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Fig. 1 Design structure and transverse vibration diagram of fiber laser hydrophone
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Table 1 Natural frequency of fiber laser obtained by finite
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Table 2 Natural frequency of fiber laser obtained by finite

element simulation (with fluid-structure coupling)
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Table 3 Initial wavelength and prestress of fiber laser

hydrophone
Number nitial Actual Prestress /pm
wavelength /nm wavelength /nm
22304 1534. 58 1534. 815 235
22416 1536. 88 1537. 140 260
22417 1536. 86 1537. 290 430
22506 1539. 32 1539. 770 450
22206 1532. 18 1532. 810 630
22705 1544, 02 1544. 695 675
22804 1546. 42 1547, 230 810
22605 1541. 64 1542. 480 840
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Table 4 Prestress of fiber laser hydrophone and resonance

frequency corresponding to sensitivity curve

Number Prestress /pm  Resonance frequency /Hz
22304 235 315
22416 260 315
22417 430 400
22506 450 400
22206 630 500
22705 675 500
22804 810 500
22605 840 500
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Abstract
Objective Fiber laser has the advantages of high-power laser output, narrow linewidth, and short cavity length,

among others. It is very suitable for fiber laser hydrophones designed through sensitized packages. When the optical

fiber laser hydrophone adopted axial tensile type packaging sensitization, fiber laser was regarded as the core sensor,

and both ends of the fixed way were fixed by the sensitizer. Under the external sound field, the bending vibration of

the fiber grating easily occurs, causing uneven drift of the fiber grating central wavelength and significantly

fluctuating the frequency response of the hydrophone. Therefore, this study investigated the mechanism of the

bending vibration of the fiber laser hydrophone in the diaphragm packaging structure. The analysis results provided a

reference for the subsequent improvement of the packaging technology of the fiber laser hydrophone.
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Methods Based on the transverse vibration theory of beam, the mode and natural frequency of bending vibration of
fiber laser were analyzed by setting boundary conditions according to the actual encapsulation and fixing mode. In
finite element modeling, considering the specific structure of fiber laser on the diaphragm assembly fixed effect, this
study analyzed air and water media of fiber laser vibration mode and natural frequency under different prestresses.
Under fluid-structure interaction conditions, the harmonic response analysis was applied to optical fiber laser
hydrophone to analyze fiber laser within the working frequency of the first-order natural frequency response.
Finally, fiber lasers with different prestresses were packaged in batches, and the frequency response of the
hydrophone was measured using the vibrating liquid column method.

Results and Discussions In the working frequency band below 1 kHz for the towed array, the influence of
resonance caused by the first natural frequency of the fiber laser was mainly considered. The frequency response of
the fiber laser hydrophone was determined by the uniform change of the central wavelength of the grating under axial
compression and the uneven change of the central wavelength of the grating under the transverse resonance. The
average strain under radial sound pressure had little influence on the sensitivity when the hydrophone was placed far
away from the first natural frequency of the fiber laser. In contrast, the strain under axial sound pressure played a
dominant role, and the frequency response of the hydrophone was flat. At this point, the average sensitivity was
approximately —135 dB. When it was near the first-order natural frequency of the fiber laser, the average radial
strain changed dramatically due to the influence of resonance. Additionally, it significantly influenced the sensitivity
of the hydrophone, which determined the resonance peak of the frequency response of the hydrophone. At this point,
the resonance peak sensitivity was approximately —125 dB. Table 1 shows the simulation results. Figs. 8 (a) and
(b) show the harmonic response analysis of fiber laser hydrophone. The experimental results of the vibrating liquid
column method (Fig. 11) are consistent with the above conclusions.

Conclusions The simulation and experimental results show that the fiber laser at both ends of the fixed way has a
greater influence on the natural frequency of the fiber laser. The metal diaphragm hard fixed way of practical
constraints can be considered in the middle state of the clamped and simply supported beam model boundaries, which
is closer to the simply supported condition. At low frequencies below 1 kHz, the bending vibration response of the
fiber laser is highly related to the first-order natural frequency. In a certain range, the first-order natural frequency
of bending vibration of fiber laser increases as prestress increases, which also increases the resonant peak frequency
of hydrophone acoustic response. Moreover, hydrophone acoustic response changes dramatically near the resonant
peak. Subsequently, the constraint boundary of the fiber beam model can be reset for different design structures.
Combined with finite element simulation and experiment, the influence of different fixing modes and packaging
structures on the bending vibration of the fiber laser can be further studied.

In the beam model, the variation of the natural frequency of the fiber laser with prestress is consistent with the
actual situation. However, the numerical solution of the natural frequency of the fiber beam model is larger than the
actual situation under simply and fixed supported boundaries. This is because the small axial displacement is usually
ignored in the transverse vibration analysis of the actual beam model. However, the natural frequency of the fiber
laser is inevitably affected by the Poisson effect; it decreases the natural frequency. Additionally, the optical fiber
beam model of simply and fixed supported on both ends of the constraint conditions and actual packaging are slightly
different. Furthermore, packaging materials and the installation of combined components affect the vibration
characteristics of fiber lasers. Considering the concrete structure finite element model, the corresponding natural
frequency and vibration fluid column experiments have a good match. Therefore, the theoretical model can be
refined according to the fixed mode and structure of the fiber laser, combined with the characteristics of the fiber
laser to obtain a corresponding numerical solution, which is consistent with the actual solution.

Key words fiber optics; diaphragm package structure; bending vibration; fiber laser hydrophone; prestress
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