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Abstract

The objectives of this research were to study the effect of tool geometries ; a cylindrical tool pin, a triangular tool
pin, and a square tool pin on mechanical properties and metallurgical structures of AA 5083 aluminum alloy using
submerged friction stir welding. The parameters of this research were the rotation speed of 1000, 1400 and 2000
rom and the welding speed of 80, 112 and 160 mm/min, respectively. The results showed that the cylindrical tool
pin at the rotation speed of 2000 rpm and welding speed of 112 mm/min provided the highest tensile strength at
101.23 MPa, and joint efficiency at 37.08 percent. While the rotation speed of 1400 rpm and the welding speed of 160
mm/min from the square tool pin had the average minimum tensile strength at 76.54 MPa. At the stirring zone, the
average hardness was 44 HVO_1 from the cylindrical tool pin. The microstructures, formed as Mgzsi and Ale(Mn, Fe)

compounds, were subjected to mechanical and thermal forces, resulting in smaller particles and phase shaping to
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AISFe compounds and Al(Fe)Si phases. In addition, for welding area of a cylindrical tool pin, small cracks in the bottom

of the weld were found. Likewise, in triangular and square tool pins, large cracks were found below the weld. It was

also shown that gaps were in in the triangular tool pin in the retreating heat-affected zone while non-stick lines were

found in the square tool pin in the middle of the weld.

Keywords: Submerged friction stir welding, AA 5083 aluminum alloy, Tool geometry, Microstructure, Mechanical

properties.
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Table 3 Parameters in Submerged Friction Stir
Welding with AA 5083 aluminum alloy
Level
Parameter
1 2 3
Rotation Speed 1000 1400 2000
Welding Speed 80 112 160
Tool geometry Cylinder Triangle Square
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Figure 3 The specimen for tensile test following ASTM
E8M standard ASTM (International. November, 2019b)
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Bendina specimen

Figure 4 Three point bending test on specimen
following ASTM E290-14 standard (ASTM International.
November, 2019a)
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Figure 6 Characteristics of welding from top view surface

using a cylindrical tool pin at rotation speed 2000 rpm and
welding speed: (a) 80, (b) 112 and (c) 160 mm/min
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Table 4

J Sci Technol MSU

Average tensile strength of specimen under various weld conditions

Rotation Speed (rpm)

Tool geometry Welding Speed (mm/min)

1000 1400 2000

80 86.78 93.00 97.71
Cylinder 112 83.07 93.71 101.23
160 87.02 92.60 95.99

80 80.27 88.33 92.69

Triangle 112 81.00 87.41 91.06
160 84.51 92.35 91.28

80 89.58 82.98 84.64

Square 112 81.61 83.60 79.87
160 79.33 76.54 80.10

* Note: Base tensile strength of AA 5083 aluminum alloy is 273 MPa
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(Lack of Penetration) S4WaLAAINUAIUNIBILTIA
AARIDEINTEEINTY (Meengam & Sillapasa, 2020)
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Bending results of submerged friction stir welded of AA 5083 aluminum alloy

Tool geometry Welding Speed (mm/min)

Face bending

Root bending Location of broken

80 Accept Accept No broken
Cylinder 112 Accept Accept No broken

160 Accept Accept No broken

80 Accept Reject Crack in SZ, TMAZ
Triangle 112 Accept Reject Crack in SZ

160 Accept Reject Crack in SZ

80 Accept Reject Crack in SZ
Square 112 Reject Reject Crack in SZ

160 Reject Reject Crack in SZ
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Figure 9 Hardness of welded specimen at different
tool geometries of submerged friction stir welded joint of
AA 5083 aluminum alloy
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Figure 11 Microstructures of welding using the cylinder tool pin with the rotation speed at 2000 rpm

and welding speed at 112 mm/min
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Figure 13 Microstructure welding using square tool pin with the rotation speed at

2000 rpm and welding speed at 112 mm/min
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AA 5083 aluminum alloy with submerged friction stir welding
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Figure 15 The energy-dispersive x-ray spectroscopy analysis of

AA 5083 aluminum alloy with submerged friction stir welding
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