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Abstract In view of the nonlinear relationship between displacement and bending loss in traditional fiber bending
loss displacement sensor, and the problem that high sensitivity and large scale cannot be obtained at the same time,
we design a novel displacement sensor based on the bending loss of U-type winding fiber. The fiber consists of a
U-type turning and a spiral winding around the shaft, which of them are called U-type winding. It is proved
theoretically that there is a linear relationship between the measured displacement and the bending loss. We deduce
the expression of them, discuss the effect of spiral winding on the bending radius of fiber and the effect of U-type
turning on the accuracy of the sensor, and carry out a series of experimental studies and performance tests.
Experimental results demonstrate that displacement sensitivity of the sensor is 0.14 dB/mm in the range from 0 to
120 mm, and the linear correlation coefficient is greater than 0.99. There is no stress relaxation of the optical fiber
in the winding process. It is suggested that the radius of curvature of the U-type turning fiber should be larger than
6 mm. The displacement sensor based on the bending loss of U-type winding fiber has good measurement precision
and large scale. It can realize the monitoring of concrete structure cracks and continuous monitoring of the
displacement of large structure.
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Fig. 1 Schematic diagram of displacement sensor
structure of fiber bending loss
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Table 1  Fiber bending loss in displacement sensor

Displacement Bending loss /dB Standard
Direction
/mm 1 2 3 4 5 6 7 8 9 10 deviation /dB
Up 2.69 2.70 2.66 2.70 2.68 2.65 2.66 2.68 2.70 2.69 0.0176
20.0 Down 2.71 2.67 2.71 2.71 2.68 2.70 2.67 2.68 2.71 2.70 0.0162
Up 5.43 5.44 5.42 5.39 5.43 5.44 5.42 5.43 5.43 5.44 0.0142
40.0 Down 5.73 5.73 5.71 5.74 5.70 5.71 5.70 5.70 5.74 5.70 0.0157
Up 7.17 7.16 7.19 7.14 7.16 7.16 7.18 7.18 7.15 7.15 0.0150
60.0 Down 6.91 6.91 6.92 6.93 6.93 6.90 6.92 6.92 6.90 6.91 0.0102
Up 9.69 9.70 9.73 9.70 9.71 9.69 9.72 9.69 9.71 9.72 0.0136
80.0 Down 9.64 9.65 9.69 9.64 9.62 9.62 9.62 9.65 9.62 9.63 0.0143
Up 12.50 12.47 12.51 12,48 12,47 12.47 12.49 12.48 12.48 12.50 0.0136
100.0 Down 12.62 12.61 12.63 12.63 12.59 12.62 12.62 12.60 12.61 12.61 0.0108
Up 15.32 15.32 15.35 15.36 15.37 15.33 15.35 15.34 15.32 15.32 0.0178
120.0 Down 15.28 15.27 15.30 15.28 15.29 15.27 15.29 15.27 15.29 15.28 0.0098
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