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Experimental Investigation of the Acoustic Signal Detection Performance
for an Interferometric Fiber Optic Hydrophone

* 3 *x %%k ) k¥
ol F A A AAFT-FAEH

Jongkil Lee, Hyunggyu Yoon, Jaesoo Seol and Sunghyun Nam

(19974 54¥ 229 H4 5 1997d 79 99 A A EE)

Key Words @ Underwater Acoustic Signal(+%83F 413%), Fiber Optic Hydrophone(B4F %-&71), Mach-Zehnder
Interferometer(®}3t-#Mt] 7+ A), 3x3 Directional Coupler(3x3 W& A 7)), Passive
Homodyne Signal Processing(F% ZE2t}hel Al&xd)

ABSTRACT

Optical fiber sensor is a subject which has been attracted considerable attention in
recent years. Detection of sound pressure with optical fibers positioned in the arms of
a Mach-Zehnder interferometer is presented in this paper. A fiber length of the order
of 150m is wounded at the aluminum mandrel. To increase the sound detection
sensitivity the mandrel is made by hollow cylinder type. To get the stable sound signal
3x3 directional coupler is wused. Fiber optic hydrophone 1is installed at the
interferometer and sound detection performance is tested in the underwater tank with
2kHz sound source. Finally, it is shown that the fiber optic hydrophone can stably
detect 2kHz sound.

AN 2] A3 AL 9% (deep-sea noise leve) &
1. A 2 2 & e BFHF AS7E AFstd s
o}, o]AL AF}Ey] 4 3 LRolw Arle

BAGE o8& Ao A& L FAFTHE 7)E 7] Q& AA BAER A7 WL AEL F
o} g2 e U A7) fiber optic hydrophone) 9ot stk Stanton' Ve 2& F7b 4
o] wjd 7)%o] WE FAo] Folxm Yl (noise-equivalent pressure)< AAtst=d Foh
P70 et A e Ade ZEE Rol7l AF B olef=e 54& RdAe dygst] /&3 An
A g R A4 # dA=E9 HH 2 4o Price®e BAR V1) BEE B
Fzx A tste] o] 2 dAAHA AT 23 AMF-] FAR Aolst oF Stoll 2HE BATH
5] Qqr}6-10). ok AdE dzzM B st

Spillman'® %€ 100 Hz~1 kHz® F3& Shajenko'® & MM ¥l 27 FHFe Aol

W3l ZH & (refractive index) ol ¥EET HE

TR, AR TS of o A 4FL vjAdn P g 60

B A kHzel &€& ol&3tqd dPez FH kAT

tRASTESEHIX/A 7 A A 6 F, 1997/ 931



(10
Bucaro'?

Bucaro‘'?
Wedol] 22 @& Fxge HolA FAF g
Z 837l = AjskA] gt
et o g2 FFoXo FEHA= W= (mandrel)
BEARE AYdez e F4HF HSNE FF
A=x)sln FHA A (fiber optic interferometer)
THE ¥ FAZAYE B STUSE A3
Aot FHF7E olE S (sound field)H
ol A S¢T & FAHRe] Hol Lo wE F 4
A+ ¥slak(total phase change)&

fr oo = é

Ag= knLel——% n3kL

X( ey put ez bt €3 par)

(D

o2 Y 7| ke F3(optical wave number).
ne Z4 & (refractive index), e, JAHY =
¥ & (strain), pwE Pockel A4 olth. A ()=
2ol FAFe A4 HEF F H=e FARY 2
ol & WP F| vt FristA Aot webA F
ARFE W= 7t Zole ¥ o=z oF 100~
150 m A =olt}.

E =FdAE Edo] #E ¢FuE =L Zo
7b 150 m<l BAEAKFE Fol HEVNE A Fsl
Mach-Zehnder® #4gdA¢ dFo=2 T4
olAe F#F FEise] AAAHTES A3 Y3t
STz AEE AT BIAAANAN FH
35 tFHo2 4y H8k 3x3 BAK W
Z3}71(3x3 directional coupler)a A}-&-8}
+% A3Ee 2 kHze 9% #3goz 35

2. Zd% #FSJ19 8

Fig. 1 Dimensions of the mandrel
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Fig. 2 Photograph of the fiber optic hydrophone

Table 1 Designed values of the mandrel

Dimensions Designed value
length, L 6.0 cm
radius, R 2.5 cm
thickness, t 0.25 cm

Table 2 Fundamental natural frequencies of the
mandrel under the free-free boundary condition

Modes Frequency
radial-axial mode 11.3 kHz
torsional mode 26.2 kHz
radial mode 34.6 kHz
bending mode 39.6 kHz
axial mode 42.7 kHz
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Fig. 4 Experimental set up of fiber optic
hydrophone for the sound detection

3 c [ P2] Q. 0

Fig. 5 Signal processing algorithm for the 3x3 coupler

FLSTSSEHEX/A 7 B A 6 5, 1997/ 933

o



ol FH-& F FAAF-FAE
d4EE UA Y R BAHF HSVNE A F Z37]d & Gl A
= F B AR FAY2A A AT 2ol Fig. 62 2 kHz® S92 & XA 4A¥ 3AS
A S ZEskd BHRe do] ¥ 2HE chl

o] ¥zlaly o]RA el W3lgFe] FBAHRAE YA
%Lé-?r(reference f1ber)9—}«] BHdez B

FA 3 E Alzz{a}s}.‘g ‘;__}—la]———— 51_01 ﬂo]q_ o]
= ol8AHoR A3AHE By #AAHE Fa¢o
HZA7E FAY EAEEE dRolt. oy o f
el dgo] LAINA &F VT F A3 E F

Tok Run: 100kS/s Sample
—1 ‘r

L ) ¢
T T

L

1A 179 M2
1@ 75 Hz
—~ cm«cmpm

Lwl.&n.l

Fig. 6 Detected acoustic signal in time domain
{upper: detected sound signal, bottom:
applied sound signal at 2kHz)
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Fig. 7 Sound detection in frequency domain (vertical axis:-80 to 10 under 10dBVrms/div.,
horizontal axis:0.5 to 5.5 under 0.5kHz/div.)
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