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Mechanism investigation and modeling of material deformation enhancement in
micro forming with vibration energy assistance
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A high-frequency response force sensor was introduced to enable the
separation of various effects such as stress superposition, acoustic softening and impact by
real-time measurement of the contact state between the punch and the material during ultrasonically
assisted forming. In addition, SEM-EBSD analysis was applied to investigate structure of the
deformed specimens. It is found that the acoustic softening can reduce the dislocation density and
randomize the dislocation distribution and it increases dislocation mobility leads to dynamic
recovery and dislocation annihilation. A constitutive model for prediction of the flow stress
incorporating the dislocation transfer promotion of crystalline materials was proposed based on the
experimental results. The prediction results was compared with the experimental results of Al and
Cu. The estimation results by the constitutive model showed good agreement for different materials
and amplitudes.
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