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Abstract: The paper focuses on the application of friction stir welding (FSW) technology for welding of unequal materials based on 

aluminum alloys. Joints were made from AW 5083 and AW 6082 materials using FSW technology at different weld speed values. The joints 

were analyzed metallographically, the hardness of the materials was tested across the cross section of the joint and the strength of the joint 
was tested by destructive static tensile test. At the lowest weld speed, the materials were not perfectly mixed, there was a macroscopically 

visible gap at the joint location, which was reflected in the lack of joint strength. At the medium and highest weld speed values, a joint with 
mechanical properties comparable to those of the base material was formed. Metallographically, the bond between the materials was free of 

any internal defects. 
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1. Introduction 

The challenges in metal joining technology are becoming more 

intense across the industry. Along with the introduction of new 
materials for use in industry, there is also the task of researching 

and innovating, or developing new technologies for processing 
these materials. However, when applying new joining methods, it is 

always necessary to guarantee the quality and strength of the 

products. 

Trends in car development are leading to an increase in the 
share of light alloys in cars. The application of aluminum and 

magnesium alloys in the automotive industry results in more 
efficient and economical operation of automobiles, while 

maintaining or improving the required properties. Friction stir 
welding (FSW) technology in automotive serial assembly-line 

production was first implemented in 2012 [1]. Satisfactory results of 
welding aluminum-steel alloys to the load-bearing parts of 

components show improved driving characteristics as well as 

shorter car production time. 

Welding tools and optimal process parameters are important 
elements in FSW welding. By choosing the material and the 

geometric shape of the tool together with the combination of 
configuring the process parameters, welding of materials according 

to the valid standards can be ensured. The tool consists of two parts: 
pin and shoulder. The FSW welding process consists in that, the 

rotating tool pin is gradually pressed into the components or blanks 

to be weld, where the entire tool then performs a rectilinear 
movement along the welding gap between the components. During 

this movement, the materials are mechanically mixed by the action 
of the tool without external heating. The increased process 

temperature is due to internal friction in the materials. The tool can 
move clockwise or counterclockwise [2-3]. 

The practical part of the article is focused on the assessment of 

mechanical properties and microstructure of joints of two aluminum 

alloys performed by FSW technology. The microstructure of the 
joints was assessed by metallography and mechanical properties of 

the joints by hardness measurement and static tensile test [4-5]. 

2. Materials and methods 

FSW welding of unequal materials was performed between 
AW5083 (AlMg4.5Mn0.7) and AW6082 (AlSi1MgMn) alloys. The 

welded plates had a constant thickness of 10 mm. The chemical 

composition of welded alloys is given in Tab.1.  

Table 1: Chemical composition of alloys in wt.% , Al - balance 

alloy Si Fe Cu Mn Cr Ni Zn Ti Mg 

5083 0.075 0.14 0.033 0.60 0.068 0.002 0.33 0.053 4.35 

6082 0.85 0.32 0.01 0.62 0.18 - 0.12 0.08 0.75 

 

The mechanical properties of welded alloys are given in Tab.2. 

Table 2: Mechanical properties of welded alloys 

 Rp
0,2 

[MPa] Rm [MPa] A
5 
[MPa] 

AW 5083 237 330 16,3 

AW 6082 185 243 11,5 

 

The dimensions of the test plates machined for welding were: 

200×250×10 mm. 

Aluminum alloy AW 5083 contains magnesium and manganese 

as main alloying elements. Its advantage is high strength and 
hardness and therefore it is easy to machine by drilling, turning, 

milling. It has very good machinability, resistance to corrosion 
caused by seawater. It can be used in mechanical engineering for 

welded structures and foaming molds, for shipbuilding, tools and 
vehicle production. 

Aluminum alloy AW 6082 contains silicon, magnesium and 
manganese as main alloying elements. Due to the higher addition of 

silicon and manganese, it has good strength and hardness and, 
again,  is therefore easy to machine by drilling, turning and milling. 

It has good corrosion resistance, outstanding thermal conductivity 
and good anodizing. It is used in mechanical engineering for welded 

structures, for transport technology building and shipbuilding. 

The welding tool had a simple conical shape. It was made of 
tool steel X40CrMoV5-1. Shoulder diameter was ø25 mm, pin 

diameter ø12 mm, pin length 9.7 mm with 10° taper, Fig. 1. 

 

Fig. 1 Welding tool in 3D view 

 

Welding parameters are given in Tab.3. When testing the 

parameters, only the tool feed speed (welding speed) changed from 
100 mm/min to 60 mm/min. The tool rotation speed and angle of 

inclination of the tool were kept constant. 

Table 3: Sample welding parameters 

Sample 

number 
Tool rotation speed 

(rpm) 
Welding speed 

(mm/min) 
Tool inclination 

(°) 

1 600 100 1.5° to 4.5° 

2 600 60 1.5° to 4.5° 

3 600 80 1.5° to 4.5° 
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The following tests were performed on the welds:  

1. Metallographic analysis of welds according to ISO 42 
0461 

2. Microhardness testing of welded joints according to 

ISO 9015-2. The hardness was measured by the Vickers 
method at a load of 200 g. Microhardness was evaluated 

in the base materials (BM), the heat affected zone (HAZ) 

and in the weld metal (WM). The microhardness of the 
test specimens was evaluated on electropolished 

metallographic sections. A Shimadzu HMV 2 hardness 
tester was used for this test. 

