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Fig. 1. Structure of two confocal ultrasound transducers.
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Fig. 2. Structure model and phase mode in the numerical simulations: (a) Structure model; (b) two-phase excitation model; (c) four-

phase excitation model.
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Fig. 4. Sound intensity of the two-phase model (The white solid coil is the main potential well position, and the white dashed coil is
the secondary potential well position): (a) z-y section (z = 0 mm); (b) y-z section (the primary potential well) (z = 0 mm); (c) y-z

section (the secondary potential well) (z = 0.2 mm).
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Fig. 5. Equipotential surface of sound intensity of the two-phase model (The white solid coil is the main potential well, and the
white dashed coil is the secondary potential well.): (a) I, = 1.31 kW/m?; (b) L, = 0.53 kW /m? (c) I, = 0.53 kW /m?.
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Fig. 6. Sound intensity of the four-phase model (The white solid coil is the main potential well): (a) 2-y section (z = 0 mm); (b) y-z

section (z = 0 mm); (c) z-z section (y = 0 mm).
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Fig. 7. Equipotential surface of sound intensity of the four-phase model: (a) [, = 3.0 kW/m? (b) I, = 1.2 kW/m?; (¢) L, = 1.2 kW /m?

3 EBHR

g TR S £ A SR AR 0 B 4% 45 F 1Y THORE
REBIRRCR, Uk H A B A R, ABESE
T 2R RS, WwiE 8 PR, FIFEKGEIR R H
W% R (r = 5 mm, R = 10 mm, FEJFIE IR0 %
2 MHz) fil/E TR EHBE SR 45 H, Hagdr b
TN SRR ISR RN P i B A = e o

(T3AEG120, TELEDYNE) 4 i 4 %1 57 % AH 5] |

AL AR B AR 5, TR RA (ATA-43151,
Aigtek) UK, JRXT N AT 4 4R BB R,
F/R % (HDO4104A-MS, TELEDYNE) Wil 3
SR BEAS (R L AR AL

(e s

B8 SEEIE
Fig. 8. Experimental settings.

FH B 38 50 KA () A 9 RD (%% 2.56 %
103 kg/m3, Kife 0.2 mm), 7= A B B 15 1k it
P SR)E, WMER RGRARIA SeRb kT A oy AR A O
e, POE S S R A REAR A5 4, WA Bk
TR E M. ARSI SR T 3 Abki+
1, EABE 7 B AR T A R, PRV Y
BTN A I, WE 9(a) Fizs. PUAHA 3
Jil N R e S B AR T 1 AT, HEE
Rt 8 P 5 T AR S AR = B R AT
PP S s R A B T, Al 9(b) BiR.

4 TS
4.1 EEXIBBHIRE

B BEAS O il 5 45 R oL f RS R,
E N N A S E RSt N = AN O Sk E <
45°FFHIT IR BIMAE (1] 3). Z5 R FRIAY 3 = 45°H 3
BIFaE B fi K, RERS DRIE R AR PR R,
TSR R RE SR T R G, R RS
Ol S Es kR f 29 45°.

4.2  HENEAAR T BRI R

1) PRI

PIARAL BT, (5 B2 R R 3 A
T 3 AbABE (K 4 1 5), TR0 R T IR B
H BRI R XK, ISR AR LT A

014301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 72, No. 1 (2023)

014301

XFR; SERRAT R R B TR RGN T 3 A dErbhL
U (B 9(a)), ERBFALE SRR RS R T
RBH PO EAL BT A1, FERiARRL T A1) A 5E 30
AR, EHBEAE AR T AR E , IR B
bR B S v, D755 SRR A R R I 324
B 5 B R T IR RSB o

K9 SEERE () PIAMAEETR (b) PUAR B

45

Fig. 9. Picture of experimental results: (a) Result of two-
phase model; (b) result of four-phase model.
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Abstract

The nonlinear effect of high-intensity sound waves produces the acoustic radiation force (ARF), which are
used for acoustic levitation and manipulation practical. With no special requirement for the physical and
chemical properties of the controlled objects, acoustic levitation owns a promising application prospect. The
common levitation scheme includes the standing-wave system and phased-array levitation system. The
standing-wave system has poor performance in the aspects of the degree of spatial freedom, the ARF along the
non-axial direction, and the levitation stability. The phased-array system requires a complex control system and
a high production cost. Here, we propose a single-side acoustic levitation system based on the paired confocal
focused transducers. By driving the transducer pairs with reverse phase mode, two anti-phase focused spherical
waves interfere with each other, resulting in constant sound pressure of 0 Pa at the focus. The resulting
potential well can achieve stable particle capturing and levitating. First, we verifed the theoretical feasibility of
the system according to Huygens' principle. Then, using the finite element method, we analyzed the influences
of structural and driving parameters on the sound field distribution, such as the angle between the transducer
axis and the central axis of the structure and the excitation phase modes. Finally, we demonstrated the particle
trappings under two kinds of excitation phase modes of the levitation system experimentally. The results show
that, 1) the intensity of the dominating potential well reaches a strongest value when the structural angle is 45°;
2) as the excitation phases are 0, 0, 7, and 7, the sound field owns three potential wells which can capture three
clusters of quartz sands, the primary potential well is stronger than the secondary one; 3) as the excitation
phases are 0, /2, n, and 3w/2, the sound field owns one potential well and captures one cluster of quartz sands.
The isosurface of wave intensity around the potential well is more comprehensive than in the previous phase
mode. The four-phase excitation improves the levitation stability better. The proposed levitation scheme can
realize stable single- or multi-position capture of high-density objects in the fluid. Moreover, it has the

advantages of low cost and a high degree of freedom.
Keywords: acoustic levitation, acoustic potential well, focused transducer, particle capture
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