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1. INTRODUCTION

The grain size is basically influences the mechanical properties of welded joints.

During friction stir welding (FSW) different grain sizes occur on the welded joint as 

a function of wall thickness and joint zones [1] [2]. The main goal is to reach the 

fine grained structure in whole joint. According to the literature [3] [4] [5] the 

dynamic recrystallization (DRX) can occur during friction stir welding and it can 

cause extra fine grains. This can be determining for the aspects of tool design and 

technological parameter optimization. The weakest part of a friction stir welded 

joint is the root because the circumstances are not always good for dynamic 

recrystallization, so coarser grains are appeared there. Therefore the investigation of 

dynamic recrystallization on the root side is important for technological parameter 

optimization.  

2. MATERIALS

During the experiments examinations of the material structure were in focus.

Two aluminium alloys were examined for comparison: a heat treatable AlMgSi 

alloy (6082-T6) and a non-heat treatable AlMg alloy (5754-H22). The heat treatable 

alloy was an extruded profile often used in the industry; the non-heat treatable alloy 

was a rolled sheet. Table 1 shows the chemical compositions and table 2 shows the 

mechanical properties of base materials. 

Table 1. 

Chemical compositions of base materials (weight %) 

Base material Al, % Mg, % Si, % Fe, % Mn, % Condition 

6082 97,3 0,56 1,11 0,23 0,51 T6 

5754 95,8 2,78 0,29 0,36 0,37 H22 

Table 2. 

Mechanical properties of base materials 

Base material Rp0,2, MPa Rm, MPa A50, % Condition 

6082 266 305 22 T6 

5754 180 234 17 H22 
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3. DYNAMIC RECRYSTALLIZATION 

 

For different materials the occurring of dynamic recrystallization requires 

different temperature, strain rate and strain. It highly depends on alloying and 

manufacturing process of base material. So same technological parameters and 

FSW tool normally are not good for every aluminium alloy. Therefore different 

base materials require different technological parameter combinations to reach the 

dynamic recrystallization.  

During FSW the DRX can occur especially in the weld nugget (fine-grained 

zone), but on the root side coarser grains occur. The reason of this can be the 

unsufficient values of temperature, strain rate and strain. The FSW joints have very 

good mechanical properties because the fine-grained structure on the weld nugget. 

These mechanical properties can be improved by fine-grained root side, but 

important to know critical temperatures, strain rates and strains here. 

The DRX can be investigated by hot compression tests which results a true stress 

– true strain curve. The DRX can be occurring when on the true stress – true strain 

curve after the elastic deformation the stress reaches the maximum value during hot 

compression. The recrystallization must be started before the maximum stress value 

[6], so a critical stress and strain value can be determinate. The other basic method 

of the DRX determination is the measure of the grain sizes after hot compression 

tests. If the dynamic recrystallization occurs the grain size will smaller than 

original. 

 

4. TESTING CONDITIONS 

 

The hot compression tests were made with Gleeble 3500 physical simulation 

equipment. The 6082-T6 test pieces made from the extruded profile, the direction 

was perpendicular to the extruding direction. The 5754-H22 test pieces made from 

the rolled sheet, the direction was perpendicular to the rolling direction. The 

diameter of test pieces was 10 mm, the length was 15 mm.  

Tests were made with previously measured [7] welding slow and fast heat cycle 

on the root. On the fast heat cycle we used additional cooling on the root side which 

can decrease the grain size and it can influence the DRX. The fast heat cycle 

required additional air flow cooling. The testing peak temperature was 250 °C. The 

strains were 0,1 [mm/mm]; 0,5 [mm/mm]; 1 [mm/mm]. The strain rates were 0,1 s-

1, 0,5 s-1 and 1 s-1. After hot compression tests we got true stress – true strain curves 

where we can find the critical stress and strain values for DRX. We use the Poliak – 

Jonas method [8] [9] to determine these critical values.  After this the grain sizes 

were measured by optical microscope.  

 

5. RESULTS 

 

After hot compression tests we determine the critical stress and strain values and 

the grain sizes were measured. Table 3 summarizes these results: 

 

 



Table 3. 

