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A Study on Characteristics of Sagnac Interferometric Optical Fiber Sensor to
Pulsed Ultrasonic Signal in Underwater
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Abstract - In this paper, we present the fabrication and characteristic analysis of Sagnac interferometric optical fiber
sen;;or(OFS) system for detecting pulsed ultrasonic signal in underwater. The hollow cylindrical mandrel wound round by
single mode optical fiber is used as sensing component. The ultrasonic signal source is simulated by the PZT actuator
operated by an function generator. The distance dependency of the OFS’s sensitivity was measured. The sensitivity has
been shown to be inversely propotional to the square-root of distance between ultrasonic source and sensing component.
It has also been shown that the OFS could detect the signals less affected by ultrasonic path comparing to conventional
acousto—electric sensor, and accurate location of ultrasonic signal could be carried out using two OFSs.
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Table 1 The optical fiber bending loss depending on
diameter of mandrel

4 ZAlcnl 2 & 9N & 4A[dBml
o 0.357 -4.47
6.5 0.354 -451
5.0 0.366 -4.30
35 0.365 -4.37
2.0 0.070 -11.55
1.5 0.011x 107 -49.55
0.7 008 x 10° -70.92
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Fig. 2 Photograph of the hollow cylindrical opticat fiber
mandrel sensor
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Ch.2. Signal detected by Sagnac OFS
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Table 2. Parameters calculated by least-square curve
fitting on Fig. 5 data

=8 | parameter | 1-ayer | 2-layer | 3-ayer 2

a 10.93 20.92 60.77

X 1.07
b -0.44 -0.44 -0.42
a 42.00 103.98 199.4

Y 0.62
b ~0.52 -0.50 -0.58
a 27.55 78.13 140.58

4 0.59
b -0.54 -0.55 -0.62
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Fig. 6. Experiment setup for locating ultrasonic
sources by two OFSs
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Fig. 9. Layout for path dependence experiment of AE
sensor and OFS in water-tank.
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Table 3. Measured elapsed time from AE sensor and
OFsS.
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