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A Development of Optimizing Tools for Friction Stir Welding with
2mm Thick Aluminum Alloy using a Milling Machine
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Abstract

Friction stir welding is a solid phase welding process that does not melt the metal when welding.
The FSW is the most remarkable and potentially useful new welding technique that is still in
development. Friction stir butt welding process on 2 mm thick Al 1050 plates by utilizing a milling
machine was experimentally studied. With the optimized heat generating tool welds could be
achieved that are void and crack free. It was found that the friction stir welded tensile test

specimens failed in the HAZ outside of the weld metal, and that the tensile strength was above
90% of that of the base metal.
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Fig. 1 Schematic of FSW process.
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Table 1. Chemical composition of Al 1050

Chemical |[Cu{ Si | Mg |Zn | Mn |Fe | Ti | Al

composition
(wt%) |0-18{0.18/0.059/0.08|0.047|0.35/0.021/98.87
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Fig. 4 FSW using a milling machine.

Table 2 Dimensions of pin and shoulder of the
tool for the FSW experiment.

Sample Pin Pin Shoulder
No. lengthn diameter diameter
(1,mm) (d,mm) (¥,mm)
1 1.9 6,4,3 15,13,11
2 1.8 6,4,3 15,13,11
3 1.6 6,4,3 13,11
4 14 4,3 13,11
5 1.2 4,3 13,11
6 1.0 4,3 13,11
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Fig. 5 Undesirable friction stir weldments.
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Fig. 6 Front (a) and rear (b) faces of a friction stir
butt weldment made in 2mm'* Al 1050 plates
with the optimized tool (1.4' < 4.0¢ X 13¢).

Table 3 Tensile strength measurements of
friction stir welded Al 1050

Sample s’{f::élteh Sag;:);l)le Tensile
No. (Kg/mm?) (Kg/mm?) strength

1 9.160 6 9.018

2 9.300 7 9.311

3 9.323 8 9.214

4 9.790 9 9.122

5 9.210 10 9.916

(794)



WYL ol SR AIFES M TN EHE HHTFYY R AN LA B AT 95

(a)

(b)

Fig.7 Tensile test specimens welded by FSW ((a)
front face, (b) rear face).

Fig. 8 Fracture appearance of the tensile test
specimen welded by FSW, showing one in
heat affected zone(HAZ).
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