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Design and test of fiber optic hydrophone element for
deep-sea application

SUN Xiaoyuan, GUANG Dong, DENG Caoyuan, YU Benli’

(School of Physics and Optoelectronic Engineering , Anhui University, Hefei 230601, China)
* Corresponding author,E-mail: benliyu@ahu. edu. cn

Abstract: In order to improve the acoustic sensitivity of a fiber optic hydrophone in a deep-sea environ-
ment, a deep-sea fiber optic hydrophone element based on a push-pull mandrel structure was designed. It
could effectively detect target underwater acoustic signals of 10 Hz-2 kHz at 3 000 meters in the deep sea.
First, based on the Michelson interferometer, the composition and acoustic sensitivity of the fiber optic hy-
drophone with a push-pull mandrel structure were introduced. Then, the acoustic pressure conversion
mechanism was analyzed using elastic mechanics theory. Afterward, the influence of the elastic tube struc-
tural parameters of the hydrophone primitives on acoustic sensitivity was simulated via the finite element
method. Meanwhile, the working stability under deep-sea conditions was explored. According to the cal-
culation results, five groups of fiber optic hydrophone elements with different structures and manufacturing

processes were fabricated. Finally, the working performance of the five groups of fiber optic hydrophones
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at 3 000 meters deep-sea was tested using a high hydrostatic pressure acoustic sensitivity system to verify

the influence of structural parameters and manufacturing processes on acoustic sensitivity in a deep-sea en-

vironment. The experimental results show that the structure parameters and fabrication process of fiber op-

tic hydrophone can significantly affect its working performance and stability in deep-sea environment. Af-

ter optimization, the fiber optic hydrophone's response of underwater acoustic signal in 10 Hz-2 kHz fre-

quency band at 3 000 meters deep-sea can reach —127 dB re rad/pPa, which is 7 dB re rad/pPa higher

than before. It basically meets the requirements of high sensitivity and reliable detection of sound waves

for deep-sea application.

Key words: fiber optic hydrophone; push-pull mandrel structure; pressure acoustic sensitivity; hydrostat-

ic pressure test
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Fig.1 Schematic diagram of a fiber optic interference system
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Tab.1 Structural parameters of fiber optic hydrophones

Outer tube Inner tube o ) ) ) o Number of
No. . . Stiffening ring Fiber coil position !
thickness/mm thickness/mm fiber layer
1 1.6 1.4 Without Evenly 1
2 1.85 1.5 Without Evenly 1
3 1.6 1.4 With Evenly 1
4 1.6 1.4 With Center 2
5 1.6 1.4 With Two ends 1
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