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In this study, the effect of tool pin geometry on the mechanical and microstructural changes in the weld region
and near it was investigated in the Friction Stir Welding process of butt joint of GOST 4784-97 aluminum
alloy, using two types of threaded conical and cylindrical tool pins. To study the microstructure, a
metallographic analysis using optical microscope and scanning electron microscope was used, and a tensile
and micro hardness tests were used to investigate the effect of pin rotation on the mechanical properties of the
joint. The results of the metallographic survey show a smooth and polished surface of the welded specimens
with fine threaded cylindrical pin. The EDS analysis indicates the precipitates of aluminum, magnesium,
manganese and iron in bright colors and the precipitates of oxygen, magnesium, aluminum, and silicon in the
dark colors in the images. The micro-hardness analysis has shown that the highest degree of hardness in the
weld region is obtained by coarse threaded cylindrical tool; and its reason was hard mechanical work and high
temperature during the welding process, which led to the formation of very fine grains by the dynamic
recrystallization mechanism, in the stir region. The tensile strength of all welded specimens was greater than
the tensile strength of the base metal; and indicates that there are no imperfections in the welds, as well as an
appropriate microstructure in frictional stir welding that improves the mechanical properties of the welded
area.
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Table 1 Base metal chemical composition

5T Al Si Mn Mg Zn Ti Cu Fe

Al 92/4 0/105 0/58 6/46 0/055 0/42 0/018 0/175
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Table 3 Chemical composition of hot steel working 2344

Cr Mo Si \Y% Mn C

1/5 13 1 1 0/4 0/39
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Table 4 Characteristics of the geometry of the tools used
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Table 6 Basic metal tensile test results
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Fig. 1 The diagram of the weld tensile test performed by the cone pin:
A - the velocity of 16 mm / min B- the velocity of 32 mm / min
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Fig. 3 Microstructure of the welded sample: A- With a forward speed of 16 mm / min (pin 2) B- A forward speed of 32 mm/ min (pin 3) C- Speed of
16 mm / min (pin 5) D- 32 mm/ min (pin 6) E- speed 16 mm / min (pin 1) F-speed 32 mm / min (pin 4)
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Table 7 Average grain size in different welding regions in micrometers
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Fig. 5 The effect of the pin type on the variations of the aluminum
hardness distribution: A- The forward speed is 16 mm / min B- The
forward speed is 32 mm / min
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Fig. 4 The effect of the tool's velocity on the variations of the hardness
distribution: A- The speed of the advance is 16 mm (pin 2) and 32 mm
(pin 3) B-The speed of advance is 16 mm (pin 1) and 32 mm (pin 4) C-
The speed of the advance is 16 mm (pin 5) and 32 mm (pin 6)
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Fig. 7 An image of a scanning electron microscope with a speed of 16
mm / min on a cone pin: A-point analysis by EDS method. B-point
analysis by EDSEDS method.
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Fig. 6 Image of the scanning electron microscope Pin cone with a
speed of advance of 16 mm / min: A- Welding zone (SZ) B- Heat and
mechanically affected area (TMAZ) C- Heat-affected area (HAZ)
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Fig. 9 Scanning electron microscope Screw threaded cylindrical pin
with advance speed of 32 mm / min: A-point analysis by EDS method.
B-point analysis by EDS method

b 50 095y &l Wlyinsl G gy S5 oSy Seo pgas 9 Y
-G EDS g, a0 A alais 50T -l laids p pie Jue 32 (g9 1ty
EDS g, 4 B alasi 3JUT

9 o lesis 6 055 1398 situwl ol pl 3us5 9 el wliie

Fig. 8 Scanning electron microscope Screw threaded cylindrical pin
with advance speed of 16 mm / min: A-point analysis by EDS method.
B-point analysis by EDS method
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