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Abstract: In view of the need of high sensitive water level real-time monitoring, we propose and demon-
strate a Fiber Bragg Grating (FBG) based accurate water pressure sensor, which relies on the design of a

push-pull sensing structure consisting of a dual of FBGs experiencing opposing compression/dilation, inte-
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grated with other mechanical stress-amplification elements. A composite sensing unit was constructed us-
ing a circular elastic membrane, a force transmission rod, a slider, and a pair of FBGs to achieve efficient
conversion of pressure optical signals. Based on the elastic mechanics theory modeling and the finite ele-
ment simulation analysis, a linear response model between the wavelength offset and the pressure for the
dual FBG push-pull sensing system was established. Experimental testing of the sensor established the fol-
lowing technical parameters of the sensor: pressure sensing range 0-2 MPa, pressure sensitivity 1 820. 05
pm/MPa, linearity 0.69% , repeatability 0.56% , response time 0.55 s, indicating that this sensor has
high pressure sensitivity, good stability, fast response speed, and extremely weak creep characteristics.
Of especially noteworthy is the insensitivity of the sensor to minute environmental temperature variation,
with a temperature sensitivity of 0. 000 6 pm/°C. Our research work demonstrated the present approach
can not only achieve high sensitivity and large sensing range, but also effectively minimize the cross-sensi-
tivity between temperature and pressure, realizing temperature self-compensation and shielding from other
environmental perturbations. As this fiber optic sensor is completely passive, without electrical power on
the wet-end, and easy to multiplex, it has the potential of playing a decisive role in future oceanic applica-
tions.

Key words: underwater pressure sensor; fiber Bragg grating; push-pull; pressure response characteris-

tic; temperature insensitivity
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Fig.1 Design sketch and physical diagram of sensor

structure
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Fig.2 Diagram of the force model of the diaphragm
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Tab.1 Performance parameters for the water pressure

sensor

Symbol Physical significance Value
ArpG Wavelength value of FBG1 1535 nm
ArpGe Wavelength value of FBG2 1540 nm

A Optical fiber's cross-sectional area 0.012 3 mm’
/ Optical fiber's length 35 mm
E, Optical fiber's elasticity modulus 72 000 N/mm®

Optical fiber's elastic optical coef-

b ficient 0210

R Elastic diaphragm's radius 21 mm

£ Stainless steel 316L's elasticity 193 000 N/
modulus mm®

2 Stainless steel 3161.s poisson ratio 0.3

h Elastic diaphragm's thickness 1.9 mm

r Dowel bar's radius 1.5 mm

/s Sliding friction coefficient of slider 0.008
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Fig. 3 Relationship curve between diaphragm parameters and the pressure sensitivity and measurement range of the sensor
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Fig.9 Curve of the central wavelengths of FBG1 and FBG2 with pressure during three testing processes
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Tab.2 Comparative analysis of performance of proposed sensor with recently reported schemes

Citation Sensitivity/(pm-MPa ') Sensing range/MPa Liner dependence
This work 1 820. 050 0~2.0 99.998%
Junhao Jing (2024'1*" 14 666. 000 0~0.6 99.990%
Vaddadi (2022)"" 19 240. 000 0~0.3 99. 640 %
Fan (2021)%" 3 402. 000 0~0.2 99. 850 %
Wang (2020)"* 1611.000 0~1.0 99. 985 %
Mingyao Liu (2020)"" 51.296 0~15.5 99. 696 %
Jia (2019)" 622.710 0~2.0 99. 996 %
Manuvinakurake (2018)!*" 1.030. 000 0~2.0 99. 940%
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