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Abstract

Butt welding between aluminum alloy and steel by friction stirring and elucidation

Title of welding mechanism

(800 words)

Recently, the application of aluminum alloy which is a typical lightweight material has been expected to achieve
energy saving in transportation vehicles. Generally, the structure made of only aluminum is low strength and high
cost. Then, hybrid structure made of aluminum alloy and high strength materials like steel is promising to achieve
both lightweight and high strength. For making the hybrid structure, it is necessary to weld aluminum alloy and
steel. At present, the brazing and mechanical uniting are used in this joining. However, these processes have some
problems such as mechanical strength, heavy weight and low productivity. Moreover, conventional fusion welding,
like TIG or MIG, is difficult to be applied at the joining of dissimilar metals due to the formation of thick fragile
intermetallic compounds in the weld interface.

To solve the above-mentioned problems, the friction stir welding that is spreading for welding of aluminum
alloys is attractive. The friction stir welding is the technique that welds aluminum alloys in the solid state.
Principles of friction stir welding are that weld materials are heated and soften by friction heat that occurs between|
rotating tool and weld materials. Then, softening weld materials are stirring by rotation of a tool.

The objective of this study is to investigate the possibility of butt welding of dissimilar materials by friction
stirring and to clarify the welding mechanism in this process.

At first, the effect of the rotating tool position on the weld interface and rotating direction of the tool at butt,
welding of aluminum alloy and steel by friction stirring were investigated. Some effects from welding conditions|
were clarified by tensile test, bending test and corrosion test. Welding conditions such as the rotating speed of the
tool, welding speed and tool shape were changed. In these welding conditions, the tool shape was most influence for|
formation of the internal defects and the welding sfrength. The joint fabricated by a welding tool with a screw probe
exhibited superior tensile properties. From observation of weld line at aluminum alloy and steel welded by Fe/Al
intermetaric compound that generated at weld interface. Then, the welding joints property strongly is estimated
depending on the heat input and material flow during the welding.

Temperature at tool tips during the welding was measured with a thermocouple directly. The temperature was
measured using a tool with built-in thermocouple. Applied forces on the weld materials during the welding were
measured with a dynamometer which is set underneath the weld materials. The measured three-dimensional force is
divided into horizontal components (transverse force Fx, and side force Fy) and a vertical component (down force
Fz). In the experiments, internal temperature and the three-dimensional force during the welding were measured to
estimate the material flow in the welding.

In addition, it was difficult to observe the material flow because metal materials were not transparent. To solve
this problem, the material flow direction during the welding was investigated using a high speed video camera
between transparent Poly-vinyl chloride materials as simulation experiments of aluminum alloys. Additionally, the
material flow velocity was measured by the particle image velocimetry method. Also, the material flow was
numerically simulated which is the finite element method and the macro-micro structure around probe was observed
by stop action welding. From these analyses, material flow directions were observed different type of flow direction|
at advancing side and retreating side. Material flow direction at advancing side was in the reverse direction of the
tool rotation that the flow phenomenon effect the defect formation in aluminum alloy was clarified.

Furthermore, the material flow during the welding of Poly-vinyl chloride and S45C as simulation experiments of
aluminum alloy and steel was investigated. Also, the finite element method and macro-micro structure around probe
were observed by stop action welding. From the macro structure at stop action weld, screw probe was better to
effect new phase formation of steel than straight probe. Stress and strain between the butt interface and probe were|
concentrated.

Finally, from the results of temperature measurement at the tool tips, horizontal load, vertical load, stress and

strain at the weld point and plastic flow in aluminum alloy, the formation mechanism of weld joint was clarified.




