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Strain Transmission Ratio of a Distributed Optical Fiber Sensor with a

Coating Layer

S. Y. Yoon*, I.B. Kwon**, H.S. Yu*, E. Kim*'

ABSTRACT: We investigate strain transmissions of a surface bonded distributed optical fiber sensor considering strain
variation according to positions. We first derive a strain transmission ratio depending on a wavelength of a strain
distribution of the host structure from an analysis model. The strain transmission ratio is compared with numerical
results obtained from the finite element method using ABAQUS. We find that the analytical results agree well with
the numerical results. The strain transmission ratio is a function of a wavelength, ie. the strain transmission ratio
decreases (increases) as the wavelength of the host strain decreases (increases). Therefore, if an arbitrary strain
distribution containing various wavelengths is given to a host structure, a distorted strain distribution will be observed
in the distributed optical fiber sensor compare to that of the host structure, because each wavelength shows different
strain transmission ratio. The strain transmission ratio derived in this study will be useful for accurately identifying
the host strain distribution based on the signal of a distributed optical fiber sensor.
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Fig. 1. Analysis model of an attached OFS on the surface of a
structure

Table 1. Dimensions and mechanical properties of theoretical

model [13]

Descriptions Symbols | Values (Units)
Young’s modulus of OFS E¢ 73 (GPa)
Poisson’s ratio of OFS \L 0.17
Young’s modulus of Coating E. 69 (GPa)
Poisson’s ratio of Coating v, 0.33
Young’s modulus of Adhesive E, 3 (GPa)
Poissons ratio of Adhesive v, 0.35
Young’s modulus of Host E, 168.1 (GPa)
Poisson’s ratio of Host vy, 0.26
Outer radius of OFS Iy 62.5 (um)
Outer radius of Coating I, 125 (um)
Minimum thickness of Adhesive min 10 (um)
Maxium thickness of Adhesive tmax toin + I (Hm)
Length of model L, (Parameter)
Height of Host h 0.25 (m)
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Fig. 2. FEA result of an attached OFS (a) Cross section of the
model (b) Comparison between the host strain and the
OFS strain (c) Strain transmission ratio
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