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Fig. 1. (a) Structure and (b) vibration mode diagram of large-dimension sandwich longitudinal vibration piezoelectric ceramic ultra-

sonic transducer.
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Table 1. Structural size and material property parameters of the transducer.
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Fig. 2. Longitudinal displacement amplitude distribution

diagram.
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Fig. 3. Geometric model of tubular near-periodic phononic

crystal structure.
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Fig. 4. Geometric model of point defect structure in tubu-

lar near-periodic phononic crystals.
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Fig. 5. Front cover plate of large-dimension piezoelectric ul-

trasonic transducer with tubular near-periodic phononic

crystal point defect structure.
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Fig. 6. Lateral acceleration amplitude frequency response

curve.
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Fig. 7. (a) Structure schematic, (b) vibration modal dia-
gram, and (c) cloud diagram of displacement distribution of
radiation surface of large-scale piezoelectric ultrasonic trans-
ducers with tubular near-period phononic crystal point
defect structure.
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Fig. 8. Comparison diagram of longitudinal displacement

amplitude distribution of radiation surface.
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Fig. 9. Schematic diagram of transducer without tubular

structure.
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Fig. 10. Emission voltage response curves of tubular and

non- tubular structures.

MIE 10 /] LU, PIEIME FLAS H 5 T 75
W) Z2 R, TSR TR USRS A RON, AR T
TS B, UL, SIS R AH L,
R LT S0P T el A SR B A ) DR R T
PR BEAR (19 T AR S4B T ORWRIH 98, 12311
e Q MEAY RIS i T s il B A 2 A M oo 4%
(14 Jey B

2.2 EHBREPEFRESEREEHXT
HaEs ERE R R MM AN 1R

U REIE 3 JE I P 1 i A S B B S5 48 1 L
(T GRS R i i 3P W B
PR B NIRRT REE. Sy T 45 Bl KRS gk
JE H R 7 B BE Ak B B FEPE RE B E, ASCRI A
FROTAM BT IE T B N AR vy IR B8
JE r (O r SRR Z228) BONES SRR
FLEYEAR R AV FERY & BE hy X 462 BE £ M BB R 14
(DN 1) VSR AT 28 6 S 1T P 8 ) S A iR S 4 A1 19 )
JERPEII A R ARIR ) Asgm, T2kl 11—
14 PR,

B11 B T NER r SR RS R
A FEL A 75 48 BB A5 S T 2N 1) S RS IR S 43 A 2 5 B
S B PR R DL B A RE 2 2R G R 1 5
MR, AT DAAE Y, YA L S5 S R AN A
B, B R PR ) AR, HeRE SRR A T A
Ti] 57 B i W 23 A0 3050 BE S KR /. 2 =
1.5—3.0 mm I, e GERFHR ST D10 6 B PR 0 45
P R, MBS BRI N r IR,
FIE A5 0 S T 19 S 259 G 1) o7 % i i 1K 522 L 1
R/ 3R/ DA Y r=2.0—2.5 mm,
r = 3.56.0 mm A, HeEEAARE P A F- 29\ 007
BPRIEAS K. BEAE AN EAR r B R, RBERS R
GUR IR RBE AR, LA RSN EREFE bR, Y
BFRBNER = 2.0—2.5 mm B, & BT E
175 B AR A T 245 A 1 KRS IR R e 46
AR I BE T 8 B AR IR A

96.20 | —

92.50 | /

88.80 |

8510} . . . e—n

0.231

I fifs
YRR/ ATY 2 /%

0.210

0.189

SERIN I RS PRI / nm

19250 —

19140

IR /He

19030

18920

Tz 3 4 5 o
LKA 7y /mm
F1L oy AP AR AE A0S

Fig. 11. Influence of the number of 7; on the performance of

the transducer.
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Fig. 12. Influence of the number of 7 on the performance of

the transducer.
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Fig. 13. Influence of the number of R on the performance of

the transducer.
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Abstract

The coupling vibration of large-scale piezoelectric ultrasonic transducer will make the average value of the
longitudinal displacement amplitude of its radiation surface small and the amplitude distribution uneven, which
seriously affects the performance and reliability of the system. In order to improve the performance of large-
scale ultrasonic vibration system, a two-dimensional hole/slot near-periodic phononic crystal structure is used to
suppress the transverse vibration, but the structure will in turn affect the mechanical strength of the transducer
while achieving the suppression of the transverse vibration. The working bandwidth and other performance
parameters have adverse effects. Based on this, a new idea of optimizing the large-scale sandwich longitudinal
vibration piezoelectric ceramic transducer by using the tubular near-periodic phononic crystal point defect
structure is proposed. This method can not only use the point defect mode of the constructed solid/gas two-
dimensional near-periodic phononic crystal structure to obtain extremely low energy loss, but also effectively
improve the longitudinal displacement amplitude and amplitude distribution uniformity of the radiation surface
of the system. The double annular holes in the pipe string structure can also be used to enhance the multiple
scattering of sound waves, so that the transducer can also produce a band gap under the low conditions of the
pipe string, effectively suppressing the transverse vibration, at the same time, significantly broadening the
working bandwidth of the transducer system, enhancing the stability and mechanical strength of the system,
and reducing the processing cost. Simulation results and experimental processing test results also prove the
effectiveness of the optimization.

In order to find the best parameters for the performance of the large-scale longitudinal vibration
piezoelectric ultrasonic transducer, in the paper the finite element analysis software is used to study the
influence of the inner radius r; of the pipe string, the width r of the pipe string ring, the radius R of the
outermost air cylinder hole, and the height hy of the pipe string at the longitudinal resonance frequency of the
transducer performance, the longitudinal displacement amplitude distribution uniformity of the radiation
surface, and the average longitudinal displacement amplitude. In the research is finally found the range of
parameters that can make the performance of the transducer reach a relatively ideal state. The simulation
results show that the tubular near-periodic phononic crystal point defect structure can improve the performance

of large-scale longitudinal vibration piezoelectric ultrasonic transducer.

Keywords: transverse vibration, performance of large-scale piezoelectric ultrasonic transducer, tubular near-

periodic phononic crystal point defect structure
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