/min and 80 mm/min were found to develop root 
defects, an indication of too low heat input and too high heat 
input, respectively. The tool rotational speeds of 1250 rpm, 
1550 rpm and 1850 rpm at the travel speed of 50 mm/min 
gave defect-free welds. These three parameters were there-
fore selected to carry out this study. The details of the pro-
cedure followed are given in Sect. 2.3.

2.3 � Experimental procedures

The two aluminium alloys to be welded were properly 
cleaned to remove dirt and oxide layers that might have been 
formed on the surface. The tool of pin length 5.65 mm with a 
root diameter of 7.3 mm and pin mouth diameter of 5.5 mm 
and a shoulder diameter of 22 mm as shown in Fig. 1a, b 
was used for the experiment. The experiment was carried 
out with a 100 kN numerical welding machine designed 
and manufactured by IISc, Bangalore, and ETA Technol-
ogy Ltd, Bangalore, India. The experimental setup and the 
welding arrangement for the study are shown in Fig. 2. The 
two alloys were clamped in butt configuration with the 6101-
T6 placed on the advancing side (AS), while the 7075-T651 
was placed on the retreating side (RS). The advancing side 

is that side of the weld in which the rotating tool move-
ment and the traversing direction is the same. Here, the solid 
materials are transformed into semi-solid or plasticized and 
flow around the tool pin rotating at the interface of the two 
materials to be joined. The retreating side, on the other hand, 
is the side of the weld where the direction of tool rotation 
is opposite to the traversing direction. Here, the plasticized 
materials from the advancing side retreated and get cooled. 
The four ends of the thermocouple wires used were embed-
ded at four different points in the plates, two on each side 
of the plate at about 2 mm away from the weld boundaries 
as shown in Fig. 3. The other four ends were connected to 

Table 1   Chemical composition 
of the welded aluminium alloys 
(%wt)

Alloy Si Cu Fe Mn Mg Ti Cr Zn Al

6101-T6 0.53 0.01 0.14 0.002 0.600 0.008 0.001 0.003 Others
7075-T651 0.40 1.70 0.50 0.300 2.40 0.20 0.22 5.50 Others

Table 2   Mechanical properties of the welded alloy

Alloy Tensile 
strength 
(MPa)

Ultimate tensile 
strength (MPa)

Elon-
gation 
(%)

Thermal 
conductivity 
(W/m*°C)

6101-T6 172 180 21 167
7075-T651 462 575 18 130

Table 3   Rotational speeds and 
travel speeds

Rotational speed 
(rpm)

Travel 
speed (mm/
min)

1250 50
1550 50
1850 50

Fig. 1   a Schematic diagram of the tool. b Photograph of the tool

Fig. 2   Experimental setup and welding arrangements
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Labview evaluation software for temperature data captur-
ing and analysis. The friction stir welding was performed at 
three different parameters shown in Table 3. The specimens 
for tensile testing were prepared in accordance with ASTM 
E8 as shown in Fig. 4. Three tensile specimens were tested 
for each processing parameter, and the average ultimate ten-
sile strength values for each were taken for evaluation.

3 � Results and discussion

3.1 � Weld appearance

Careful observations of the welds after the welding as shown 
in Fig. 5 revealed that the welds are externally free from 
defects although, very little flashes could be noticed in the 
welds.

3.2 � Temperature profile

The profile of the highest temperatures obtained during the 
welding for each of the parameters as shown in Fig. 6 indi-
cate that the temperature rises with time and attained a maxi-
mum at the middle of the welding. Each welding parameter 
exhibits different temperature profiles at the retreating and 
the advancing side of the weld. This is as a result of dif-
ferent amount of heat generated during the welding which 

emanates from different processing parameters employed. At 
the 1250 rpm, the highest temperature at the advancing side 
is 366 °C which is lower than 397 °C obtained at the retreat-
ing side. This is shown in Fig. 7. However, at 1550 rpm, as 
shown in Fig. 8, the advancing side highest temperature is 

Fig. 3   Thermocouple arrange-
ments

Fig. 4   Prepared tensile samples Fig. 5   Welded samples
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414 °C which is higher than 366 °C obtained at the retreat-
ing side. This could be due to absorption of part of the heat 
generated by the latent heat of the alloy at the retreating 
side of the weld and the heat loss rate on the advancing side 
seems to be much lower than the rate of heat absorbed at the 
retreating side. However, as the rotational speed increases to 
1850 rpm, the highest temperature obtained at the 6101-T6 
side and 7075-T651 sides is 471 °C and 560 °C, respectively. 
This is shown in Fig. 9. This means that temperature vari-
ations at the 1250 rpm and 1850 rpm exhibit similarity in 
behaviour as the highest temperature at the 7075-T651 on 
the retreating side is greater than that of 6101-T6 on the 
advancing side for both parameters. The variations in these 

temperature profiles at the advancing and retreating sides 
can be attributed to inhomogeneous heat distributions and 
transferred as a result of differences in the thermal conduc-
tivity of both alloys. The thermal conductivity of 6101-T6 is 
higher than that of 7075-T651; hence, heat transfer occurred 
faster in 6101-T6 than in 7075-T651. This also implies that 
the rate of heat losses in the 6101-T6 is higher than that 
of 7075-T651 and consequently leads to lower temperature 
obtained at the advancing side of the welds.

