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Flexural Disk Accelerometer

A Three-Dimentional Vector Hydrophone Based on Fiber-Optic
Jin Mengqun Zhang Zili

Wu Guojun Ge Huiliang
Hangzhou Applied Acoustic Research Institute, Hangzhou, Zhejiang 310023, China

Abstract Fiber— optic vector hydrophone (FOVH), with many advantages including high sensitivity, large

dynamic range, intrinsic immunity to electromagnetic interference and light weight, is becoming a hotspot of
new-—style vector sensors. For array applications, finite element methods and experimental results of the fiber—

optical flexural disk vector hydrophone are discussed (FOVH). Two finite element analysis methods are

presented to forecast the performance, fiber—layer equivalent method (FLEM) and fiber—layer division method
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(FLDM), then a fiber— optic flexural disk vector hydrophone is developed and related metrology aspects of

fiber—layer division method; pressure phase sensitivity

OCIS codes 060.2370; 060.5060; 120.7280; 130.0250

measurement is demonstrated. The experimental results are presented that pressure phase sensitivity of the
hydrophone is —182 dB@100 Hz~-158.5 dB@1000 Hz (ref.1 rad/pPa) at the range from 100 Hz to 1000 Hz. The
cross—sensitivity is less than —30 dB. It possesses a good directional performance.
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Fig.1 Simplified model of flexural disk accelerometer
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Table 1 Parameters of silica fiber

Parameter Symbol Value
Pockels coefficient of fibre pu 0.121
Pockels coefficient of fibre P2 0.270

Poisson ratio of fibre o, 0.17
Wavelength of light A 1550 nm
Refractive index of fiber n 1.456
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Fig.2 Vibration modes of fiber coil. (a) First vibration mode; (b) second vibration mode
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Table 2 Material parameters of each fiber layer

Young's modulus /Pa Poisson ration Density /(kg/m”)
Fiber core layer 7.2x10" 0.17 2202
Inner coating layer 5.0x10° 0.50 970
Outer coating layer 2.1x10* 0.49 1190
Glue layer 8.0x10’ 0.245 1080
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Fig:3 Finite element gridding model of the fiber-layer division method
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Fig.4 Average axial strain of the accelerometer

4 RS IIE

Pl 3 — AL UM T G 0 PR TR L V0 R B S TR 8 Ah S AR L
S5 R R SE S b 50 mmx0.5 mm , LT L8 — 2 L 5y LAk SR8

S 25 K T 35 1 i 3 3k BT AL AR T (PG COMF T T 33 M U1 1R S 2% il A 945, SR PGC M
VA7 35 RS A (PG ) VD T3 0 135 5 0 o 0 135 5 130 b o0 — 2L 28 5o (G 00 D 28U 009 16 2815 5
FHAA 58 SR TR (DCM) 258 5 0k 37 12 5 b B0, T4 28 120 3 0 D075 0 RGE T R VR 135 5. SR 0 PG ¥R 7 2k 19
12 5 A A 15 e A R S TR

St V2 RE S AT T SR AR T LK A R T R T e 3 SR 5 TR Bl 07 L B 1
SRR 6 BT . b T AT L 76 SR LTI F L 6 £F S5 a2 1 I 2 S5 4 A0 2 10 T4 2% SR o 433

10 ~FLEM
38 ~=-FLDM
36 ...... «—test
34
B3
2
= 30 i
£ 28 ]
= W
o — o e
24
22
T2 10°
Frequency /Hz
Bl5 i ASCAR SRR I A5 o I A5 ki 1R Pl 6 1 i A PR 7 7 o T s B2 A I B R ARE 7y B L
Fig.5 Input optical signal and spectrum of Fig.6 Comparison of sensitivity emulation of accelerometer

demodulation signal using two finite element methods
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Table 3 Comparison of sensitivity of pressure hydrophone using two finite element methods

Fiber coil layer Test(ref. 1 rad/ ppa) FLEM FLDM
1 -139dB -141.2 dB/-2.2 dB -138.8 dB/+0.2 dB
2 -136 dB -139.1 dB/-3.1 dB -135.8 dB/+0.2 dB
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Fig.9 Directional test result at 1 kHz
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