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Fig. 1. Large scale three-dimensional transducer coupled
vibration system.
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Fig. 2. Vibration characteristics of a coupled vibration sys-
tem with large-scale three-dimensional transducers: (a) Vi-
bration mode diagram; (b) displacement distribution map of
tool head radiation surface.
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Fig. 3. Schematic diagram of the structure of the tool head

for acoustic surface and topological defect structures.
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Fig. 4. Schematic diagram of the side surface of the tool head: (a) X direction; (b) Y direction.
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Fig. 5. Schematic diagram of the upper surface of the tool head.
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Fig. 6. System model diagram based on acoustic surface and

TP AR T B 254 1) R S Y ]

topological defect structure.

M7 ATLAFE H, 7 R I A3+ MR B 454
M BE AT AR G RS R AR G L e fg
AR YR Sl 28 G S TR 2 1) R RS2 % IR 1 A
SEIL), I HYhE AR FL PR A5 2 T R 4
Tt S35k, ARG L3R N al g, i MR 454 a) L
U, SRS R RACR. O T R

224301-4


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

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 224301

ZER A R, M TR M A R S (R
G RSB HAR S B L SR R A L),
W 8 B,

(a) Eigenfrequency = 20210 Hz

/103
5 10 15 20 25 30 35

Min: Max:
2.82x10-4 0.04

0.020

0.010

YRR RLES

7 R P SRR I B 5 R A S R A R 6 4R 3 &

GLRRAFE  (a) TRELE; (b) AL RBE MR RS T
LSk R S 5 B8 93 A X LE R

Fig. 7. Vibration characteristics of transducer coupled vi-
bration system based on acoustic surface and topological
defect structure: (a) Vibration mode diagram; (b) comparis-
on diagram of displacement distribution on the radiation

surface of optimized and unoptimized system tool heads.
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Fig. 8. System model diagram without surface structure.
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Fig. 9. Vibration characteristics of a system without sur-
face structure.
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Fig. 10. Comparison chart of system performance with and
without surface structure.
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Fig. 11. Displacement distribution diagram of tool head
radiation surface for three systems.
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f=A+ Bx+ Cx?+ D2® (A, B, C, DN¥EL,
961JE%§ w, wi, h1, he, h3, ha, 71, 7‘2);

Sa= A+ By + Cy? + Dy* (A, B, C, DN,
yﬁi’% w, wi, h1, ha, h3, ha, 71, 72);

Uo= A+ Bz+C2%+ D2*(A, B, C, DR¥%L,
2K w, w1, by, o, hs, ha, 11, T2).

K1 RGERGITHYRIE 3 A1 5] BEF I ARXS SRR IEXT L%
Table 1.  Material and structural parameter table of the system.
AR5 R ARIE A 45 U,/ % AR ST A I R LR PR T34 (LS,
KR AR R 5 0.0427 0.00467
TR RS 93.747 0.0278
BT R A MRS I RE RN S IR B R Gt 93.341 0.0333
VOB (BE T 75 R I FIFh MR BA LS A (1 R S8 / R R B 2185.972 7.131
# 2 YR BT A
Table 2. Predictive model for longitudinal resonant frequency f of slot structures.
B f/Ha A B C D
EBMER T A = B by /mm 24827.063 143.789 1.119 0.000
SR A 5 BE by /mm 21488.704 -39.616 0.294 0.000
ZEB PR AN 58 w/mm 22041.812 -190.343 —-20.797 0.262
[UIAE R by /mm 20202.994 3.392 -0.0207 -0.0947
[T 5% B wy /mm 20200.399 6.0766 ~0.342 0.00934
ALY AR /mm 20292.384 7.339 ~11.913 -0.0145
[ FEAARSLIY 5 BE by /mm 20612.845 7.218 0.000 0.000325
Z AR A A SR A ry /mm 20207.287 3.703 ~4.601 0.0723
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K3 YA BRI 5, KT