3.3 � Effects of rotational speed on the temperature

The heat generated during friction stir welding results from 
the frictional effects of the rotating tool on the workpiece. 
The temperature measured indicates that the highest temper-
ature of about 550 °C was obtained at a tool rotational speed 
of 1850 rpm. The lowest recorded occurred at a rotational 
speed of 1250 rpm. The temperature considerably increases 
across the weld samples as the rotating tool speed increases 
as shown in Fig. 10. This is due to greater frictional effects 
of the rotating tool on the workpiece as the rotational speed 
increases leading to a higher amount of heat generation and 
consequently raising the weld temperature.

3.4 � Effects of rotational speed on tensile behaviour

The tool’s rotation on the workpiece considerably affects the 
tensile behaviour of the welds. As the rotational speed of the 
tool goes higher, there is a corresponding reduction in the ten-
sile strength of the welds. This is shown in Fig. 11. The highest 
ultimate tensile strength of 143 MPa was obtained at the lowest 
rotational speed of the tool. This can be ascribed to more heat 
input into the system when the rotational speed increases. The 
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increase in heat input causes microstructural changes in the 
weld region. The strengthening precipitates become coarsened 
leading to lower grain bonding which consequently reduced 
the tensile strength of the welds. 

3.5 � Temperature distribution effects on tensile 
behaviour

The heat produced during friction stir welding emanates 
from the friction between the tools rotating on the stationary 
workpiece. The produced heat affects plasticization, transfer 
and mixing of materials at the stir zone. These further deter-
mine the microstructural development at the joint interface 
and consequently affect the mechanical behaviour of the 
joints. The tensile test results obtained as shown in Fig. 12 
indicate that the highest ultimate tensile strength of 143 MPa 
occurred at the lowest weld temperature. As the tempera-
ture increases due to the increase in tool rotational speed, 
there is a decrease in the ultimate tensile strength across the 
welds. This decrease could be as a result of coarsening or 
dissolution of precipitates at the weld zone due to higher 
heat generation which results in weak bonding at the weld 
zone. The little differences observed in the ultimate tensile 
strength across the welds at different temperature changes 
indicate that the amount of changes in heat generated in the 
welds due to tool rotational speed changes is not sufficient 
enough to cause significant coarsening and precipitates dis-
solution at the weld zone, hence, the little changes in the 
ultimate tensile strength of the weld.

3.6 � Tensile test analysis

The average tensile test results for the three welded sam-
ples along with both base metals are shown in Fig. 13. 
The results revealed that the ultimate tensile strengths of 
all the welds were lesser than those of the parent met-
als. The percentage elongations for the welds were also 
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found to be lower than those of the base metals. The joint 
efficiencies of the welds calculated as the ratio of the ulti-
mate tensile strength of the welds to that of 6101-T6 base 
metals expressed in percentage are shown in Table 4. The 

efficiency of the weld reduces as the temperature increases 
due to the increase in rotational speed.

3.7 � Fracture analysis

The mode of fracture of the tensile specimens observed 
revealed that the fracture took place at the heat affected zone 
(HAZ) close to the 6101-T6 side as shown in Fig. 14a–d. 
This can be attributed to its lower mechanical strength com-
pared to 7075-T651. Also, the microstructural reorientations 
of the grains at that section lead to the formation of coarse 
precipitates with the resultant reduction in mechanical prop-
erties as a result of heat. The non-failure of the alloys at 
the weld zone is an indication of proper material mixing 
and bonding of the dissimilar metals for all the parameters 
employed. Considerable necking before failure was observed 
in all the tested specimen of the welds as shown in Fig. 14 
b–d. This implies that the material undergoes extensive plas-
tic deformation before the fracture occurred. This behaviour 
is synonymous with ductile materials like aluminium alloys. 
The fractographs of the tensile specimens are shown in 
Fig. 15a–e. All the fractographs of the three process param-
eters utilized as shown in Fig. 15a–c significantly show 
similarities in the fracture pattern. This is due to the failure 
of all the samples at the heat affected zone of the 6101-T6 
side of the welds. The fractographs equally revealed that 
plastic deformation and necking occurred before the mate-
rial fractured. This is evident in the fracture morphology 
of the tested specimens which are generally characterized 
by fibrous features, an indication that the crack propagation 
occurred slowly. Equiaxed dimples with voids are noticeable 
(Fig. 15a–d) which is a typical behavioural pattern of duc-
tile materials. The dimples are structures emanated from the 
nucleation, growth and coalescence of voids. These voids are 
formed as a result of the inhomogeneous rate of deformation 
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Fig. 13   Graph of ultimate tensile strength against percentage elonga-
tion

