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Abstract This study calculates the total phase variation of a hydrophone with a changing acoustic pressure in the
sound pressure field according to the phase variation formula of the optical fiber hydrophone based on the Fizeau
interference. Then, the effects of the horizontal and vertical postures and the depth of hydrophone on the acoustic
sensitivity of each frequency are quantitatively analyzed through simulation. Finally, we use the vibrating liquid
column method to test the experimental environment of the optical fiber hydrophone. Results show that the posture
and depth factors have great influences on the final measurement results. The vertical posture of hydrophones in the
frequency band of 40—2000 Hz produce a sensitivity error of approximately 0.9 dB-18.2 dB, and the sensitivity
error caused by depth read deviation is within 4 dB compared those of hydrophones with horizontal posture. Owing
to the acoustic pressure field difference in vertical placement conditions of hydrophone, the measured results are
different from the horizontal placement results. Horizontal calibration results are more accurate than vertical results
in acoustic pressure field test environment, furthermore, the measurement depth is greater, and the calibration
results are more stable.
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Fig. 1 Structure of Fizeau interferometric optical fiber hydrophone system
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Fig. 2 Acoustic pressure field calibration model of hydrophone with different postures.
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(a) Horizontal posture; (b) vertical posture

TER R 5T AR 6 16 Bz 30 DS
{14 £ 1 05 5 DA K W 6 b T 5 3z 2 5 1wl 2 B K
- ZE A ] RLGRAIE K 17 A R e 2 2] — B 45
PRI Z AT S X LG TR E 152 22 S oF SR H0RE A o 15 22
AIRZI . 4 K W A% 3 3R A2 0 4 em, K P E
I, B0 B 5 2 B 7 B 2508 1 em, 23 301 26 UK
Wr g RN 2,6,15 cm B RGBSR 22 45,
K5 T LA M, B0 1R 22 B R AL B O FR .
MR b o 2 cm LI RBUERIEL 3.5 dB,
ESEREESE NS 15 cm B, BR0 07 B i 22 36 B i) R
R R 22 B W/ B 0.5 dB LA, IR EF K W 4%
TEJRURE [0 TR JEE AR 7 T SR 38 A o 45 2R B R E
[ I3 ] LA B, K W 2 A K B S S LS T
(14 SR R DR 22 B O — B TR BE AR, 75 T SR A R A o
SR MRS E U AETE AR R R AL HE R
2 B AR 1) A A 22 R B — 26

5 SLH

Fizeau T ¥ I S £F /K Wt % & 45 1Y 52 46 J& 34 4
K6 s, H AL BOLENL TR 3 kHz,
DU 1550 nm; LRI % (b 5t Bt 22 6 i
BHE A R T R A 200 MHz #5985 Ry 43 30F 2 1% 1)
SRR B R A (36 B B AR A FD B R AR
F 250X 10° sample/s; WA R = A 28 B oM HA
2R 1 T SRR A B SR B OB M D3 T s R
BT 5 T B T OB M 5 38 5 0 4 4 A A R 7D
A HL R REUE R 5.76 pC/mes 7,

KA A o 2 kHz, 775 R 400 F
FFOEENER 7.50 em, AR EE H R 18,75 cm,
SCHG ARG OGET K W A% I a8 43 2R O K
4 1550 nm (1 W WK O M, L S R Oy — 40 dB~
—50 dB. YEHEXT [EFE R 50 m, BIAZ g K R 50 m.,

_____________

I 1
: : light source system
I |
! ' CIR2
' : @ ’CIRl A CcP
X ' 3X3 unbalanced
: : interferometer
| |
I 1
I ] o sas
—— data acquisition .
! verticality ! PDs || signal
! ! (NI PXle 5170R) processing
: B
| X ;| optical fiber
X 1
! . @et/ hydrophone
| ' | power signal
- : . amplifier generator
l :
]
! : charge .
' : i 1 amplifier oscilloscope
i horizontality |

[ 6 Fizeau T 35 RIEEF 7K Wr 7 52 56 )5 24 &

Fig. 6 Experimental schematic of Fizeau interferometric optical fiber hydrophone

1506003-6



e = Es i
DR DRIE S5 56 235 2R ) A e L K T i N A A RE W 25 [ T e SR a] ol T E SR BRI

SEUS A A 4 8 BE ELAR N 16 em L BE T K
Wr 2 CLF IR 4 28242l 5 em, 28 28 B B2 160 [,
Ik .5 2% K B 27 K T 25 1 7 I 4t 5 56 1
LT K W R A o i Y B [ O a7 R
R K WT 38 S EF IR 0 2P 48 /N F e e S P 48, IR KoK

fixed bracket
hydropgone rotatable
loop ‘ brackett
<~
So = _- /

-
. —————

underwater acoustic

B 7 Seefokmr s ey it
Fig. 7 Fixed design of optical fiber hydrophone

i KT KW g8 EAR, LS KWr ke T — 2 i, X
A T ER PR U AE SCHR R DR I S R K T 2 R
737 R o DR I3 S 20 435 4 o K T i JE R 75 3 5
M 45708
5.1 EEHSKEESTHEHEERE

Sk 55 IE K T 25 3 55 2K OF A R S0 45 SR 1 5
M), 7 e Ath, 2% A [R] 18 B F S AR 2K WT 28 2 5k
Xof 7K T 25 0 e g a2E A7 03 AR R B R 12 em R
()t B B TR Kl 8 i, T LLE L £E 100,
1000,2000 Hz KR T K F LT 19 1% 25 i
VG S RES A T EE RS T WRES, DL K
AN TR K W 28 P B AR 07 A8 Ak i K 5 B AR B,
LGRS AT K T 5 A e B 25 S 380, TR
M 132 3l DA K R 9L 75 3, DRI VR v A )
AKFHE A R — 3, KR TSI ib
HEHLEEST M LLE A, B KRS T MK
HEZE LT IS o