3. Transverse tensile test according to ISO 4136. A universal 

tensile test machine Instron 8806 was used. 3 samples 
from each welded plate were tested in the experiment. 

3. Results 

The appearance of the welds is shown in Fig. 2. 

   

Fig. 2 Sample No.1 (left), sample No.2 (middle), sample No.3 (right) 

 

From Fig. 2, it can be seen a gap on sample No. 2 after welding, 

which indicates unmixed materials. 

The hardness of the joints across all weld areas is given in 

Tab.4. 

Table 4: Microhardness of welds HV 0.2 

Sample BM HAZ WM HAZ BM 

1-1 83 81 85 80 82 

1-2 82 82 83 82 82 

1-3 83 81 84 81 83 

2-1 - - - - - 

2-2 - - - - - 

2-3 - - - - - 

3-1 82 80 84 81 82 

3-2 81 80 85 81 83 

3-3 82 82 84 82 83 

BM – base material, HAZ – heat affected zone, WM – weld metal 

In sample No. 2, the microhardness measurement was not 

performed due to the presence of cavity in the weld metal. Based on 
the measured values, it can be stated that the microhardness values 

of the welded joints varied within the range of 80 to 85 HV0.2. 
HAZ showed minimum average values of 81 HV0.2. The base 

materials had an average microhardness value of 82 HV0.2. The 

maximum value of microhardness was shown by the weld metal, 
namely 84HV0.2. Differences in joint hardness in different joint 

areas are negligible. This indicates a minimal temperature influence 
of the material during welding 

From a macroscopic point of view, a small volume of material 

can be observed on the specimens squeezed out of the weld site 
above the level of the material. The main causes of these defects 

may be excessive immersion of the welding tool in the weldment. 

Such a weld joint may have an unacceptable appearance, requiring 
additional mechanical machining of the surface, but nevertheless 

the strength properties may be satisfactory.  
 

The results of the tensile test of the welded joint are given in 
Tab.5. The results are the average of 3 measurements.  

Table 5: Tensile test results 

Sample Rp0.2 [MPa] Rm [MPa] A5 [%] Location of failure 

1 192 282 14 WM 

2 66 77 5.6 WM 

3 198 285 14 WM 

 

Based on the tensile tests of the welded joint in the transverse 
direction, it can be stated that the minimum values of tensile 

strength reached the samples made of plate No. 2. The reason was 

poor weld quality, the presence of internal defects, insufficient 
mixing and joining of materials. Samples made from plates No. 1 

and 3, where the welding speed was 100 and 800 mm/min 
respectively, showed the highest average values. Destruction of all 

samples occurred in the weld metal. 

Sample No.1: Figs. 3 - 5 show metallography analysis 
(macroscopic and microscopic view) of sample No.1.  

  

Fig. 3  Sample No.1 macroscopic view, indication of positions for 

microscopic observation 
 

  
Fig. 4 Microscopic view, position 2 (left) and position 5 (right) 

 

  
Fig. 5 Microscopic view, position 8 (left) and position 9 (right) 

 

From Fig. 3-5 is clear, that both materials were thoroughly 
mixed during welding. The boundary between the base material and 

the mixed area cannot be distinguished microscopically. 

Sample No.2: Figs. 6 - 8 show metallography analysis 

(macroscopic and microscopic view) of sample No.2.  
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Fig. 6 Sample No.2 macroscopic view, indication of positions for 

microscopic observation 

 

   

Fig. 7 Microscopic view, position 4 (left), position 5 (in the middle) and 

position 12 (right). 
 

  

Fig. 8 Microscopic view, position 10 (left) and position 3 (right) 
 

When observed with the naked eye of sample No.2, it is 

possible to see a surface defect in the weld. The surface gap along 
the weld line was probably due to the low welding speed. 

Microscopic view of sample  No.2 in Figure 7 (positions 12 and 5) 
shows unmixed materials in the weld metal. 

Sample No.3: Figs. 9 - 11 show metallography analysis 

(macroscopic and microscopic view) of sample No.3. 

 

Fig. 9 Sample No.3 macroscopic view, indication of positions for 

microscopic observation 
 

  

Fig. 10 Microscopic view, position 1 (left) and position 4 (right) 
 

  

Fig. 11 Microscopic view, position 6 (left) and position 9 (right) 
 

There is no microscopically distinguishable interface between 

the base materials and the mixing zone, there is a perfect mixing of 
the welded materials without the presence of defects and cavities, 

positions 1, 4 and 9, Figs. 10, 11. The surface of the sqeezed 
material (position 12) has a sawtooth character indicating a gradual 

uniform  plastic deformation of the material surface during welding. 

4. Conclusion 

Different microhardness and tensile test results could be 
observed on the test specimens made from aluminum alloys 
AW5083 and AW6082, which had different process parameters. 
The increased hardness above the weld zone is directly influenced 
by grain refinement. In the case of specimen 2, the presence of 
defects on the weld surface could already be observed after visual 
inspection. The microstructure of the individual materials was 
similar for all the samples examined. The maximum average values 
of the mechanical properties were exhibited by sample 3, where the 
welding speed was at the middle values of all the examined 
samples. Recrystallization of the material occurred in the core of the 
weld for all specimens. The material that was at a greater distance 
was only thermally affected, without recrystallization. Based on the 
set of metallographic images, it can be argued that the 
microstructure in the weld is not homogeneous.  
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