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Influences of Air Cavity on the Sensitivity of a Mandrel Type Fiber
Optic Acoustic Sensor
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ABSTRACT

This paper is on the sensitivity chamacteristics of a concentric composite mandrel type fiber optic acoustic sensor with
inclusion of an air cavity. With the finite element method, we have analyzed sensitivity variation of the sensor in relation
to its geometrical factors such as thickness of the air cavity, thickness of the foaming layer, and the ratio of inner
diameterjouter diameter of the mandrel. Results of the analysis suggest a thicker air cavity, a thinner foaming layer, and a
smaller ratio of the inner diameterfouter diameter of the mandrel to be desirable for higher semsitivity. The sensor
structure designed with the above mules provides the sensitivity of about 0.8dB higher than that of a mormal concentric

composite mandrel sensor without the inherent air cavity.
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Fig. 1. Schematic structure of the fiber optic acoustic sensor
(FOAS) with the air-backed Nylon concentic
composite mandrel{air-backed Nylon-CCM).
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Fig. 2. Radial displacement of the air-backed Nylon-CCM
FOAS at Q position under hydrostatic pressure(40
atro) with outer diameter of mandrel. (Brwmig = 1
GPa, Viuing = 04, t¢ : 2.5mm, ty : Imm).
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Fig. 3. Variations of the fundamental resonance frequency of
the air-backed Nylon-CCM FOAS{Lm = OD = 3cm;
ID/OD = 0.1; Frowmioe = 1 GP8; Vioming = 0.4} with
thickness of the air cavity.
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Fig. 4. Variations of the fundamental resonance frequency of
the air-backed Nylon-CCM FOAS(Lm = OD = 3cm;
tf = 1 mm; E{o\mhg = ]| GPa; Y foomlng ™ 0.4) with
ID{OD of the mandrel.
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Fig. 5, Variations of the sensitivity of the FOAS with the
gir-backed Nylon-CCM(Lm = OD = 3c¢cm; ID/OD =
0.1; Eoaming = 1 GP2; ¥ foaming = 0.4, ref. Sensitivity:
1 radf s Pa) with thickness of the air cavity.
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Fig. 6. Variations of the semsitivity of the air-backed
Nylon-CCM FOAS(Lm = OD = 3cm; ID/OD = 0.1;
Ercamiog = 1 GP2, v (uming = 0.4, ref. Sensitivity: 1
radf 2 Pa) with thickness of the foaming layer.
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Fig. 7. Varations of the sensitivity of the air-backed
Nylon-CCM FOAS(Lm = OD = 3cm; Eweming = 1
GPa; Vroaming = 0.4; ref. Sensitivity: 1 radf xPa) with
ID/OD ratio of the mandrel.
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fig, 8. Influences of thickness of the foaming layer on the
sensitivity of the Nylon-CCM FOAS without the air
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Table 1. Optimized geometry and sensitivity of the fiber optic
acoustic sensor with Nylon-CCM and air-backed

nylon-CCM.

Mandrel type Nylon-CCM | Air-backed
Nylon-CCM

D (cm) 12 0.3

oD (ecm) 3.0 3.0

Optimized ID/OD 04 0.1

geometry of Lu (cm) 4.0 3.0

The mandrel | 4 (mm) 4.5 1.0

ta (mm) 30

Sensitivity (dB; Ser = | rad/ «Pa)}  -79.3 785
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