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THE MORPHOLOGY ANALYSIS OF THE STRUCTURE ALUMINUM
ALLOY AT FRICTION STIR WELDING

Plitchenko S., Engineer in Department of the Applied Mechanics and
Material Science, Dnipro National University of Railway Transport named after
the Academician V. Lazaryan.

Vakulenko 1., D.T.S. (D.E.S.), Professor in Department of the Applied
Mechanics and Material Science, Dnipro National University of Railway Transport
named after the Academician V. Lazaryan.

The main components of friction stir welding process of an aluminum-based alloy (AMg6)
are considered. As a result of passage working tool along of connecting edges, formation a
temperature gradient on their thickness determines development processes of structural changes.
Based on this, in different layers of the weld, in accordance with the heating temperature, a
different degree of plasticization alloy is achieved. Separate structural zones of the welded joint
and their influence on the value of hardness are considered. The observed asymmetry of the weld
is determined by the direction of rotation working surfaces of the tool. Based on the analysis of
results of studies for the AMg6 alloy, an explanation is proposed for the formation gradient
structures in the weld zone during friction stir welding.

Key words: morphology analysis, material structure, material properties, friction stir welding.

Problem statement. The friction stir welding (FSW) [1] is one of the
varieties friction welding technologies, having a fairly promising use. That is why
it IS necessary to investigate this process from forensic expertise’s point of view.

The process of welding metal is carried out in solid phase. At that time, a high
quality weld with mechanical characteristics is formed, which can be regulated in a
wide range. When using FSW, in comparison with electric arc welding technology,
a number of significant advantages are manifested: prevention of hot cracks;
narrow zone of thermal influence; fine-grained structure; the absence of shrinkage
shells, porosity, etc. Thus, welding in the solid phase allows to prevent defects of
cast structure in the weld zone, which helps to improve quality of weld.

The disadvantages of the technology FSW, at modern development, include:
the need for rigid fastening welded parts, the appearance of holes at beginning and
end of the weld, the need for design and manufacture of special tools. The
complexity of forming stressed seam and the inability to weld materials with low
ductility even at high temperatures of deformation, limit use of this technology.
Moreover, the friction stir welding is especially sensitive to the selection of
technological parameters: the rotation frequency of the working tool, the speed of
its movement along the edges, the providing constant pressure of the tool on
workpiece during welding.

Material and methodology of research. The research material was an
aluminum-based alloy (grade AMg6) with a chemical composition of 6.5% Mg,
0.85% Mn, 0.13% Fe, 0.135% Cu, and the rest was Al. The 3 mm thick plates were
butt-joined using technology of friction stir welding using specially developed
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equipment, which made it possible to change the welding technological parameters
in a wide range of values.

Macro- and microscopic studies were carried out using methods of
quantitative metallography using a light microscope of Epiquant type.

To identify the structure of alloy used Keller’s etchants (1% HF, 2.5% HNO, ,

1.5% HCl and 95% H, O) and a solutions of HF and HCI acids with water.

Results and discussions/

The implementation of friction stir welding technology (Fig. 1) is provided by
the allocated energy of friction from interaction of the working tool surfaces with
the edges of connected elements [2-4].

The occurrence of friction forces ensures achievement of the required degree
heating of welded edges to temperatures sufficient to accelerate the diffusion mass
transfer processes and, as a consequence of that, the formation of a directed flow of
plasticized metal (Fig. 1). The process of structure formation is quite sensitive to a
number of factors, the main of which are the heating temperature, the degree of
turbulent mixing metal of edges [5-7].

Thus, taking into account dependence of quality the welded joint on temperature
and degree mixing of the alloy, there is a need for more in-depth study of the
influence technological parameters of FSW on the processes of structure formation.

Considering that the quality of the welded joint during FSW depends on the
formed structure in the joint zone, studying microstructure formation mechanism,
and degree of metal mixing during plastic flow are actual tasks.

Fig. 1 — The scheme process of friction stir welding (1 — working tool; 2 — pin; 3, 4 —
the sides of the retreating and advancing of the tool on the edges; 5 — plasticized metal flow)

Similar to traditional electric arc welding technologies, the structure of the
seam and zone near it at FSW have a higth heterogeneous [2, 7, 8]. This is
explaining as a result of the passage of working tool, a temperature gradient
necessarily arises along by thickness of the connecting edges. Based on this, one
should expect for different layers of the weld metal, in accordance with the heating
temperature, the formed a different degree of plasticization of the alloy. This
position is confirmed by formation of metal volumes with a certain morphology
and specific orientation of structural components (Fig. 2). Indeed, the illustrated
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cross-sectional structure of the welded joint of AMg6 alloy in thickness consists of
qualitatively different zones.

The formed asymmetry of zones relative to the seam line deserves certain attention
and the observed preferential orientation of the metal volumes is determined by rotation
of working tool. Depending on the direction of rotation tool and its movement along the
welded edges, the differences in distribution of metal indicate the need to classify the
sides of seam. The edge of workpiece and volume of seam at which the direction of
rotation tool coincides with its longitudinal movement (figure 1, designation 5) are
considered to be the advancing side. For the edge, when direction of rotation and welding
are opposite, they are called the retreating side (Fig. 1, designation 3).

The metal in the weld nugget is subjected to significant thermomechanical effects
and characterized by a sufficient plastic strain for development of «insitu»
recrystallization. In this volume, the key factors that determine mechanical properties
are the heating temperature and the cooling rate of metal. In addition to dynamic
recrystallization, during the period of termination of the working tool, the development
of static collective recrystallization can significantly increase size of grain metal.

nugget; 3 —thermo-mechanical affected; 4 — heat-affected), x100

Considering that the allotropic transformation is absent in AMg6 alloy, the
cyclic nature of recrystallization may be the only factor capable of changing
structure. If before welding the alloy had structure after annealing, then the
hardness in weld area should be similar to value base metal. Based on this, grain
size is the main factor capable of changing hardness values. If the base metal is in a
state after strain hardening, then the development of recrystallization should lead to
a decrease in hardness in proportion to the temperature of the metal. The presence
of a substructure can be considered as an additional factor in the increase in the
strength characteristics of the metal at different distances from the connection line.

The central part of seam has a fine-grained recrystallized structure with
maximum hardness values. The observed softening of the metal in proportion to
distance from the weld nugget indicates the need for further research.

The next after the nugget is zone of thermo-mechanical affected (TMAZ),
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with a microstructure consisting of highly deformed and elongated grains in the
direction of flow plasticized metal under action of working parts of the tool. In this
zone, closer to the border with the heat affected zone (HAZ), the hardness
decreases sharply, reaching a minimum, although the microstructure in the HAZ
remains similar to base metal. Further, the hardness begins to gradually increase to
the level values of metal without heating from deformation during FSW.

Conclusions. Based on the studies, the structural heterogeneity of alloy over
the thickness of the weld is revealed, when welding by friction with stirring, which
indicates development of rather complex processes that lead to a change in internal
structure. An analysis of the nature of influence dimensional factor of structure
elements of the alloy on the hardness level in micro volumes indicates existence in
the heat-affected zone with a qualitatively different ratio.

Considering the multiphase structure of alloy under study, the simultaneous
temperature and strain action during FSW is apparently capable changing the phase
ratio so that effect of phase transformations can exceed the effect of shredding
structural components. As a result, in such micro volumes, one can actually expect
decrease in microhardness with increasing phase dispersion.

This results are important for analysing surface material levels vehicles’ parts
from the forensic expertise’s point of view to determine the processes that caused
structure transformation during the object operation, and to access the influence of the
technological treatments to the reliability level of the investigated object.
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