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Research on Particle Suspension Manipulation Based on

Obliquely Incident Focused Acoustic Field Interference

Yan Wenwei,Feng Tingzhen,Chen Wei,Ma Qingyu
(School of Computer and Electronic Information & School of Artificial Intelligence, Nanjing Normal University , Nanjing 210023, China)

Abstract: As a newly emerging particle manipulation technology in recent years,acoustic tweezers show strong application
potential in medicine, biology , materials science and other disciplines due to its many advantages such as non-labeling,non-
contact ,non-destructive , high safety and a wide range of manipulative materials. At present,among the mainstream acoustic
tweezers , the acoustic radiation force of traveling wave acoustic tweezers is generally small,the axial particle control ability
is poor,and complex circuits and algorithms are required, and the cost is high. The particle control of standing wave
acoustic tweezers can only be realized in the middle area of the complete set of acoustic devices, and the application
scenarios and maneuverability are limited. Therefore, this study proposes a three-dimensional particle suspension control
method based on oblique incidence focused acoustic field interference, constructs oblique incidence focused edge phase
dislocation interference acoustic field,and generates sufficient acoustic radiation force. While stable suspension and three-
dimensional control of particles in water can be realized ,the control area is no longer limited to the transducer pair or the
center area of the transducer array,and the drive system is relatively simple. It provides a new framework for the suspension
and three-dimensional control of particles in water. The research shows that 2m low sound pressure potential wells can be
formed in the focal plane by oblique incidence interference of the focused edge dislocation with mode m. When the

deflection angle of the transducer is 45° and the surface vibration velocity of the transducer is 0.03 m/s, It can provide a
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peak axial radiation force of 18 wN and a peak radial radiation force of 0.3 wN for polystyrene particles with a radius of 150
pm to achieve particle suspension capture. At the same time,the acoustic radiation force is negatively correlated with the
mode and deflection Angle,and the acoustic well distribution in the interference sound field is closely related to the side
dislocation mode,the initial phase difference,the deflection angle of the transducer and the inverse orientation of the initial
phase, etc. ,through the deflection angle and the initial phase,the arrangement density of the captured particles and the
axial capture position can be directly regulated,so as to realize the three-dimensional control of the acoustic well. Finally,
the experimental platform of oblique incidence focusing interferometric sound field is built, and the experiment of sound
field measurement and particle manipulation is carried out. The acoustic field measurement results are in good agreement
with the numerical simulation results. The stable control and capture experiments of polystyrene particles demonstrate the
suspension and real-time control ability of the interferometer acoustic field.

Key words: obliquely incident focused acoustic field interference, focused sector transducer array, focused edge phase

dislocation field, particle suspension and manipulation
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Fig.2 Oblique incidence focused edge dislocation acoustic field
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Fig. 3 Schematic diagram and curve of acoustic gradient force in interference sound field
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at different initial phases in opposite directions
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Fig. 11 Schematic diagram of scanning system and particle manipulation system based on oblique incidence

interference acoustic field of concave spherical sector transducer
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Fig. 12 Axial profile acoustic pressure distribution of experiments under deflection angles of 15° and 45°
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Fig. 13 Experimental measurement of sound pressure distribution on the focal plane of

the interference acoustic field for modes m=1,2,and 4
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Fig. 14 Scanning and particle suspension experiment of oblique incidence interference acoustic field
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Fig. 15 Particle suspension stability test of oblique incident interference acoustic field
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Fig. 16 Particle capture results of oblique incidence interference sound field under modes of m=0,m=1,and m=2
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Fig. 17 Experimental results of axial displacement of particles at =0 5,20 5,40 s,and 60 s
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