Results of hot compression tests 

Nr. 
Base 

material 

Strain 

[mm/mm] 

Strain rate 

[1/s] 

Heat 

cycle  

Critical 

stress 

[MPa] 

Critical 

strain 

[mm/mm] 

Grain 

size 

[µm2] 

1.1 5754-H22 0,1 1,0 slow - - 25,7 

1.2 5754-H22 0,5 1,0 slow - - 29,3 

1.3 5754-H22 1,0 1,0 slow - - 34,3 

1.4 5754-H22 0,1 0,5 slow - - 27,4 

1.5 5754-H22 0,5 0,5 slow - - 29,2 

1.6 5754-H22 1,0 0,5 slow - - 31,3 

1.7 5754-H22 0,1 0,1 slow - - 36,2 

1.8 5754-H22 0,5 0,1 slow - - 38,9 

1.9 5754-H22 1,0 0,1 slow - - 42,2 

2.1 5754-H22 0,1 1,0 fast - - 33,7 

2.2 5754-H22 0,5 1,0 fast - - 36,1 

2.3 5754-H22 1,0 1,0 fast - - 38,9 

2.4 5754-H22 0,1 0,5 fast - - 33,6 

2.5 5754-H22 0,5 0,5 fast - - 33,7 

2.6 5754-H22 1,0 0,5 fast - - 36,2 

2.7 5754-H22 0,1 0,1 fast - - 29,2 

2.8 5754-H22 0,5 0,1 fast - - 31,3 

2.9 5754-H22 1,0 0,1 fast - - 36,1 

3.1 6082-T6 0,1 1,0 slow not definable 258 

3.2 6082-T6 0,5 1,0 slow no DRX 257 

3.3 6082-T6 1,0 1,0 slow no DRX 460 

3.4 6082-T6 0,1 0,5 slow not definable 124,6 

3.5 6082-T6 0,5 0,5 slow 208 0,062 137 

3.6 6082-T6 1,0 0,5 slow 166,8 0,049 192,4 

3.7 6082-T6 0,1 0,1 slow not definable 144,3 

3.8 6082-T6 0,5 0,1 slow 153,0 0,024 130,5 

3.9 6082-T6 1,0 0,1 slow 156,9 0,069 119,2 

4.1 6082-T6 0,1 1,0 fast not definable 274,2 

4.2 6082-T6 0,5 1,0 fast no DRX 274,1 

4.3 6082-T6 1,0 1,0 fast no DRX 391,7 

4.4 6082-T6 0,1 0,5 fast not definable 62,6 

4.5 6082-T6 0,5 0,5 fast 207,4 0,034 105,4 

4.6 6082-T6 1,0 0,5 fast 206,5 0,038 125,3 

4.7 6082-T6 0,1 0,1 fast not definable 124,6 

4.8 6082-T6 0,5 0,1 fast 193 0,070 119,2 

4.9 6082-T6 1,0 0,1 fast 187,4 0,062 144,4 

 

As we can see the table 3 does not contain critical stresses and strains for 5754-H22 

base material because with these testing parameters the DRX cannot occurs. In case 

of 6082-T6 the DRX occurs but not in every case. 



Figure 1 shows the grain sizes as a function of strains with different strain rates and 

heat cycle on 5754-H22 alloy.  

 

 
Figure 1. 

Measured grain sizes after hot compression tests on 5754-H22 alloy 

 

The figure clearly shows the increasing of strains results slightly grain coarsening. 

The initial average grain size of this base material is ~28 µm2, and larger sizes were 

measured, so this is evidences the lack of recrystallization. The faster heat cycle 

results smaller grain sizes during tests. 

 

 
Figure 2. 

Measured grain sizes after hot compression tests on 6082-T6 alloy 



The initial average grain size of this base material is ~260 µm2. In case of 6082-T6 

alloy typically larger grain sizes occur with large strain rates both slow and fast heat 

cycle. It can be concluded that during FSW the lower strain rates preferable on the 

root side (e.g. application of lower rotational speed). In case highest strain rates the 

occurring of DRX cannot be definable. The possible explanation of this there is a 

critical value of strain to reach DRX [10]. This is an increasing value when the 

strain rate and/or temperature increase [10]. Hence, it can be assumed that the 

strains were insufficient in case of high strain rates. So these results show that 

preferable the lower strains and strain rates on the root side of the FSW joints (e.g. 

smaller tool pin diameter). Lower strain rates result fine-grained structure so the 

dynamic recrystallization probably occur. In case of 0,5 s-1 strain rate there is 

significant grain size difference between slow and fast heat cycle, but when the 

strain rate was 0,1 s-1 this difference is not significant. 

 

6. CONCLUSION 

 

The investigation clearly shows that in case of 5754-H22 the dynamic 

recrystallization cannot occur whit the application of slow or fast FSW root heat 

cycle and typical strains and strain rates. The grain size was smaller in case of fast 

root heat cycle. The 6082-T6 alloy has different reaction to hot compression tests, 

because lower strain rates results dynamic recrystallization both slow and fast root 

heat cycle. In case of 1 s-1 strain rate grain coarsening observed because probable it 

requires a critical strain which was not reached. 
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