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Fig. 1. Schematic diagram of the structure and size parameters of the transducer.
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Table 1.  Relationship between m and resonant w? w?
frequency. o + n% -2 + n%
== A V] = % @ = o @ = 07
B IR PHRIAIRICR/ kHz YT P c:c
B [kHz m=18m=21m=24m=27m=23
—Br 25 3.1 2.3 1.8 15 12 ny = wP\/—l + N4 /1 +a?/w?
—kr 5.9 6.4 5.8 5.3 4.8 4.4
=B 101 109 100 9.4 8.9 8.4
! n2:wP\/1+N\/1+a2/w2,
Pugy  15.0 16.1 150 141 135 13.0
B 208 224 208 196 188 179 A
Lo cot e (k)
vl 27.7 29.9 277 26.1 24.7 237
2.1 HEiPEBNHE »

Ry ST RE AL DL S T AR A i i is
BEAREET, #id 3T Timoshenko Z2FIS 1%
WREREIT IR, A iz e 2 MR sh i A AL,

TEENT ORI, 288 T F T & e A v
M5 LB e SRR 254, IE4 R rL B iR
BCHMEAR, WZ A5 RE S 25 A ] LA A6 A 2(a)
Fosiy L, 10, M, IV PUASER Gy, XTIV 345 )OAT 45
RIRE ) 53K 1000 B 4K i B i

2 AL MR A
TR 5>

Fig. 2. Schematic diagram of the transfer matrix method:

(a) 15

HTALI; (b) ) 55 3)

(a) Model simplification diagram; (b) the vibration element

division of variable cross-section beam.
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Table 2.  Material parameters of the transducer.

MR W PZT-4 =
f‘ji‘?:w
'E( 7850 7500 2700
(kg-m?)
kAL 0.28 —_ 0.33
139 778 743 0 0 0
A 778 139 743 0 0 0
/GPag, 743 743 115 0 0 0
[Lbeaiaies 205 0 0 0 256 0 0 70
/GPa 0 0 0 0 256 0
0 0 0 0 0 306
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Fig. 4. Theoretical model computation results and convergence verification: (a) The theoretical model calculation results; (b) the

convergence verification.
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Table 3.  Comparison of calculation results for the flexur-
al vibration frequency of the transducer.
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Fig. 5. The sixth-order flexural vibration mode of the trans-
ducers: (a) The sixth-order flexural vibration mode of the
acoustic black hole structure transducer; (b) the sixth-or-
der flexural vibration mode of the catenary-shaped struc-

ture transducer.
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Fig. 6. Comparison of probe vibration displacement: (a) Comparison of probe vibration displacements in the air; (b) comparison of

probe vibration displacements in the water.
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Fig. 7. Sound pressure of the transducers in water: (a) The underwater sound pressure of the acoustic black hole structure trans-

ducer; (b) the underwater sound pressure of the catenary-shaped structure transducer.
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Table 4. Relationship between the resonant frequency

and the maximum sound pressure of two types of probes

with different water entry depths.
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25 22.815 9.57x10° 26.680 3.01x10°

50 22.211 4.22x10° 26.035 3.42x10*

75 21.719 4.96x10* 25.476 6.54x10?
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Fig. 8. Physical photo of the transducer.
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Fig. 9. Simulation results of the impedance-frequency re-

sponse curve.
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Fig. 10. Impedance analyzer experimental equipment of transducer and impedance measurement result: (a) WK6500B impedance

analyzer and transducer; (b) the impedance measurement result.
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Fig. 11. PSV-400 laser vibrometer measurement system and transducer vibration mode measurement result: (a) Laser vibrometer

experimental equipment; (b) measured flexural vibration mode of the transducer; (c) measurement results of vibration displacement

distribution.
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Abstract

Based on the advantages of the acoustic black hole (ABH) structure in energy focusing and displacement
amplification during the regulation of flexural waves, a new type of ABH sandwich-shaped flexural vibration
transducer is proposed in this work. This transducer consists of a sandwich-shaped flexural vibration transducer
and an ABH probe. Based on the Timoshenko beam theory, the theoretical model of the overall flexural
vibration of the transducer is established by the transfer matrix method, and the calculated results are
consistent with the finite element simulation results. The impedance frequency response characteristics,
vibration modes, radiation acoustic field and vibration displacement of this transducer are discussed by the
finite element method, and a comparative analysis is conducted with the catenary-shaped transducer. The
results show that the maximum sound pressure and vibration displacement of the ABH transducer under the
same mode are greater than those of the catenary-shaped transducer, indicating that the ABH structure can
efficiently enhance the displacement of flexural vibration and the radiation performance of the transducer, and
is expected to be utilized as a small-scale acoustic chemical reactor. Finally, a prototype of this transducer is
fabricated, then its impedance characteristics and vibration modes are experimentally measured. The

experimental results are in agreement with the simulation results.
Keywords: acoustic black hole structure, ultrasonic transducer, flexural vibration, transfer matrix method
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