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Abstract: Aiming at the problem of removing accretion layers on the structure surface, two
layering models are proposed. Combining theory with experiment, the shear layering of the solid-
solid interface under ultrasonic excitation is investigated, and the ultrasonic coupling resonance

mechanism of solid-solid interface shear delamination is revealed. The displacement and stress
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fields in the accretion layer structure under ultrasonic excitation are obtained with Fourier integral
transform method, and the solid-solid interface shear stress field is further evaluated. Via
numerical integration, the shear stress amplitude at the interface between aluminum and gypsum
is calculated, and the influence of excitation frequency and accretion layer thickness on the shear
stress amplitude at the interface is achieved. Under the shear layering conditions at the solid-solid
interface, a method for selecting ultrasonic layering frequencies is presented. According to the
two layering models, the ultrasonic layering experiment systems are established, and the layering
experiments of aluminum and gypsum are completed. The theoretical analysis shows that there is
a linear positive correlation between the excitation amplitude and the interface shear stress
amplitude, and the interface shear stress amplitude has a resonance trend. For the shear
horizontal (SH) wave layered model, a coupled resonance of interface shear stress amplitude
occurs at the cut-off frequency of the second mode. The coupling resonance frequency of a 3.5
mm thick gypsum layer adhered to a 3 mm thick aluminum plate is 86 kHz. For the Love wave
layered model, the coupling resonance of shear stress amplitude occurs at the frequency at which
the group velocity of the first mode gets the smallest. The coupling resonance frequency of a 3.5
mm thick gypsum layer adhered to a semi-infinite aluminum substrate is 88 kHz. As the thickness
of the accretion layer increases, the coupling resonance frequency of the interface shear stress
amplitude shifts to low frequencies. Under the same excitation and within the range of the
coupling resonance thickness, the larger the thickness of the accretion layer, the larger the
interface shear stress amplitude. The ultrasonic stratified frequency band is generated near the
coupled resonance frequency. By changing the output power of the ultrasonic transducer to adjust
the excitation amplitude, it is verified experimentally that the thicker gypsum layer requires less
output power when layered. With the increasing output power of the ultrasonic transducer, the 4
mm thick gypsum layer adhered to the aluminum plate firstly drops, then the 2.5 mm thick
gypsum layer drops, but the 1 mm thick gypsum layer does not fall. The 4 mm thick gypsum
layer on the aluminum block drops firstly, then the 1.5 mm thick gypsum layer follows. This
approach has both theoretical value and application prospects for promoting ultrasonic layering
technology in the fields of aerospace, wind power and air conditioning.

Keywords: ultrasonic; solid-solid interface shear layering; coupling resonance mechanism
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