Table 4   Weld efficiency at different rotational speeds

Process parameter (rpm/
mm/min)

Ultimate tensile strength 
(MPa)

Efficiency 
of welds 
in %

1250/50 143 79
1550/50 140 77
1850/50 136 75

Fig. 14   Fractured specimen. a All the tested specimen. b 1250 rpm. c 1550 rpm. d 1850 rpm
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in the material under the applied load. The growth and coa-
lescence of these voids controlled the fractured behaviour. 
When these voids grow to critical sizes relative to the spac-
ing in-between them, a local plastic instability developed 
leading to the formation of macroscopic flaws which resulted 
in the fracture. The 6101-T6 base material has the highest 
percentage of elongation. The ultimate tensile strength was 
much higher than those of the welded samples; however, it 
is far below that of the 7075-T651, and the fracture pattern 
observed in the 6101-T6 alloy (Fig. 15d) is similar to those 
obtained for the welded samples. This is due to the fail-
ure of the welded samples at the 6101-T6 side. 7075-T651 
exhibits the highest ultimate tensile strength although the 
percentage elongation was a little lower than the other base 
metal of 6101-T6. The fracture pattern of the 7075-T651 
did not demonstrate appreciable necking before failure. This 
indicates lower ductility compared to the other base metal. 
The cracking features as shown in Fig. 15e indicate a trans-
granular mode of cracking accompanied by shear and pulled 
fractures.  

3.8 � Hardness

The microhardness was profiled across the welding direc-
tion at 1-mm interval. The hardness values varied across 
the three zones of the weld, i.e. heat affected zone (HAZ), 

nugget zone (NZ) and thermo-mechanically affected zone 
(TMAZ) and exhibited similar transformation pattern 
across the three parameters used in this study as shown in 
Fig. 16. At the 7075-T651 side which is the retreating side 
on the left of the NZ, the microhardness increases from 
base metal towards the HAZ and became maximum at the 
TMAZ just before the NZ. This is due to grain refine-
ment as a result of heat experienced at the zone. At the 
NZ, the microhardness values droped drastically. This can 
be attributed to inhomogeneity in the composition of the 
welding zone brought about by material mixing during the 

Fig. 15   SEM fractographs of the tensile tests fractured surfaces at 1.00k× for a 1250 rpm at 50 mm/min. b 1550 rpm at 50 mm/min. c 1850 rpm 
at 50 mm/min. d Base material 6101-T6. e Base material 7075-T651

Fig. 16   Hardness profile of the three rotational speeds
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FSW and coarsening of precipitates at this region which 
reduces hardness. At the HAZ of the advancing side which 
is the 6101-T6 on the right side of the NZ in Fig. 16, the 
hardness values further droped as expected. This is as 
a result of dissolutions of strengthening precipitates of 
the alloy in this zone. The highest hardness values at NZ 
and both sides of the HAZ were obtained at the rotational 
speed of 1250 rpm. This is due to better grain refinement 
at these zones as the tool generates a significant amount of 
heat needed for grain cohesion than the other two param-
eters with higher temperatures. Further analysis of the 
hardness variations across the three zones of the welds is 
shown in Fig. 17. The average hardness values evaluated 
from the welding zones of all the parameters demonstrate 
similarity in behaviour. At the NZ, the highest average 
hardness value of 122.62 HV was obtained at the rotational 
speed of 1250 rpm. As the speed increases to 1550 rpm, 
there is a drastic drop in the hardness value, but it moved 
up again as the tool rotational speed goes up to 1850 rpm. 
At the HAZ of the AS, the same pattern with the NZ was 
exhibited. The average hardness value of 81.88 HV was the 
highest and also occurred at 1250 rpm but droped a little at 
1550 rpm and then moved slightly higher at 1850 rpm. At 
the HAZ of the retreating side, the highest average micro-
hardness value of 119.2 was obtained and occurred also at 
the same 1250 rpm. A decrease in the value was equally 
noticed as the tool rotational speed increases to 1550 rpm 
and moved up again as the speed increases to 1850 rpm. 
The drop in average hardness at 1550 rpm across the three 
zones could probably be as a result of coarsening of the 
strengthening precipitates due to more heat input from 

the higher rotational speed. Although a further increase 
in the rotational speed to 1850 rpm caused a little rise in 
the average hardness across the zones, it might be as a 
result of improvement in the material movement at that 
rotational speed. 

