Instrumentation and Equipments {X2%.51%%%, 2026, 14(1), 83-91 Hans X
Published Online March 2026 in Hans. https://www.hanspub.org/journal/iae
https://doi.org/10.12677/iae.2026.141011

ETHREBEaEERNERETHIER
MLEMERA S

U RV TR 2K AR 2R, PRV R RV
2 R TR R A KA BOR e s %, BRIl W /RIE
SHEEAS RIS 22 4 AR ML S = (W RV LA K)o ANE R AL EE, PRI W /R

Wehs HiA: 202641 H22H; FHEM: 20264F2H23H; &4 HH: 2026434 18H

HE

MNEOKTEBIFE ESBRER, TEBRAMER SR E, BRRRH T XKT BirfEee .

ASCE N BT AR A BRI 82 A R R B R B AR, B T —ME T EEERARER
FERRBATE MR BN R PR, PRSI EA®35.6 mm, FETHSI, Mo REE =2-202dB. FEHARITHE
5K TFRRZIHATI o, WA T S5 mHRERERBEBER A .

K §Eia

SRS, BEIRS), HRE%ME

Research on Towed Thin-Line

Array Based on Weakly Transversely
Coupled Thickness Vibration
Sensing Unit

Zhiyuan Chenl, Shuang Liu1.2.3*

ICollege of Underwater Acoustic Engineering, Harbin Engineering University, Harbin Heilongjiang

’National Key Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin
Heilongjiang

3Key Laboratory of Marine Information Acquisition and Security (Harbin Engineering University), Ministry of
Industry and Information Technology, Harbin Heilongjiang

Received: January 22, 2026; accepted: February 23, 2026; published: March 18, 2026
"EHAEE .

EF|H: BREOE, NI FET ISR R G R R S R B T I HE AL PRI TT 0] (XS5 BEA, 2026, 14(1): 83-91.
DOI: 10.12677/iae.2026.141011


https://www.hanspub.org/journal/iae
https://doi.org/10.12677/iae.2026.141011
https://doi.org/10.12677/iae.2026.141011
https://www.hanspub.org/

MRz, x5k

Abstract

Small underwater mobile platforms are limited by their own volume and cannot carry large-scale pas-
sive receiving equipment, which greatly restricts their capability of receiving underwater targets.
In this paper, a finite element model of a sensing unit with weakly transversely coupled thickness vi-
bration is established and its electroacoustic characteristics are optimized. On this basis, a towed thin-
line array based on thickness-receiving-mode sensing units is designed, with an array diameter of
®35.6 mm, 8 array elements and an element sensitivity of 2-202 dB. Through the comparative anal-
ysis of finite element simulations and underwater tests, the effectiveness of the weakly transversely
coupled thickness vibration receiving mode is verified.
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Figure 1. Piezoelectric ceramic sensing unit
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Figure 2. Schematic diagram of sensing unit structure
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Figure 3. Finite element simulation model
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Figure 4. Effect of piezoelectric ceramic length / on receiving sensitivity
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Figure 5. Effect of thickness ¢ of monolithic piezoelectric ceramic on receiving sensitivity
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Figure 6. Effect of gap size a on receiving sensitivity
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Figure 7. Optimized sensitivity curve
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Figure 8. Static pressure analysis of sensing unit
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Figure 9. Sensing unit structure
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Figure 10. Bonded piezoelectric elements and metal casing

10. #HEFHERRRERT

X REBS I (K% R T M o S A B RO SIE RIS, Wl 11 o

Figure 11. Diagram of single array element
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Figure 12. Array composition and physical object
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Figure 13. Towed thin-line array tested in anechoic tank
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