100 Hz 100 Hz
0 \/\/'\ 0 _‘-\/\/
-1 L -1 L
g 0 0.01 0.02 0 0.01 0.02
-
> 6 6
= 1000 Hz 1000 Hz
=)
=]
%D -6 Il -6 L
5 0 0.01 0.02 0 0.01 0.02
2
g 10 2000 Hz 10 2000 Hz
o
0 FAAAANANANANNVWNVVAAANTIANVAANAANANA 0
-10 L -10 1
0 0.01 0.02 0 0.01 0.02
Time /s Time /s
@ (b)

P8 [R5 TF i i s 38

o (I HES; (D IKFES

Fig. 8 Output time-domain waveforms under different postures. (a) Vertical posture; (b) horizontal posture

5.2 EEZESTHEEREEMNIEZE

S T S AR BRI K U 2 4 A R TR R
JFE WA ST, MR T R 12 em  HHF R 40 ~2000 Hz
T Fizeau T ¥ BIGLF /K WF 2% (09 75 6 52 4505 W) i
PASGET /K T 25 7K - 35 25 A 1 BE A b D A58 s 4 ) e
B ARERE 07,457,907, 58 KK O B 3l B A 1Y
i, REUERAESS KK 9 Fras, B 10 .M, R
K57 T 28 BE % 45°, 90° B 15 ) 1 75 R R B % 22 57

M, SRk W &8 76 7K S 38 T 45 2 10 5 R 20 2%
5o dE— 20T AE R K AR R B 7S R R U
AR —5, HBEE e 5% /1 BE g m, 454 & 10, 207
R AR 2% 5 I AR R B oI 2 T 4 R, LR
R R 22 R,

910 AT LLE L 75 R RG22 5% M, M,
YIE 3R 3.57 dB.7.94 dB, H 90 HE A T Y
PR RE 2 SR T 45° N RSSO0 R

1506003-7



Es i

-140

—— ()°
° —— 450
-150 p * — 90°

g
~160 W .
~170 b *ﬁétso

-180 p _—N
_ 190 I Il Il
0 500 1000 1500 2000
Frequency /Hz

B9 Il 225 TF K W 45 i 7 TR R 80

Fig. 9 Acoustic pressure sensitivity of

Acoustic pressure sensitivity /dB

hydrophone under different postures

181
16 |
14}

—
(=]
+

AM /dB

S N = O

7.94 dB

3.57 dB

", o,
K10 ARIZESTHRBEZES
Fig. 10 Sensitivity difference at different postures
BT AP e RABURE 25 S B R A K W 2 22 L 0% 94
R 90 I R b, R R 22 S 2 I L e
AR B H R ORE MR N KO S R A TE R K 22
St B DA A 34 0, 75 T R 22 5% AM @
BTG,k 5 7 B R AW 45, 78 40~2000 Hz
B N, TR R 22 S 2 M N 0.9 dB K in 2
18. 2 dB, 1l W05 A< B AR B, 3R AR £F 0K Wy i 48
A0 P T SRR R S W /N L B Bl DA R
ARG T, % 25 22 S 08 U 4 s oK W g% e R 45T L
i R AU 25 S BB AR 0 0 8 A5 R RS E XTI RE 2
PR SR K Wy #45 Jié 2e J B0 5 B ke AR R R A DT K

Wi 6T 75 30 1 B8 SR 8 G S B e N 7 B R AR
T 2% .

MIEL 8 W] DLtk — 25 7t 580 e R A
FEARS- I, X AT B8 5 R A . e T
KT & E R DA AR 2 Gl T T 950
FEEF A B AESEH F IR AT R iz g K
Wy i A AR AT 25 0 B8 2 78 A IR ST 5 TR R BUE
Wi B 25 25 AR AE IR KR AR . 7% B A S5 iR S K
WE 8202 I A 1 5 ) v 7 A G IR AT 1 45
KT i BETE B AR 8T iyt 1 30 1 0 1 3 8y s
LY Fizeau T EDGLAF KT S5t 24 T 5%,
5.3 AERETHAEERSE MmN RKE

PO BN 28D o B T L T ¢ i S Ll
HEAT P TR A HE T A To 45 M 1A 26, 15 I 2 1
T HE LR AR HEAT I3, 2 7K W 2% 19 K B A ] L AN [
W Z [ ME AP R BE L 22 5 . W 11 s kP
AT 160 MGLF IR E W Ry AT 1Tl
GO IR 5 Z M LU AEAE An TR I 2E 5

11 DREE G 2E 5 T Ay R A A Y
Fig. 11 Sensitivity calibration model with
depth reading difference
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Table 1 Acoustic pressure sensitivity errors caused by difference depths dB
h=2 cm h=6 cm h=15 cm

Frequency /Hz Actual Measured Actual Measured Actual Measured
Error Error Error

sensitivity  sensitivity sensitivity  sensitivity sensitivity  sensitivity
100 — 144,138 —147.902 3.764 —160.215 —161.624 1. 409 —164.029 —164.49 0.461
1000 —138.433 —142.253 3. 820 —143.361 —144.519 1.158 —164.724 —165.217 0.493
2000 —160.541 —163. 866 3.325 —174.309 —175.437 1.128 —174.716 —174.757 0. 041
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