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Fig. 1. Schematic diagram of the proposed sensing system: (a) The acoustic sensing system; (b) the sensor head.
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Fig. 2. (a) Schematic diagram of TFBG light transmission
structure; (b) transmission spectrum diagram of TFBG.
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Fig. 3. Spectral response under different bending degrees:
(a) Transmission spectra of TFBG with different curva-

tures; (b) curvature sensitivity for LP;35 and LPss.

TFBG 5 H Al 1) G2 St sicRe #2525 i
REXT Ebah R AanZE 1 Frsil, ol LUE Y, ASCH R R
O A B K, ORI TFBG 1R & Boe i B
ARG A I FH 7 T I TR D T S

124304-3



Y] 32 2 3R Acta Phys. Sin. Vol. 72, No. 12 (2023) 124304
#£ 1 aThvkRebE 125
Table 1.  Comparison of fiber bending property. .}\
44 < FLARE / (i om ) oo /
FBGI 0.226 % L
[20] ~ = .
FBG 0.811 5 " ./\
FPI2! 0.069 T 50
XU R AT 22 0.611 E \'\
A THE(TFBG) 1.212 a2y .,
M\ TFBG 25 63 i o AR 1E 7] UL G725 05 50 80 120 170 230

BH 2B R AR RS, BRKIER IR/ N 525
R EEAE— BB N R R, LT3 8an T
BARERLAR Adgaa,; TR CIYKAR:

Adetag,i = k&GO (4)

T 1(b) TS A A - S5 R A i
DR 3 C B ILAT 56, 10T AR A
F 7 A8 R N TR R B <, PRI
TEBG P& I8 25 i i i 28 AT LA OR A

C = % (5)

BN, B NI TEBG 7 AR IA B |2
RN I, A S0 BRI G
FF IR 38 AR A T ) SO i R TR AR ke S
TR U A AR ) G U i S B 28 75 5 A5 B AR S
P2 I PR AL BT SO DR AR LA T 5K
B A 9ER N

AT = TgkAgaas. (6)
Horp I BASEOCRRIR B DI, kI GisElE
EAETERIR. 25 (2), (4), (5), (6) R FIH
ST

AT = Tpkkgsss 3L BP foq :
8Eh3 \/(ng B f2)2 4 4f282

(7)

AR th, S BDRRR B, OG5 %

IR G IR B E U R AT QU TS TR P AR

MBREL, Y PSS B, ATFE— By [ A 45
B foo AAAT I KA 02 fSEUEERT, AT P Y,
IEHCR.

3 FHRRELRE5ERSN

SR A D TR R AR R ST
B R [T A 503 B S R AR R, S5 SR AN 4 .

Frequency/Hz

Bl 4 fRIET5 58 T3 B

Fig. 4. Frequency response of the sensing system.
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A low-frequency acoustic sensing scheme based on cladding
mode of large-angle tilted fiber Bragg grating”

Zuo Yi-Wu  Tian Jing' Yang Qing Hu Xiao Jiang Yang
(College of Physics, Guizhou University, Guiyang 550025, China)

( Received 13 January 2023; revised manuscript received 20 April 2023 )

Abstract

A novel low frequency acoustic sensor based on the cladding mode of large-angle tilted fiber Bragg grating
(TFBG) is proposed and verified in this work. It mainly uses the characteristic that the coupling mode of the
core and cladding mode in TFBG is easy to change when the TFBG experiences micro-bend, which will finally
causes a dramatic drift in the spectrum. By combining a large-angle TFBG with the designed polyethylene
terephthalate (PET) transducer diaphragm and cavity structure, an effective low-frequency acoustic sensing
system is obtained in this work. Under the action of applied acoustic wave, the transducer membrane will have
periodic vibrations, which will makes the fixed TFBG dynamically bend, directly leading to a wavelength shift
of the cladding mode spectrum. The experimental results show that the sensing system can achieve high-
sensitivity acoustic detection in a frequency range of 45—220 Hz, and a maximum acoustic pressure sensitivity of
115.88 mV /Pa at 54 Hz. Moreover, the minimum detection sound pressure can achieve 539.2 pPa/Hz'/2@54 Hz.
Therefore, the sensor has the advantages of high sensitivity, good repeatability, simple structure, easy
processing, etc. It has a great development prospect in the low-frequency acoustic detection related application
fields.

Keywords: fiber optic acoustic sensing, tilted fiber Bragg grating, mode coupling, dynamic bending
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