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Abstract
Friction stir welding (FSW) of two AA6082 plates was studied by microstructural and nanoindentation investigation. FSW parameters were so that it can be considered as high heat input
process. Banded structure usually known as onion rings were observed in the advancing side of
the nugget. The microstructure of this area was precisely investigated and it was found that
onion rings contain two different grain sizes and manifested in two different contrasts of dark
and bright bands by optical metallography. EBSD study revealed also different crystallographic
orientation in the bands. Hardness measurement using nano-indentation passing over the bands
showed some fluctuations which did not necessarily matched with the grain size changing.
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1.

Introduction

Friction stir welding was invented by The Welding Institute in 1991. It is a solid-state joining
process which is a good alternative for alloys with high hardness and non-weldable alloys [1, 2].
Good mechanical properties can be exploited by eliminating defects such as voids and lack of
penetration [1, 3]. This requires more in-depth understanding of the material flow, the
deformation extent and the heat transfer in the weld nugget. Onion rings observed in the nugget
of the FSW have been subjected to many investigations; however a general unique definition of
their nature is still missing. In spite of that, researchers agree that onion rings are the result of
the tool’s advancing and rotation. For example, Krichnan and Threadgill explained that the
formation of onion rings is due to the frictional heat caused by the rotation of the tool and the
flow of the material to the retreating side [4, 5]. This thermomechanical phenomenon finally
results to a banded structure which depending on the material and process conditions can be due
to difference in grain size, grain orientation, precipitation difference or chemical segregation.
For example, in 6061-T6 alloy, it was suggested that the difference between the banded
structures is due to an unequal distribution of secondary phase particles. The dark layer is a
"particle-poor" layer and the light one is a "particle-rich" layer [6]. Mahoney et al. found
differences in grain size between the banded structure [7]. Optical microscopy images done in
this work show alternated bands with large grains in one band and with small grains in the
adjacent one. EBSD analyses were performed to investigate differences in grain orientation
between layers and also between the onion rings and the adjacent area. Hardness of the onion
rings area was also measured to study the difference in mechanical properties between the light
and dark bands.
2.

Experimental Procedure

In this study, two plates of 6082-T6 aluminum alloy were friction stir welded. The thickness of
the plate was 4 mm. The chemical composition of the alloy is presented in Table 1. A trigonal
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