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Fig. 1. Ultrasonic transducer with acoustic black hole wedge

structure based on vibration mode-conversion.
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Fig. 2. Schematic diagram of the transducer’s dimensions: (a) The longitudinal sandwich transducer; (b) the ABH wedge radiant

plate.
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Fig. 3. Discrete vibration units division of the radiant plate.
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Fig. 4. Boundary mechanical quantities of discrete vibra-

tion units.
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Fig. 5. Meshing of the radiant plate.
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Table 1. Comparison of calculated flexural vibra-

tion frequency of the radiant plate.
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Fig. 6. Meshing of the whole transducer.
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Fig. 7. Electrical impedance frequency response curve of the
transducer obtained by FEM.
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Fig. 8. (a) Vibration mode of the whole transducer; (b) the
flexural vibration mode of the radiant plate.
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Fig. 9. Curve of normalized transverse displacement distri-

bution of the radiant plate.
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Fig. 11. Near-field sound pressure distribution in air ob-
tained by FEM.
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Fig. 12. Prototype of the ultrasonic transducer with acous-
tic black hole wedge structure based on vibration mode-con-

version.
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fia = 26191 Hz
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Fig. 13. Impedance analysis experiment: (a) The WK6500B precision impedance analyzer and the transducer prototype; (b) fre-

quency response curve of the input electric impedance and phase of the transducer.
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Fig. 14. Laser vibrometry experiment: (a) The Polytec PSV-400 full-field scanning laser vibrometry system and the transducer pro-

totype; (b) flexural vibration mode of the radiant plate.
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Fig. 15. Experimental system for acoustic field measurement in air.
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Fig. 16. Comparison of the experimental and FEM’s results of near-field sound pressure distribution in air: (a) Schematic diagram of
measuring points; (b) sound pressure distribution in the length direction 10 mm away from the radiant surface; (c¢) sound pressure
distribution in the width direction 10 mm away from the radiant surface; (d) axial sound pressure distribution.
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Fig. 17. (a) Platform of ultrasonic levitation experiment; (b) gradient levitation of EPS pellets.
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An ultrasonic transducer for vibration mode conversion of
wedge-shaped structure of acoustic black hole®

WANG Yi  CHEN Cheng  LIN Shuyu'

(Shaanzi Provincial Key Laboratory of Ultrasound, School of Physics and Information Technology,
Shaanzi Normal University, Xi’an 710119, China)

( Received 20 September 2024; revised manuscript received 20 December 2024 )

Abstract

Acoustic black hole (ABH) structure has been extensively used in vibration mitigation, noise reduction,
energy harvesting and so on, owing to its unique sound wave trapping and energy concentration effects. Besides,
ABH structure holds emerging potential in improving the performance of ultrasonic device and constructing
multifunctional acoustic field. Hence, an ultrasonic mode-conversion transducer consisting of a longitudinal
sandwich transducer and an ABH wedge radiant plate is proposed in this work, in order to explore the potential
applications of ABH in ultrasonic levitation and multifunctional particle manipulation. The theoretical model of
flexural vibration of the radiant plate is established by utilizing Timoshenko beam theory and transfer matrix
method, and the calculated vibration frequencies are in good agreement with those obtained by finite element
method (FEM). The electrical impedance frequency response characteristics, vibration modes and the near-field
sound pressure distribution of the transducer in air are also simulated. The results indicate that the amplitude
of the ABH wedge radiant plate increases stepwise, and the sound pressure exhibits a gradient distribution. A
prototype of the transducer is fabricated and experimentally tested, confirming the accuracy of FEM
simulations and the feasibility of the design approach. Finally, the result of the ultrasonic levitation experiment
indicates that the ABH design can give rise to gradient distribution of sound pressure in standing wave sound

field for achieving precise particle sorting.

Keywords: acoustic black hole structure, air-coupled wultrasonic transducer, longitudinal-flexural mode

conversion, ultrasonic levitation
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