Table 3.  Predictive model for the uniformity of longitudinal average displacement amplitude S, of slot structures.
NI AHX LR IR MRS ELS, A B c D
MR R R B by /mm 1.34x10°2 0 6.4x10°6 —7.561x10°8

S T AR 3 B by /mm 8.73x10°3 2.82x107 ~1.96x10°6 0
SR T RS 58 5 w/mm 8.79x10°3 -8.8x10* 7.18x104 ~4.79%10°
(IS ELRE by /mm 1.94x10 2 7.45%10* 3.63x104 3.42%10°5
[l e i 0, /mm 2.11x102 ~1.38x10°3 2.93x10* ~1.78x10°®
B AR LAy /mm 1.83x10°2 ~1.33x10°3 7.42x10* ~6.44x10°°
(B8 AL A 5 B oy /mm 1.17x102 1.15%104 0 ~3.842x10°°
Z m LB A A SRR (A Ay /mm 0.02 ~8.63x10 * 2.74x104 ~2.55x10°?

4 YN CRIRIR I SE U, AR

Table 4.  Predictive model for the uniformity of displacement amplitude distribution U, of slot structures.
A AERT IR S A 5 B U,/ % A B C D
PR PR 5 BE by /mm -0.265 0 7.91x10* ~7.72x10°
S 7 A 5 BE hy /mm 0.323 0.0156 ~1.04x10* 0
BT A L w/mm 0.443 0.0694 0.0141 ~2.15%x10°3
(IR BE by /mm 0.780 0.185 0.0468 2.75x10°3
[T 58 B w) /mm 0.932 -0.0155 3.83x10°3 -2.35x10*
[RFEAALE AR r /mm 0.937 -0.0106 5.57x103 -9.13x10*
IR AL B 155 B g/ mm 0.772 0 8.68x10° ~7.534x10°7
Z AL G S R A A A ry /mm 1.021 -0.150 0.047 4.32x10°3
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Fig. 12. The impact of various parameters on f.
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Abstract

How to regulate the sound waves in the coupled vibration system of complex power ultrasonic transducers
and design high-performance transducer systems has always been an urgent problem in the field of power
ultrasound. Research has found that introducing various defects within the transducer system can improve the
performance of the transducer coupled vibration system to a certain extent. However, the drawbacks of high
loss, narrow frequency band, and sensitivity to structural parameters limit the further practical application of
defect type phononic crystal transducer coupled vibration systems.

In order to improve the limitations of the coupled vibration system of defect-type phononic crystal
transducers, effectively reduce energy loss, and enhance the efficiency of energy transmission, this paper
introduces a topological defect structure with energy localization effect and a sound surface structure with high
energy transmission efficiency into the coupled vibration system of the transducer. In this study, the acoustic
surface structure and topological defect structure are used to excite defect states with energy localization effects

and high energy transmission efficiency surface states, effectively regulating the vibration of the transducer

n th
ailure in severe cases.
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coupled vibration system, and constructing a transducer coupled vibration system with high quality factor, low
loss, and high energy transmission efficiency. By flexibly designing the geometric size parameters of the acoustic
surface structure and defects, the vibration of the transducer coupled vibration system can be effectively
controlled, thereby meeting the different functional requirements of the transducer coupled vibration system.

However, due to the excessive design parameters of surface structure and topological defect structure, the
complexity of the design will be multiplied, greatly reducing the success rate of the design. Therefore, this study
uses data analysis technology to establish a performance prediction model for the transducer coupled vibration
system, in order to achieve the accurate prediction of system performance and change the shortcomings of low
design efficiency and low success rate brought by traditional empirical trial and error methods.

In order to verify the effectiveness of the research, the coupled vibration system of the transducer is studied
in simulation and experiment in this work. The simulation and experimental results indicate that the acoustic
surface structure and topological defect structure can effectively regulate sound waves to improve the
performance of the transducer coupled vibration system.

Keywords: acoustic surface structure, topological defect structure, transducer coupled vibration system,

acoustic wave control
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