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Abstract: A novel processing principle of friction stir rivet welding (FSRW) is proposed to solve
the defects such as cracks, pores, high forming force requirement and poor air tightness, which
are usually observed in the traditional aluminum alloy sheets spot joining technology, and to
realize high-performance spot joining for aluminum alloy sheets as a consequence. The feasibility
is demonstrated for aluminum alloy sheets spot joining with non-uniform thickness by theoretical
analysis and experimental research. The material flow behavior and temperature distribution in
FSRW process of aluminum alloy sheets are investigated and the effects of rotational speed and
dwelling time on the temperature distribution are discussed emphatically. Then, FSRW
experiments are carried out following process parameters optimization by controlling the welding

heat input. The consistency between theoretical analysis and experimental research is verified and
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plastic joining mechanism of this novel process is defined by macro/micro analysis of transverse
section of the obtained joint. The results indicate that rotational speed and dwelling time are
significant factors affecting mechanical properties of the FSRW joints; the reasonable process
parameter ranges of rotational speed (1 000-1 400 r » min ') and dwelling time (3-15 s) are
beneficial for aluminum alloy 6061-T6 (AA6061-T6) sheets joining of 3 mm and 4 mm thickness.
Metallurgical joining can be observed between upper and lower sheets while mechanical joining
between plasticized material and threaded rivet. Therefore, the plastic joining mechanism of

FSRW process for aluminum alloy sheets accords with the expectation, and this novel process is

effective and feasible.

Keywords:

friction stir rivet welding; temperature distribution; material flow behavior; process

parameters optimization; welding heat input
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