
 756

 
Russian Physics Journal, Vol. 58, No. 6, October, 2015 (Russian Original No. 6, June, 2015) 

STRUCTURE AND HARDNESS OF 01570 ALUMINUM ALLOY 

FRICTION STIR WELDS PROCESSED UNDER DIFFERENT 

CONDITIONS 

R. R. Il’yasov,1 E. V. Avtokratova,1 M. V. Markushev,1  UDC 538.91 
P. Yu. Predko,2 and V. Yu. Konkevich2  

Structure and hardness of the 01570 aluminum alloy joints processed by friction stir welding at various speeds 
are investigated. It is shown that increasing the traverse tool speed lowers the probability of macrodefect 
formation in the nugget zone; however, this can lead to anomalous grain growth in the zone of contact with the 
tool shoulder. Typical “onion-like” structure of the weld consisting of rings that differ by optical contrast is 
formed for all examined welding regimes. It is demonstrated that this contrast is caused by the difference in the 
grain sizes in the rings rather than by their chemical or phase composition. Mechanisms of transformation of 
the alloy structure during friction stir welding are discussed.  

Keywords: aluminum alloy, friction stir welding, microstructure, microhardness.  

INTRODUCTION  

The process of friction stir welding (FSW) that has been developed relatively recently [1– 3] is a highly 
effective method of solid-state joining of metals and alloys, including aluminum-based alloys, as demonstrated by the 
existing practice of its industrial application [4, 5]. Despite active investigations performed in many countries, the 
nature of structurization during FSW is still unclear in many respects. Meanwhile, the knowledge of mechanisms and 
regularities of the structural and phase transformations of materials being joined as a function of their initial state and 
welding parameters is important and is in fact necessary for a clear understanding of the essence of the process, its 
effective application, and further development.  

The aim of the present work is to investigate the influence of FSW regimes of 01570 aluminum alloy sheets of 
the Al–Mg–Sc–Zr system on the microstructure and hardness of the welds.  

MATERIAL AND METHODS OF RESEARCH 

Hot-rolled sheets of the 01570 aluminum alloy (with composition, in wt.%: Al –5.91Mg – 0.42 Mn – 0.24 Sc – 
0.1 Zr) were welded with different tool traverse speeds (and constant tool rotation rate) at the Special Design Bureau 
“Salyut.” Qualitative and quantitative analysis of the alloy structure in the joints was performed in the traverse plane by 
the standard methods of optical metallography (OM) and scanning and transmission electron microscopy (SEM and 
TEM, respectively). The macro- and microstucture was examined for specimens etched in Keller’s reagent using 
a Nikon L150 optical microscope. The dislocation structure was investigated using a JEOL-2000EX transmission 
electron microscope. An electron backscattered diffraction (EBSD) analysis was carried out using a TESCAN MIRA 3 
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CONCLUSIO
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3. The ultrafine-grained structure of the FSW joint is formed during continuous dynamic recrystallization 
directly in the process of interaction of the tool with the material being welded and is followed by the normal grain 
growth during cooling of the joint.  
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