A full-field approach to characterizing acoustoplasticity
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Introduction and backbround
The plastic deformation of metals is key in many industrial forming processes, from forging critical aerospace
components to deep-drawing aluminium cans. High-power ultrasonics has been demonstrated to reduce the
force required to cause and maintain yielding during plastic deformation of metals, offering opportunities for
significant increase in process speed and reduction in demand on energy resources. The effect, which was
first observed in the 1950’s [1], is known as acoustoplasticity. To date, research has been focused on simple
test-piece configurations that apply ultrasonic excitation during standard test-machine deformation, such that
the fundamental physics of acoustoplasticity has not been exposed [2]. New experimental mechanics
techniques, using ultra-high-speed imaging systems, present an opportunity for new methodologies to
investigate further the link between fully characterised ultrasonic excitation inputs and resulting alteration of
microstructure.
Developing a compatible full-field approach
Building on previous work [3, 4], Digital Image Correlation (DIC) was used to derive the evolving strain field
during a tensile test with ultrasonic vibrations superimposed on the quasi-static loading. The specimens were
of a soft 1000 series alloy to maximise the potential for observable acoustoplasticity. To capture images of a
quality sufficient for accurate DIC, a system was developed which captured images of very short exposure at
intervals timed to coincide with the same point in the oscillation cycle. In addition, a thermal camera
measured the temperature field to identify and verify regions undergoing high dynamic strain. Following the
ultrasonic tensile test, the microstructural response was evaluated. A Scanning Electron Microscope (SEM)
was used to examine the microtexture, comparing samples which had been subjected to ultrasound with one
which had not. This was repeated for cross-sections at intervals along the length of the specimen to
complement the full-field strain map. Characterisation of the microstructure was carried out using Electron
Back-Scattering Diffraction (EBSD) to map misorientation of the metal grains, which is an indicator of the
movement of dislocations, a key component of acoustoplasticity [5-7].
Conclusion
A new approach is presented for understanding the effects of ultrasonic excitation of metal forming
processes, by recording the full-field strain evolution. This technique provides accurate quantitative
measurement of the strain field on the specimen surface, showing where ultrasonic excitation enables
greater plastic deformation. Further characterisations of the microstructural response at selected crosssections of the specimens corroborated the DIC findings, identifying the influence ultrasonic excitation has on
the alteration of grain shape and orientation.
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