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Strain Transfer Model of Fiber Sensors under Non-Axial Stress
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Abstract :

sensor’s interlayer. A strain transfer model is developed based on shear-lag theory for evaluating the interaction

There is a strain transferring ratio between structure and fiber Bragg grating sensor for the existence of

between the surrounding host material and a length of fiber Bragg grating sensor embedded in it, when there is an
angle existence between the sensor axis and the external principal stress direction of the host material. And the
general formula of average strain transfer rate is deduced at the same time. The fiber Bragg grating sensors were
used to verify the theoretical results. When the angle « is 30.72°, the wavelength changes ratios of experimental
results are 0.727,0.738,0. 746 respectively; and the theoretical result is 0.739, the errors are less than 2% . At
last, strain measured error which are induced by sensor location angle deviation is discussed. The result indicates that
the strain transfer models that the fiber Bragg grating sensor under non-axial stress and axial stress are greatly
different, and the measured results have some errors because of the angle location error of fiber Bragg sensors.
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length dz of interlayer, (c) representative volume element
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Table 1 Mechanical properties of the optical fiber
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and interlayer

Material parameters Value
Young's modulus the glass fiber E,/Pa 7.2X10%
Young's modulus the interlayer E,/Pa 2.55X10°
Poisson ratio of the interlayer y, 0.48
Radius of the outer boundary of the interlayer
T/ pm 102.5
Radius of the glass fiber r,/um 62.5
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Table 2 Test results of fiber Bragg grating sensors

(25)

The first The second The third

group group group
Test result (¢;) 0. 727 0.738 0. 746
Theoretical result (c;) 0.739 0.739 0.739
Error (c1—¢2) / ¢ 1.6% 0.1% 0.9%
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