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Distributed Feedback Fiber Laser Hydrophone Used in Flank Array

Tang Bo Huang Junbin Gu Hongcan Mao Xin
Department of Weapon Engineering, Naval University of Engineering, Wuhan, Hubei 430033, China

Abstract To reduce the fluctuation of a distributed feedback (DFB) fiber laser used in underwater sound detection, a fiber
laser hydrophone of encapsulated structure with two diaphragms is designed. This structure increases the activated area of
the acoustic pressure through the diaphragms, which is transformed to the axial strain in the fiber laser to realize the
enhancement of the pressure sensitivity. After the structure is analyzed by ANSYS, the prototypes of the new kind of
hydrophone based on the structure are fabricated and tested. Experimental results show that acoustic pressure sensitivity of
the DFB fiber laser hydrophone reaches to —136.9 dB with the fluctuation less than 0.5 dB in the frequency range of
2.5~10 kHz, which shows that the working frequency of the hydrophone is expanded to high frequency and it can well
meet the requirements for the engineering application of flank array.

Key words  fiber optics; distributed feedback fiber laser; hydrophone; sensitivity enhancement; flank array;
acoustic pressure sensitivity
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Fig. 1 Scheme of encapsulated structure of hydrophone
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Tablel Influence of the cylindrical bar on natural frequency of diaphragms
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Diameter of cylindrical bar /mm Axial strain First order natural frequency /kHz
0.5 2.1X10°" 22.7
1 1.7X10°" 16.8
1.5 1.26 X107 14.2
2 0.83X10°" 13.6
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Table 2 Influence of thickness of diaphragms on natural frequency

Thickness of diaphragms /mm Axial strain First order natural frequency /kHz
0.1 17X10 " 16.8
0.2 2.1X10°" 42.4
0.3 0.68Xx10° " 68.1
0.4 0.31x10 " 93.4
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Table 3 Influence of diameter of diaphragms on natural frequency

Diameter of diaphragms /mm Axial strain First order natural frequency /kHz
6 17X10° " 16.8
5 7.6X10°" 21.8
4 2.4X10°" 32.9
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Fig. 2 ANSYS calculated resonant frequency for enhanced sensitivity using diaphragm.

(a) First order resonance; (b) second order resonance
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Fig. 3 Longitudinal displacement responsibility in diaphragm center point
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Table 4 Parameters of DFB fiber laser hydrophone in the experiment

Number Output wavelength /nm Wavelength variation /pm
H521 1540.040 380
H842 1546.735 490
H530 1539.950 590
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Fig. 5 Experimental frequency response curves of DFB fiber laser hydrophone
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