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Fig. 1. Structure and vibration mode diagram of high-power
piezoelectric ultrasonic transducer: (a) Structural diagram;
(b) vibration mode diagram; (c) displacement distribution

diagram of radiation surface.
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Fig. 2. Radiation surface displacement amplitude of unop-

timized transducer.
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Table 1. Materials and geometric structure parameters of piezoelectric ultrasonic transducer.
HRE FRUR M JEAk 42 /mm F4% /mm 75 /mm
J5 WA ATSI 4340 %4 ST B A 31 31 30
s H, B s [ 3 (75 ) PZT-4)F i P % =i E7 7 (MN1R) 30 (4ME) 8
R 6063-T834H A& 31 (MK) 50 (FIIK) 35
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Fig. 3. Structural schematic diagram of optimized rear cov-

er plate.
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Fig. 4. Structural schematic diagram of optimized front cov-

er plate.
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Fig. 5. Structural schematic diagram of optimized front cov-

er plate (top view).
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Fig. 6. Structural schematic diagram of optimized front cov-

er plate (side view).
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Fig. 7. Structural model diagram and vibration mode dia-
gram of surface and defect controlled high-power piezoelec-

tric ultrasonic transducer: (a) Structural model diagram of

transducer; (b) vibration mode diagram.
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Fig. 8. Comparison of displacement amplitude of radiation

surface between optimized and unoptimized transducers.
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Fig. 9. Comparison chart of three types of transducer per-
formance: (a) Comparison diagram of displacement amp-

litude and distribution uniformity of radiation surface;

(b) comparison chart of total radiated power.
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Table 2.  Performance comparison table of three transducers.

HeRERS P IRIF Ayye/mm SRS D, /% SRR /mW
rieEa ) 0.2180 x 10°® 87.73 0.04818
BHA5H 0.2109 x 103 90.56 0.04904
FA S HBAL 0.3015 x 103 93.56 0.1181
A (FR T S B /5P ) 1.384 1.066 2.450
LB (T S B /) 1.430 1.033 2.407
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wy, 1E O AL AR . R By, 3
ARVERE ) AR vy XTHRBEAR N I IRIR £, i
T LR IR Aqye(mm) 558 58 1T 132 5 9% 052 57

A BE D, WS LA, H N7 R 1 5 B b 45 A
KI5 e oL P 48 i P M B T A 7
f=A+ Bz + Ca? + Da?
(A, B,C, D8, aff&w, w1, by, r7,78),  (3)

Aavc = A+By+0y2 +Dy3
(A, B,C, DRHHL, yRi&ha, r7,75), (4)

Ape = A+ Bys + C’y%
(A, B, CHHEHL, yi iiFEwy), (5)

Aave =A + B/yQ (Aa B%ﬁ%ﬁ, yQ'fﬁﬂéw)a (6)
Dy=A+Bz+Cz?+ D23
(A, B,C, DNEH, 2RFw, w1, ha,r7,78). (7
%:Z 3_%‘:2 5 él/ﬁ\l'fl T%&iﬂ‘j w, Wy, h4) 7, T8
B, A HBIAY (3)—(7) 45 2 (9 25 A F00 Fui {8
¥ COMSOL 5 iy {5 EL 45 51 (15 10—1&] 12) Ao
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Table 3. Predictive model for longitudinal resonant frequency f of slot structures (Unit: Hz).

A B C D
Ji 0 M 2 T TR w/ 19015.485 1.544 ~0.09065 0.004986
BOEARFLI SEEE w, /mm 19003.333 13.94 ~0.4575 -0.02117
IEF B ARz R rg/mm 21299.902 36.52 0.000 50.71
23 ALY 5 BE by /mm 20530.792 -202.5 8.669 -0.1261
PR B 242 vy /mm 19015.083 2.116 11.49 3.530

R4 RETH ARSI A, BTEAY

Table 4.  Prediction model for the average displacement amplitude A,,, of the radiation surface.

A B c D
J& AR T IR w/ mm 0.0002939 6.991x10°6 0.000 0.000
BOEARFLAY 56 B w) /mm 3.048x10 —2.717x10°¢ 3.576x10°7 0.000
IEE B Rz SRR rg/mm 6.102x104 ~1.155x104 0.000 2.187x10°¢
255 A LAY 5 by /mm 3.063x10* 2.397x10°¢ 1.375x10°7 1.373x10°10
FRARIAAE N2 ry /mm 3.005x10 * ~4.852x10°¢ 2.407x10°° ~6.396x10°¢
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*5 FRATOIBARIE AT YIS D, AR

Table 5. Prediction model for the uniformity of displacement amplitude distribution D, on the radiation surface.

A B C D
J e A 2 1T A JRL B w/ mm 0.9355 -0.0004441 3.130x10°5 4.060x10°7
BUGARFLI 95 w, /mm 0.9798 ~0.04139 0.003935 ~0.0003165
IE W HUR A SR L A2 rg /mm -0.3622 0.4834 0.000 ~0.009487
23 SR LAY = B by /mm 0.5726 ~0.004406 0.003738 ~0.0001257
IRRIARAE I N 242,/ mm 0.9600 0.1010 0.05795 0.01953
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Fig. 10. Influences of different attributes parameters on the longitudinal resonance frequency f.
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Fig. 11. Influences of different attribute parameters on the average displacement amplitude 4,,. of the radiation surface.
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Fig. 12. Influences of different attribute parameters on the amplitude distribution D, of radiation surface displacement.
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Abstract

Researches have shown that a reasonably designed phononic crystal defect structure in high-power
piezoelectric ultrasonic transducers can effectively suppress stray vibration modes. However, when the size of
the transducer is large, the improvement of the displacement amplitude of the radiation surface of the
transducer device by the phononic crystal defect structure is still not so ideal. How to effectively suppress
harmful vibrations while ensuring the operational efficiency of transducers and enhancing the displacement
amplitude of their radiating surfaces has always been a challenging problem in the field of power ultrasonics
that needs to be solved urgently. Researches have found that acoustic surface structures can achieve
unidirectional energy transmission, effectively reduce energy loss, and enhance the efficiency of energy
transmission. Based on this, the high-power piezoelectric ultrasonic transducers with surface and defect
regulation are investigated in this work.

By designing reasonable defects and acoustic surface structures in the transducer, strong localization effects
of sound waves can be excited to achieve acoustic anomalous transmission, significantly increasing the
longitudinal radiated sound power of the transducer. At the same time, a data analysis technique is used to
analyze the influence of material composition and geometric parameters of acoustic surface structure and defect
structure on the performance of transducers, and a performance prediction model is established for high-power
piezoelectric ultrasonic transducers, ultimately achieving optimized design of transducers. In this study, a new
theory and method are systematically proposed for optimizing the design of high-power piezoelectric ultrasonic
transducers quantitatively. Simulation and experimental results show that the innovative design capability and
intelligent level of high-power piezoelectric ultrasonic transducers can be improved, making the vibration mode
of the transducer more singular in high-power application environments, and thus significantly improving the

displacement amplitude and amplitude distribution uniformity of the transducer radiation surface.

Keywords: acoustic surface and defect control, high-power piezoelectric ultrasonic transducer, localization

effect, performance prediction
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