3.9 � Microstructure

The mixing and dilution of the two dissimilar alloys at the 
joint interface during the welding occurred as a result of 
the rotational effect of the tool. Although the weld dilution 
could not be ascertained in this study, however, the mixing 
pattern and material flow at the different rotational speed 
employed have been revealed through the macrostructure 
and microstructural observations of the weld zones. The 
macrostructures as shown in the macrographs in Figs. 18a, 
19a and 20a revealed that there is sufficient heat for plas-
ticization of the joint interface at all the three tool rota-
tional speeds. Transformation of materials across the depth 
joint is not uniform as a result of varying contact area own 
to the tapered pin used. However, more material interac-
tion occurred at the 1250 rpm rotational speed than in the 
1550 rpm and 1850 rpm.

The microstructures vary across the length and breadth 
of the weld zone and generally formed three types of 
regions which agree to the findings of some research-
ers on dissimilar FSW of aluminium alloys [40–44]. The 
regions can be classified into mixed flow, mechanically 
mixed and unmixed region. The unmixed region is found 
at the uppermost part of the joint close to the tool shoul-
der region (Figs. 18c, 19c, 20c). The heat emanated from 
the tool rotating mechanism on the workpiece impacts on 
the microstructures of the region which becomes refined 
in grain structures leading to the occurrence of dynamic 
recrystallization during the welding. The mechanically 
mixed region contains microstructure of both 6101-T6 and 
7075-T651 aluminium alloys (Figs. 18d, 19d, 20d). The 
Weck’s reagent etchant revealed 7075-T651 as a lighter 
colour and 6101-T6 as a darker colour. Full penetration of 
the aluminium alloys into each other was not accomplished 
in all the welds. However, substantial materials were swept 
into each other at the tool rotational speeds of 1250 rpm 
and 1550  rpm. Onion ring structures of material flow 
were visible in 1550 rpm and 1850 rpm. This is shown in 
Figs. 19b and 20b. The mixed region like the mechanically 
mixed region also contains the microstructures of both 
alloys. Here, the alloys flow into each other in alternate 
layers in lamellae structural pattern as shown in Figs. 18e, 
19e and 20e. The SEM microstructure of the weld zones 
for all the welds is given in Fig. 21a–c. Interfacial and 
alternate layered flow structure occurred in all the zones.
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Fig. 17   Average hardness values at NZ, AS HAZ and RS HAZ of the 
three rotational speeds
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Fig. 18   Optical images of mate-
rial flow pattern and microstruc-
tures of weld nugget zone at 
100× for 1250 rpm. a Macro-
graph of the joint, b material 
flow pattern, c unmixed, d 
mechanically mixed, e mixed 
regions

Fig. 19   Optical images material 
of flow pattern and microstruc-
tures of weld nugget zone at 
100× for 1550 rpm. a Macro-
graph of the joint, b material 
flow pattern, c unmixed, d 
mechanically mixed, e mixed 
regions

Fig. 20   Optical images of mate-
rial flow pattern and microstruc-
tures of weld nugget zone at 
100× for 1850 rpm. a Macro-
graph of the joint, b material 
flow pattern, c unmixed, d 
mechanically mixed, e mixed 
regions
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4 � Conclusion

The experimental study above has further established the 
relationship between temperature distributions in friction stir 
welding and the resulting mechanical properties and micro-
structures. Conclusions from these relationships can be drawn 
as follows:

1.	 The temperature is directly proportional to the rotational 
speed of the tool. An increase in the speed of rotation of 
the tool leads to an increase in temperature.

2.	 The lower temperature at a considerable range during 
the friction stir welding favours improvement in tensile 
strength of the joints.

3.	 Higher temperature beyond the optimum value during 
the friction stir welding decreases the mechanical prop-
erties.

4.	 The little differences observed in the ultimate tensile 
strength across the welds indicate that 300 rpm tool rota-
tional speed differences may not be sufficient to cause 
significant changes in the ultimate tensile strength of the 
weld.

5.	 The observed temperature profile of the welding revealed 
that temperature increases with time and attained its 
peak in the middle of the welding.

6.	 Material distributions in the welding zone are not even. 
The volume of material swept into one another was more 
in 1250 rpm. However, the highest penetration of the 
alloy into one another occurred at the 1550 rpm rota-
tional speed.
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