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Investigation of Sound Pressure Detection of Fiber Optic Sensor
in Transformer QOil According to TLS and CW Laser Source
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To substitute TLS in the hybrid system which is combined with Sagnac interferometer and fiber bragg grating (FBG)
it is necessary to investigate how the laser source (TLS and CW) and sensor material variate the response of fiber
optic sensor, Two different hollow cylinder type mandrel materials are proposed which are PTFE and PTFE+carbon
and 18 m optical fiber is wounded at the mandrel surface, CW laser source experiments had been done in the oil tank
which is filled with transformer oil in the 1 kHz ~ 20 kHz frequency range, Also Sagnac interferometer fiber optic
sensor is combined with FBG called hybrid system and TLS used as a light source, Based on the experimental results
PTFE sensor showed more higher magnitude of detection signal rather than carbon sensor and this result is agreement
with the McMahon's theoretical results, Phase variation is inversely proportional to the elastic modulus of the mandrel
material, In PTFE fiber sensor, tunable laser source showed more higher performance rather than CW case, Therefore,
TLS fiber optic sensor can be applied to the hybrid system which is combined with Sagnac and FBG,

Keywords. Fiber optic acoustic sensor, Sagnac interferometer, Fiber Bragg Grating, Mandrel, Tunable laser source,

Acoustic frequency spectrum
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Fig. 1. Fiber optic sensor using Sagnac interferometer.
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Fig. 2. Photograph of the fiber optic sensor: (a) PTFE+
Carbon, (b) PTFE, (c) sound source.
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Fig. 3. Photograph of the experimental set up in the
transformer oil.
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Fig. 4. Fiber optic sensor and sound source (black: PTFE+
carbon sensor, white: PTFE sensor).
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Fig. 5. Diagram of the Sagnac interferometer experimental set up with four fiber optic sensor array.
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Fig. 6. Frequency spectrum of the detected fiber optic sensor
signal (sound source: 2 kHz ~ 3 kHz, horizontal axis:
frequency (500 Hz/div.), vertical axis: magnitude (10
dBV/div.)).
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Fig. 7. Experimental results of detected signal in the sound
frequency range of 1 kHz ~ 4 kHz using CW laser
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Fig. 8. Comparison of the detected signal magnitude between
two different material sensors (case of CW).
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Table 1. Comparison of response performance between in
air and in oil.

= Foke MM BR S/ (dBV) | S Bt (%)
PTFE sensor #1 7 9.1
PTFE sensor #2 26 30.9
1 kHz
Carbon sensor #1 13 20.3
Carbon sensor #2 7 135
PTFE sensor #1 31 39.6
PTFE sensor #2 22 26.8
2 kHz
Carbon sensor #1 19 29.7
Carbon sensor #2 20 27.9
PTFE sensor #1 48 53.3
PTFE sensor #2 33 36.3
3 kHz
Carbon sensor #1 28 36.4
Carbon sensor #2 24 28.3
PTFE sensor #1 30 324
PTFE sensor #2 26 304
4 kHz
Carbon sensor #1 34 418
Carbon sensor #2 24 30.2
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Fig. 9. Configuration of the hybrid fiber optic sensor system
(FBG+Sagnac FOS).
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Fig. 10. Photograph of the experimental set up using hybrid
fiber optic sensor system.
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Fig. 11. Photograph of the tunable laser source.
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Fig. 12. Detected signal frequency spectrum of the hybrid
system in transformer oil combined with FBG using
TLS as a laser source (sound source: 18 kHz,
horizontal axis: frequency (2 kHz/div.), vertical
axis: magnitude (20 dBV/div.)).
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Fig. 13. Comparison of the detected signal magnitude between
two different material sensors (case of TLS).
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Fig. 15. Frequency spectrum comparison of the FOS detected
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6 kHz, horizontal axis: frequency (1 kHz/div.),
vertical axis: magnitude (20 dBV/div.)).
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