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Abstract Some resonant peaks in the frequency response curve of fiber laser hydrophone appear at the resonant
frequency of sound pressure transfer function, which makes the working frequency band narrow. A distributed
feedback (DFB) fiber laser hydrophone is designed with a sensitivity enhanced mental diaphragm structure. A sound
pressure transfer function model of the DFB fiber laser hydrophone is established based on electro-acoustic theory.
The influence of structural parameters of hydrophone on sound pressure transfer function is simulated, and the
structure of hydrophone is optimized. Prototypes of hydrophones are fabricated and tested experimentally. The
experimental results show that the average sound pressure sensitivity of the DFB fiber laser hydrophone can reach to
—135.99 dB with the fluctuation range within £=0.6 dB in the frequency range of 2.5-10 kHz, and the resonant
peak appears near the frequency of 16 kHz. The experimental results agree well with the simulation results. The
study is of great guiding significance for the development of DFB fiber laser hydrophone.
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sound pressure sensitivity
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Table 1 Parameters of DFB fiber laser hydrophone to be measured

Hydrophone number Output wavelength /nm Wavelength variation /pm
H435 1536.810 700
H530 1539.950 590
H142 1529.975 665

DFB S £F B0 K T 25 1 52300 75 P 8 A0 01 3 o o7 il 2 5 05 B 45 SR 00 LA P 11 s o DA S 45 i T
LA M, S 50K 3 SOKUT 28 oA R A9 75 e 52 803 A% mm ) — 30 o L IR — 32K T 25 76 AN [R] A7 2 03 25
R2E ST 0.2 dB KL, AT PR IE T 55 56 /9 7T 8 52 M. 7 3540 B 45 R 3R B, K T 48 100 38 R Rk
14.98 kHz, 5950 A5 19 16 kHz 2247 (19 VR4 36 AF 55 42 30 5 /K W7 % S0 1 8 502 401 23 i o i 2% 5 45 B 4%
AR A S, B 458 H142 MR 3O KT 78 2.5~10 kHz 5330 Bl P /Y7 249 75 R 2 i
H—135.99 dB, W SR EEFE£0.6 ABLAN .,

ST 20 B H R 2 L B AR R (Y T A L IR TR R EE O 0.2 mm (19 DFB JEEF O K W 3
JRAURE 5 H508, HA S5 # S 805 B 11 Wi = SOK W 288 AH R . 327K WT 28 16 52 0 75 e 2R A0 38 401 3 ) i il 48 5
Pi LA R A 12 iR, SEIe 25 3 5 05 25 R B A R 1 28 A 34, 78 2.5~10 kHz 45053 [ 4 119 52
WS- 17 75 TR R AU S —155.71 dB.L P 3h 0 B 7E 0.7 dB LU 5 K T %8 09 05 EL3S 4R 45 %k 18.69 kHz, 526
FHI ISR AR R 20 kHz 2247, I SO #E0E . B B 11,12 A0, 27K W 5 /9 B8 52 B2 He 0.1 mm 1 i 5]
0.2 mm ., FL S 2R 13RI B 16 kHz #2313 20 kHz, 5 8 o1 43 B1 B8 F 5 B X 7K T 28 75 16 4% 3% bR 5
(B B4 52 i 5 3 (0 25 9 FE W A, 28 W R 7 S EL B R AR AT S AS (] 45 4 2 8 ) 4 D B i 1 3 A DFB OB £F 0k
JK T 5 A T e AT B A A e 7 1 R A T A A ME R B TN

0406001-7



-110
----- simulation
-+ H435-1
-4 H435-2
-20F H530-1 e

=+ H530-2 P
o H142-1

Sensitivity /dB
|
@
(=}

|
—
=
S

1 1
2 4 6 8 10 12 14 16 18 20
Frequency /kHz

Bl 11 DFB GEF O K Wr & 5100 75 e 2 8505 400 5 ) 7 ] 4% 5 07 045 R ) Lh
Fig. 11 Comparison among sound pressure sensitivity {requency response curves of

DFB fiber laser hydrophone obtained in experiments and simulation result

-125
—A— H508-1
“10F o ps0s2
135 T simulation
m s
2
> -140
:é -145
[}
=1
& —150
—155 %7
_160 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24

Frequency /kHz
B 12 TR W 0.2 mm B DFB 2R SOE K UF 58 550 75 T 52 05 45 3 06 B 1 25 15 05 2045 S0 H e
Fig. 12 Comparison among sound pressure sensitivity {requency response curves of DFB fiber laser hydrophone obtained
in experiments and simulation result when diaphragm thickness is 0.2 mm
P S 56 45 0 0L AT DEB S EF 306 7K W 2 76 Hp i 3 B 2L A S 2H % g 7 il 2, HL B B A i — B0k
XK 7K W 2 ) A A5 ) = 0 4 J HL A T B S0, DA AT 2 v Y6 £F SO /K W 4 [ 3 0 R RS B . R R 4
T3 BT B R 2 A v A AR S s AT T A AR AL B AR R R 0 7R A L SE PR /N B 6.7 W, K T
A1 P H A% 38 PR BICTE IR R AT 3R A 1% R 5 s T P 8 I R b o DT s 7K T 858 75 e 28 A0 3 S T {1 s A 45
BAH . 0 T (R BSPRIE K T 8 7E 25 0 1 A0 X Bk e DL B 3 L - A8 R 0T BB R A S B i TR i B R T I AR R
) K 25 0F 38 L ke AR 0 B 43 B Bof A R ) [0 1 38 £ bl T 5 AT 260, K T 88 19 P A% 328 R 301 3 IR o 5 3 L P
1 R /INBLIE B 5 PR I 7K T 6% 7 45 i A1 4 ST (i s o= 07 B 45 2R

