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ABSTRACT

Friction Stir Welding (FSW) is a well-established joining method that offers significant advantages over
traditional methods, including improved mechanical characteristics, less distortion, and environmental
friendliness. Due o its solid-state nature, the heat produced through the welding mainly influences the features
of joints in FSW. In this investigation, 2D and 3D models of the base metals and welding tool with different
pin profiles were designed using SOLIDWORKS. Fixture was designed and manufactured in accordance with
the specifications of the welding machine, ANSYS software was used to investigate the temperature
distributions near the weld zones. The base metals AA6101 and C11000 of each 5 mm thickness with butt
weld positioned, were joined by FSW mechanism with the help of OHNS steel tool with circular pin profile.
Taguchi analysis was employed to optimize the FSW welding input process parameters, including tool
rotational speed (rpm), feed rate (mm/min), and tool offset (mm), to determine their respective contribution
(%) to the output response, namely ultimate tensile strength, micro Vickers hardness, Charpy impact load, and
electrical conductivity to achieve the high joint strength. During experimental work using the Taguchi’s design
matrix, the maximum output response values were obtained when the input parameters were set to 1000 rpm,
50 mm/min and -1 mm. Taguchi analysis revealed that the tool rotational speed encounters high significance
effects, followed by feed rate and least tool offset upon output response.

The X-ray diffractometer test was employed to specifically determine the existence of intermetallic compounds
(IMCs) Al-Cu generated within the AA6101-C11000 joints, At medium 40 mm/min, 1000 rpm, and -1.68 mm,
the IMCs developed were AlsCus and AlLCus giving a high UTS value of about 142.69 MPa. Mathematical
model was developed utilizing the Response Surface Method (RSM) to predict the output response. The RSM
mathematical model developed for Al (AA6101)-Cu (C11000) FSW joints was 96.2% accurate and significant.
The highest FSW of Al-Cu joint efficiency obtained was 82% compared with the ultimate tensile strength
value of aluminium, The AA6101-C11000 joint prepared using the FSW method exhibited a low resistance of
0.3 n&2 which is lower than the base metals copper and aluminium. Electrical conductivity value of the friction
stir welded Al-Cu joint closely resembled that of the base metal alominium. AA6101-C11000 FSW joints was
found to have very good electrical conductance hence this method can be adopted for electrical applications.
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