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Dynamical characteristics of distributed feedback fiber laser
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Abstract: When a Distributed Feedback(DFB) fiber laser is used in underwater acoustic detection, it is
found that the acoustic pressure sensitivity of the DFB fiber laser is higher than that calculated under
hydrostatic boundary conditions, and its frequency response curve is not smooth. To explore the rea-
son and the mechanism of the above,the dynamical characteristics of the DFB fiber laser are investiga-
ted. Firstly, the vibration models of the DFB fiber laser whose both ends are fixed and placed in air
and water respectively is analyzed numerically. And then, with specially designed testing assemblies,
experimental study on it is also conducted. The results indicate that the first order natural frequency
of the DFB fiber laser is related to the length of the optical fiber between the two fixed ends, and the
frequency decreases with the length increases. When the length is set as 50, 55 and 60 mm respective-
ly. the first order natural frequencies have been found to be about 250, 200 and 125 Hz in air, and
200, 160 and 120 Hz in water. These data show that when vibration takes place in the DFB fiber la-

ser, its output will be changed to cause the fluctuation of acoustic pressure sensitivity, which shows
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the first natural frequency is an important factor for the underwater acoustic detection.

Key words: Distribution Feedback(DFB) fiber laser; hydrophone; underwater acoustic detection;dy-

namical characteristic; acoustic pressure sensitivity
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Fig. 1 Principle of DFB fiber laser hydrophone system
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Fig. 2 Meshed model of fiber in air
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Tab.1 Natural frequencies of the first

four orders for models in air

r 1 2 3 4
f,(Hz)-50 mm  243.6  671.5 1316.3 2175.9
f-(Hz)-55 mm  200.6 552.9 1083.8 1791.6
fr(Hz)-60 mm  168.0  463.1 907.9 1 500.8

MN MX —

X BB R

W mx_— T

B BEHHR

MN‘A CMX T~ —
et

M

&3 1wty [ A T 1 i P B ] A 9 7
Fig. 3 Mode shapes of the first four orders for fiber

both ends fixed
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Tab. 2 Natural frequencies of the first

four orders for models in water

r 1 2 3 4
fr(Hz)-50 mm  199.4  549.6 1077.5 1781.2
f,(Hz)-55 mm  164.8 454.2 890.5 1472.0
f-(Hz)-60 mm  138.5 381.7 748.2 1236.9

i 3 DA b Al UL P i [ RE Y8R 2T 3k 3 1Y
[ A 9 A G OB T BE A S L Bl 1] 5 1) B 3 K
A B 181 A B B AR 5 10 32 B KA SR A 1 Y
Wi, BT KA BT R DG 2 45 B T A AR B T
FAERFHIEL IR G PRI .

4 Tkt
YIS 172 1) DB S £F WO 88 6 % 51 1 i

JRE il LA B oK P A P S o o7 AR5 P e ) AT T 5
BwkoT . S8 TR A DFB Ot £ 80t & 08 78



1836 e K TR

51T &

BRDGER bz /4 A G AR AL 5
FeH I S 1550, 660 nm, 7E 100 mW 980 &
WG T Mt Ry 120 oW, £ 98 <50
kHz; LI ARG R TR T X3 HBAHMNLHEE
22 07 %, AE P-4 Mach-Zehnder T ¥ A i —
H3dBM2X2 fi A4 —H 3X3 Wil & 44l
A AR AR K BE SR 60 ms 28 AR S A T 5 A S
HB R 67 {5 S P 3 I ' F PR AN £ e R AR R OR
LIERATTREALEATE T2,
4.1 MEERSHER

W IN L T E 5 Frs i DEB G £F 30t 8%
[ 5 25 AT e R TR B ) ) D R o 8 Y [
E . B H] DFB G B & X 75 5 5 WAk 5 B
B R TR R X RN T R R S MR T Y
B 75 & . DEDB SGEF SO & [ e B i 5L 3 A
L% [ 3R KR R . P LB [ S48 [
AE T b H ) R AT AE — o i R SE e
Al PEPEEE N 50 mm .55 mm fl 60 mm; ¥ DFB
FEEF O PR s 4 0 B R R e AE S LR [
FE SR M P .4 DEB JEEF RO IR 7 1E B
IR & B A I R R DUBRET [ s R S
A AR [ 2 B RS L DG T DN B R A 1Y
NFLEH S B 7S S R ER A FIRET B 2 FiRah & L.

F5 Jbef e KRR E
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Fig. 9 Acceleration response curves of DFB fiber laser
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Fig. 10 Acoustic pressure response curves of DFB fi-

ber laser
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