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Distributed acoustic sensing type special optical fiber structure design

Yu Shuangyong, Yi Wensuo, Chen Haoyue, Han Dongzi, Wang Xinrui

(College of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130012, China)

Abstract: The distributed optical fiber acoustic wave sensing (DAS) is a new kind of optical fiber acoustic sensing technology. Tis
mechanism is that the acoustic signal generates a weak deformation on the distributed optical fiber, which causes the change of the
refractive index of the optical fiber. Light produces coherent effects during transmission. DAS is not sensitive to quadrature component
signals. It is difficult to detect such signals with the straight horizontal optical fiber. In this article, the sensitivity of DAS detection
acoustic signal detection is mainly studied. The ANSYS simulation software is utilized to analyze the sound field's ability to perceive
acoustic signals of different physical models. The best solution of the physical model structure is analyzed, a physical model with high
sound perception ability is formulated. Experimental results show that the signal amplitude is increased by 3.94% on average. After
signal demodulation and denoising processing, it is concluded that the designed special optical fiber high-sensing structure can effectively
achieve better acoustic signal acquisition quality.
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Table 1 The measured values of dielectric tensor and

Pockels constant

ZHAEH ng = V&, Pu Py, Py
Hocker(1979) 1. 456 0.121 0.270 -0.0745"
Budiansky et al. (1979) 1. 460 0.13  0.28" -0.075
Hughes and jarzynski(1980) 0.1254 0.269° -0.07138
Lagakos et al(1982) 1. 458 0.126 0.27 -0.072"
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Fig.2  Single-mode fiber embedded in optical cable
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Table 2 Definition of optical fiber loss calculation variables
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A: Harmonic Acoustics
Sound Pressure Level 2
Type: Sound Pressure Level
Frequency: 1 000. Hz
Amplitude
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Fig.4 Sound pressure distribution cloud diagram in the plane area
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A: Harmonic Acoustics
Acoustic Pressure 2
Type: Acoustic Pressure
Frequency: 1 000. Hz
Sweeping Phase: 0. °
Unit: MPa
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Fig.5 Sound pressure distribution in the plane area
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Fig. 6 Sound pressure distribution of sound source to

three-dimensional rectangular
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B: Copy of Harmonic Acoustics
Sound Pressure Level
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Fig. 7 Sound source vs. stereoscopic rectangular sound

pressure distribution cloud diagram
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C: Harmonic Acoustics
Sound Pressure Level
Type: Sound Pressure Lewvel
Frequency: 1 000. H=
Amplitude

Unit: dB
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Fig. 8 Cloud diagram of sound pressure distribution

of sound source to cylinder
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C: Harmonic Acoustics
Acoustic Pressure
Type: Acoustic Pressure
Frequency: 1 000. H=
Sweeping Phase: 0. ©
Unit: MPa
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Fig. 9 The sound pressure distribution of the sound

source to the cylinder
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The relationship between the fiber curvature radius

and the winding diameter and pitch
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Table 4 Measurement data
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Table 5 Measurement data

BieR/He  WRUE/V O BR/H: fRIE/V O BIR/He  fRIE/V
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