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Two-way Coupled Analysis of Strain Transfer of Fiber Bragg Grating
Sensor

WU Ru-jun', ZHANG Xiao—feng', ZHENG Bai-lin*, CHEN Tian'
(1 School of Mechanical Engineering, Shanghai Dianji University,Shanghai 201318, China)
(2 School of Aerospace Engineering and Applied Mechanics, Tongji University, Shanghai 200092, China)

Abstract: There is an error between the measured strain of the fiber Bragg grating sensor bonded on the
surface of bending host material and the real strain of the host material. As a result, the issues of the
deformation mechanism and the relationship between measured strain and real strain of the fiber Bragg
grating sensor received considerable critical attention. First of all, the interaction mechanism between the
fiber Bragg grating sensor and the host material was studied. Then, finite element solution, experimental
value and theoretical solution were used for comparison and verification. Also, the causes of the errors were
analyzed. Finally, the influence of the parameters (e.g., Young's modulus, thickness, bonding length) on
the measurement effect of fiber Bragg grating sensor was studied. The results reveal that finite element
solution, experimental value and theoretical solution exhibit the same variation trend. The error between
finite element solution and theoretical solution is controlled within 2%, while the error between
experimental value and theoretical solution is controlled within 7%. The average strain transfer rate
increase with an increase of both the Young's modulus of the host material and the bonding length. Opposite
conclusion held for the decreasing elastic modulus of the adhesive and increasing thickness of the adhesive.
This theory has a certain guiding significance for the design of fiber Bragg grating sensors used for the strain
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measurement of the bending host material.
Key words: Optical engineering; Strain measurement; Mechanical analysis; Fiber Bragg grating sensor
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Table 1 Material properties
Optical fiber Coating Adhesive
Young's modulus/MPa 72 000 2.55 4 000
Thickness/mm 0.062 5 0.04 0.3
Poisson's ratio 0.17 0.48 0.3
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Table 2 Comparison of the average strain transfer rate

Bonding length/mm Experimental data ~ Theoretical solution 1 Error 1 Theoretical solution 2 Error 2
40(bare) 99.40% 97.03% 2.38% 98.73% 0.67%
50(bare) 100.24 % 97.61% 2.63% 99.32% 0.92%

23(coated) 87.71% 79.36% 10.52% 80.55% 7.16%
33(coated) 93.60% 85.30% 8.61% 86.58% 7.02%
44(coated) 94.67% 88.81% 5.83% 90.14% 4.53%
54(coated) 98.31% 90.94 % 7.37% 92.30% 6.01%
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Fig.9 Effect of the adhesive on average strain transfer rate
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