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In this paper, the microstructural and mechanical properties as well
as the defects in the joining of aluminum sheets using the friction
welding method are investigated. First, the microstructural
properties of the friction stir welding zone are investigated, and
then the effect of process parameters on the microstructural
properties is discussed. The grain size in the stir zone was greatly
improved compared to the base metal, which resulted in the
improvement of the mechanical properties in this zone. Then, the
effect of process parameters on the grain size was investigated.
Welding defects, which is one of the most important reasons for
joint failure, were investigated and the effect of tool pin profile and
process parameters on the formation of defects in the welding area
were discussed. For instance, by using the rotational speed of 500
rpm, a defect-free joint can be produced by the threaded pin even in
the traverse speed of 500 mm/min, while the amount for the square
and triangular pin profiles were 400 and 315 mm/min, respectively.
Finally, the hardness of the welded area was studied in different
samples. The hardness of the weld metal was lower than that of the
base material due to the annealing of hardness which was generated
as a result of primary rolling process. The hardness decreased by
increasing the ratio of rotational speed to tool traverse speed.
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EXTENDED ABSTRACT

Introduction

The friction stir welding method is a relatively new method for joining different alloys,
particularly aluminium alloys. Most of the research undertaken in connection with this method
was carried out on different aluminium. In this method, due to low input heat and melting of the
base alloy, some of the problems of melting methods were greatly reduced.

In the present study, welding of 5083 aluminum alloy using the friction welding method was
carried out. In addition, the mechanical properties of the resulting joint and the effect of various
parameters of the welding method such as tool shape, rotational and advancing speed on weld
properties such as microstructure, defects, and hardness were evaluated in order to determine
the appropriate initial parameters.

Methodology

The authors designed the tools based on previous research. Four tools made of hot work steel
2344 were used in this process, all of which had a shoulder diameter of 20 mm and a different
pin shape. The dynamic diameter of the pin in all tools was 5 mm and its height 4.8 mm. The tilt
angle of the fixed tool was 3 degrees. The penetration depth of the tool was measured from the
point of contact of the tool shoulder with the surface of the workpiece (Fig. 3). The penetration
depth was constant and 0.5 mm in all tests.

The microhardness of the welded specimens was measured in addition to the cross-section
perpendicular to the process path and at a distance of 2 mm from the specimen surface. The
applied load was 200 grams and the application time was 15 seconds.

Results and discussion

Figure 1 shows the surface quality of the welds produced. The surface of the sample welded
with the T1 tool at rotational speeds of 500 rpm and 500 mm / min is shown in Figure 1a, and
the part of the image with higher magnification is shown in Figure 1b. The steps of the tool are
visible in the Figure 1b. The surface of the welded specimen at rotational speeds of 500 rpm and
50 mm / min is shown in Figure 1c. By increasing the forward speed at a constant rotational
speed, or in other words by reducing the ratio of rotational speed to advancing speed, the
movement steps of the tool on the workpiece become larger and surface quality reduced. At low
traverse speeds, the steps were interconnected and the surface of the part appeared uniform.

(a) (b)

Figure 1. Surface of the sample welded with the T1 tool at rotational speeds and advances of 500 rpm
and 500 mm / min, (b) Magnification of the area shown, and (c) Surface of the sample welded with the
T1 tool at the rotational and traverse speeds of 500 rpm and 50 mm / min
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The hardness curve for welded specimens welded with threaded, square, and triangular
conical tools is shown in Figure 2. These welds were produced at rotational speeds of 500 rpm
and 315 mm/min. The average hardness of the threaded tool was higher than other tools, and
the sample welded with the conical triangular tool had a lower average value and a higher rate of
change (fluctuations) in its hardness. This was due to the non-uniformity of its microstructure
and the presence of defects in the welding section.
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Figure 2. Hardness change curves for welded specimens

Conclusion

In this paper, the effects of friction stir welding parameters on the properties and defects
formed by the welding of 5083 aluminum are investigated. The parameters of tool shape,
rotational speed, and traverse speed were investigated as the main parameters in the production
of joints and the following results were obtained.

e As the traverse speed increased, the hardness in the SZ increased and the average
hardness in the SZ reached the highest for threaded tools (about 95 V) and lowest for
triangular tools (about 85 V).

¢ Interms of welding defects, simple triangular and tapered triangular tools created more
defects, and this phenomenon also occurred at low forward speeds. For conical
triangular tools, even in the rotational velocity ratio of 2.5, in the welding sample, tunnel
and non-hollow defects were observed.
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