43 EH 4 W A S SN Vol.43, No 4
2024 £ 8 H Technical Acoustics Aug., 2024

SIAMER: skl £ &k, B0, & WO 88 REUETHERHE RGEHIFUI]. HEHR, 2024, 43(4): 593-600. [ZHANG Kai, WANG Yue-
bing, ZHAO Peng, et al. Research on sensitivity measurement and calibration system of laser hydrophone[J]. Technical Acoustics, 2024, 43

(4): 593-600.] DOI: 10.16300/j.cnki.1000-3630.2024.04.019

B HKI 28 R I B RO RGERIR
R, TAR, & B, REF

(R R RF T R TR, Wi s 310018)

R i KT 2% RBUZ AR T2, TTRR T O a2k T 28 RABUZRHAE RS RN TE . MR O eI K T 2% R AU
MR FEARFEIE, 56 W B N AMEICHT T, R IR I8 78 4% i IO R /K I #s RSB AS HE T 1L T DI & R 8¢
Wil DL BR AL G MR AT AR 1 I K5 77 305 e B 75 3718 BRIKI A0 s SRR R I 38 75 A i 7 I S AT BE R IR X A
AT RN R 22 K I W R, S RO 7R A R AN AT T L, RS BB AT T S . (ARG
SR AT A R i SRR AR — B, SR T AR VS IR (AR T, I ISR T AR IR R A fe SRR .
Wb 7 ORI 8 R R HE RS, PR TAHESEES . SO ISRae 45 R 5 = e Ae 88 T 50 VR IR i 45 2 1]
MR ZEAE 1 dB, i IZIR R GH /KT 38 R BUE R RE ), HoA B M A R A

XA KT REUE: R BORIIRECAR
FEDHES: TBS6 XHRFRAERD: A XEHS: 1000-3630(2024)-04-0593-08

Research on sensitivity measurement and
calibration system of laser hydrophone

ZHANG Kai, WANG Yuebing, ZHAO Peng, XIE Jianyu
(College of Metrology & Measutement Engineering, China Jiliang University, Hangzhou 310018, Zhejiang, China)

Abstract: To meet the needs of hydrophone sensitivity calibration, the hydrophone sensitivity calibration system using
laser method is studied. According to the basic principle of the laser method based hydrophone sensitivity
measurements and the comprehensive analysis of relevant research works at home and abroad, the laser method using
the reflective and transparent strip is finally adopted to design the measurement system for eliminating the influence of
clamping way and clamps on the sound field in the traditional thin-film method. In order to study the problem that the
resonance of the reflective and transparent strip in the measurement frequency band causes the big measurement error
at the corresponding frequencies, the vibration mode of the reflective and transparent strip is simulated, and the
simulation model is verified by experiments. The simulation results are basically consistent with the measurement
results of frequency responses of the strip, and the accurate prediction of the resonance frequencies of strip is realized.
Thus, it is confirmed that the model has a guiding role for strip selection. The hydrophone sensitivity measurement and
calibration system using laser method is developed, and calibration experiments are carried out. The error between the
experimental results and the calibration results of the three-transducer reciprocity method is less than 1 dB, which
proves that the test system has the capability of hydrophone sensitivity calibration and has high military and civilian
values.
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system using laser method
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Table 1 Simulation results of resonant frequencies of the
strips with different thicknesses

s WA/ Hz

JfE/mm —Fr = Ly
0.37 3850 7050 10 550 11 800
0.63 3050 4500 6150 12 050
1.60 3050 6100 9150 16 750

33 FHZIBHIRENSNERND K

KHE RS SE M E 8 R . RHERFLE—K
/N 2.1 mx1.2 mx1.2 m f 3% 38 K 46 R k4T AR
THENLEHNE SIS N DG4000, ADC 43 #E% N
1467, FKRFER N4 MHz, 774 104N 8 B 1
SZRKHEANE T, B TR BOK AR (LSP-100)8UK J&
A B R (LY-20 NERK T 88, ARSI TGy 2~
50 kHz, AR N 45 kHz, FRFEN2.6). X4
AR 17 kHz B, kKR 882 mm. FIH #(4)
AT REUE W HENEERES RSN
DG2000, i KFFEZ N2 GHz)I0 s MO6 R K
KT ER 5 S, RS AN R R AT 2R
S ARIE . KO AL B S KT g B E A,
P S RN T R — s, [EEN 0.4 me /KT #s Y
5N 6 T /NERKWT 25 (R BUE N-196.7 dB-V-pPa’,
A 49 22 30 Bl SN 280 kHz) . A 36 Wi 7 4k By 7E 5~
20 kHz [ N 34T .

K8 KHERGEY
Fig.8 Picture of calibration system

3 IS AN ) JBE JEE 6T (A A i 7 pt 2 AT T 5
Bk T A PR AP i N AN 2], R A N
BEAT T UA— AL TR, RIS 257 A ME Rk BAiZ 7K
I U R IR W 5 5 R RN 0.370.63,
1.60 mm 55717 FR AT 1 S8 FR) S 56 235 RN 7 45 2R A
K9 FR.

1.0

— JIREER
%
fi?.g 0.6
>
L o4t
0.2 \v
N I T N N,
4 6 8 10 12 14 16 18 20 22
iZ /kHz
(a) 0.37 mm /& i 44
1.0 —
—— SIGLE IR
08t v (HER
X
iijg 0.6
x~
l 04-
o O
02+
0.% WWMW%WMM
4 6 8 10 12 14 16 18 20 22
(b) 0.63 mm 5 J& 47
1.0 -
— SRIREER
X
% 0.6
>
l 04-
o O
0.2 W

O4 6 8 10 12 14 16 18 20 22
AR /kHz
() 1.60 mm & JiF 4674
9 ANIR]JELEE SR R R i 2K P SRR 45 S ) LA AT L
Fig.9 Comparison of the tested and simulated frequency re-
sponse curves of the strips with different thicknesses

PR 0 N S 5 7 BT SEAS B TR ARG EE
R 2 o, A7 FOB R S I R AR R 22
FE8% VAN o SE PRl AR NI, A7 AE SR T T3

Table 2 Comparison of experimental and simulation results
of the resonant frequencies of forced vibration of
the strips with different thicknesses
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