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Influence of Environmental Conditions on the Sensitivity of a Mandrel
Type Fiber Optic Acoustic Sensor
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ABSTRACY

This paper describes the sensitivity stability of a mandret type fiber optic acoustic sensor with respect o its
enviromnental conditions such as hydrostatic pressure and underwater tempetature, The sensors under consideration have
various mandrel structures such as a cylindrical mandrel, a concent_ric composila:'mandrel, and an air-backed concentric
composite mandrel. The analysis results show that the sensors have such good robustness, less than 0.15dB, in its sensitivity with
respect to the variation in hydrostatic pressure. Further, the nylon concentric composite mandrel type sensor including an

air cavity turns out to have the most superior stability than others to the underwater temperature variations.
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Table 1. Geometry of the mandrel and matetial properties of
the constitutional parts the mandrel,

Material

'Mandrel type Geometry Parts propertis

Cylindrical | OD = Scm E=1 GPa
mandrel L, = 7cm ! vy =04

Al-CCM OD = 5¢m; ID = 2em Foami E=1 GPa
tr = 7.5mm; L, = 7cm oaming y =04

Nylon-CCM| OD = 3cm; ID = 1.2cm Foami E=1 GPa
tr = 4.5mm; Ln = dcm caming| , -04

Air-backed | OD = 3cm; ID = 0.3cm E=1 GPa
Nylcm—CCM = lmm; t, = 3IT|I||; memg y =04

Ln = 3cm

CCM: Concentric composite mandrel, OD: outer diameter, ID:
inner diameter, Ln: length of the mandrel, t¢ thickness of the
foaming, t,: thickness of the air cavity, E: Youngs modulus, v
: Poisson’s ratio
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Table 2. Thermal properties of the constitutional parts of the
mandrel type fiber optic acoustic sensor(FOAS).

Materials Thermal properties Constitutional parts
@ cre:5.5*107FC;
; & cloaing:10.2%10°7°C .
| fibe
Opiical fiber | @ -o.1gx1g%pc | Optical fiber
& wta1:64.1*10°°C
i s o Concentric composite
Aluninum a:22.7%10°°C Concen
215%10°°C Concentric composite
Nylon a mandrel
dE/dT:-0.4%
a:200%10°,°C Cylindrical mandrel,
Polymer Foaming layer
dE/dT:-0.5%
@ :180%10°°C _
Poly-urethane Molding layer
dE/dT:-0.85%

« : Thermal expansion coefficients, E: Youngs modulus, T:
Temperature
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Fig. 1. Varations of the semsitivity of the cylindrical mandrel
type FOAS with the hydrostatic pressure in water(ref,
sensitivity: 1 radf 4 Pa).
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Fig. 2. Varations of the sensitivity of the AI-CCM FQAS
with the hydrostatic pressure in water(ref. sensitivity:
1 radf z Pa).
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