5 4% ©

LT L 75 2 HOBIIE  HE ST T 4 R i T 0 0 1 DB 6 £F 006 7K I 28 51 28 k) o 5 1 B3 A6
D7 ELAMHT T 7K W 245 F 4R 554 2 850 15 75 P A o bR B P O 28 L DL T 5 W B0 A K 10T 8 B TEURE 5, 52 B
I DFB JYGLFBOEAKIT 2878 2.5~ 10 kHz 59 % 90 Fi P9 9 74 R 22 0% 9 (—135.99+0.6) dB, EL7E
16 KHZBHT B0 T 4R 0% . 55 05 4007 il 200 4 B0 . ST 46 51 42 W 440 e 10 ol 726 4% L 38 488 T80 T 45 8 T
W DFB Y25 #8016 7K W58 1 355 06 1 48 0 % 51 R 1T 45 41080 L0 B AT 7R R4 9 19 DFB Y6 25 0% 7k
mEAAETEE X,

[1] Yun Chaoqging, Luo Hong, Hu Zhengliang, et al. Fiber optic hydrophone used for thin line towed array[J]. Acta
Optica Sinica, 2012, 32(12): 1206004 .

0406001-8



ot % % i1

(2]

[3]

(4]

[6]

[7]

(8]

(9]

[10]

(11]

[12]

BEEIE, B, BIER, & N TR K T AR ST [J] . dksE s, 2012, 32(12): 1206004.

Wang Zefeng, Hu Yongming, Meng Zhou, et al. Frequency response of two-order acoustic low-pass filtering fiber optic
hydrophone[J]. Acta Optica Sinica, 2008, 28(10): 1883-1887.

EREE, WKW, o W, L ZHMIRE IR PO LT K W 8% 1R I R R A R [T . LAk, 2008, 28(10): 1883-
1887.

Tang Bo, Huang Junbin, Gu Hongcan, et al. Prestressing force in DFB fiber laser hydrophone: Theory and experiment[]].
Chinese ] Lasers, 2016, 43(3): 0305005.

O, mRA, BURM, % DFBOGLFEOL K VTSN Jy g 5T U] P EEOE, 2016, 43(3): 0305005.
Lu Wengao, Sun Qizhen, Wo Jianghai, et a/. High sensitivity micro-vibration sensor based on distributed Bragg reflector
fiber laser[J]. Acta Optica Sinica, 2014, 34(7): 0728006.

B, INRE, IRILHE, 5. BT 40 A A hoAg B O 48 O 4% 1 R SO IR SR R a1 e, 2014,
34(7): 0728006.

Tan Bo, Huang Junbin. Design of encapsulated structure of distributed feedback fiber laser hydrophone[J]. Optics and
Precision Engineering, 2012, 20(8): 1691-1695.

WP, w0 R BOCET oG K W g B A BT [T Dt R TR, 2012, 20(8): 1691-1695.

Zhang Wentao, Li Fang. Recent progresses in fiber laser hydrophone[J]. Journal of Integration Technology, 2015,
4(6): 1-14.

IO, A D5 ORI ST SR [T] . SRR, 2015, 4¢6): 1-14.

Tang Bo, Huang Junbin, Gu Hongcan, et al. Distributed feedback fiber laser hydrophone used in towed line array[J].
Chinese J Lasers, 2016, 43(5): 0505005.

BB, meos, BURAL, SF. N TR B A B I A A R s SO AR Ok e ds O P EREOE, 2016, 43(5): 0505005,
Zhang W T, Zhang F X, Li F, et al. Pressure-gradient fiber laser hydrophone[C]. SPIE, 2009, 7503: 75033S.
Zhang F X, Zhang W T, Li F, et al. DFB fiber laser hydrophone with an acoustic low-pass filter[J]. IEEE Photonics
Technology Letters, 2011, 23(17): 1264-1266.

Zhang F X, Zhang W T, Li F, et al. DFB fiber laser hydrophone with band-pass response[J]. Optics Letters, 2011,
36(22): 4320-4322.

Li Dongming, Chen Jun, Ge Huiliang, et al. Water sound sensor using the optical fiber grating sensitivity enhanced
through side pressure and end surface pulling[J]. Acta Optica Sinica, 2012, 32(5): 0506001.

BRM, BOE, BER, & M 2w e SOE SO MK R R [T OB IR, 2012, 32(5):
0506001.

Du Gonghuan, Zhu Zheming, Gong Xiufen. Principles of sound[ M]. Nanjing: Nanjing University Press, 1981: 112-162.
FRTMe, RV, BN, RAEAEAN M) . R aC: WK d AL, 1981 112-162.

0406001-9



