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Development and application of the FBG strain sensor for ship
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Abstract ; For the ship health monitoring, it needs to ensure the accuracy and reliability of the strain sensing. To achieve this objective,
a fiber Bragg grating (FBG) based on the traceable strain sensor is designed in this study. The strain sensor is optimized with high
precision, and it can be repeatedly installed and calibrated. A special calibration device for FBG strain sensor is designed. Its
measurement value can be traced back to the national length standard. The performance of the traceable strain sensor is evaluated by
loading experiments. Results show that the maximum nonlinear error of the strain sensor is 3.4 pe, and the repeatability is 3. 1 pe.
These results prove the high accuracy of the proposed strain sensor. In addition, the wave load tests are also implemented in the standard
pool simulating, which includes the actual wind and wave environment by installing the proposed traceable strain sensor on the ship
structure model. It proves the reliability of the proposed strain sensor. The static loading experiment of the sensor is carried out, and the
measured data of the sensor arein agreement with the theoretical calculation results. Therefore, this studyprovides an effective tool for
strain sensing, especially forthe ship on-line health monitoring system.
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Fig. 1 Working principle of thetraceable FBG strain sensor
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Fig.2 FBG strain sensor substrate
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Fig.3 Cloud chart of finite element analysis of FBG

strain sensor substrate

KA R

K4 B RIS

Fig. 4 FBG strain sensor substratebeing encapsulated
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Fig. 5 Strain sensor calibration device

T 6526 RIS A AE /N R B, W
ERARN L 45 (0 s AR R I 15225 ALY (BT D 45
%) U 6 FIT /% | FE 2 FT W DU P 25 o B P S 3, 50
PN B LS AR A iR 25 K/IMHSE , T Inl A s, BV A
B AL AR BRI AL = AL+ Al FTAL = AL - Al
E%W%%@%%&ﬁﬂ?ﬁﬁéi;%:ALWﬂ%

BRI B BURD™ A AR AR R 22

YA —_
Bl 6 GRS B A R 2

Fig. 6 Displacement error caused by slide tilt
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Table 1 Calibration data of strain sensitivity coefficient

of the sensor
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Fig.7 Calibration device of the FBG strain sensor
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Fig. 8 Loading experimental data of the FBG strain sensor
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Fig. 11  Fiber Bragg grating strain sensor for ship mounted

on bending moment beam
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Table 2 Experimentalparameters of wave load

on the ship model
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Fig. 14 Wave load measurement data of hull model
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