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Tab. 2 Comparison of predicted distance between ultrasonic signal receiving point and defect and

actual distance under different detection intervals

A A5 Gk 4 B B/ mm WA 5 B SEBREE B /mm FEW R 5 B FE TN B PR B /mm e KRR R i 22
70 40 37.140.2 7.8%
80 40 42.740.1 7.0%
90 40 41.440.1 3.8%
100 40 40.4+0.3 1.8%
70 30 31.3+0.1 4.7%
80 30 32.640.2 9.3%
90 30 29.340.2 3.0%
100 30 30.0+0.4 1.3%
4 &

PL AL 6061 Sl aURE dh  F5 3 T — & 5L T HOL M 5 Il nPS-FBG 7K T AR b S B A6 T 5 4. 92 96 & BLK
T 7PS-FBG H 2z 8 2 8 CE] — A Ot 5 K mE A 22 AR 5 B U IR 5 «PS-FBG i g i1
Hahn B R AE S eI I B AE R SR b xPS-FBG I A 5 — N A I AE S S 2 871.91 m/s, B G S
SYBCHY B 2 911.02 m/s, 5 AR R P T I8 A SR B R 0T L AR R 25 20 5 R 1.3 06 1 0.03 Vo 7R U 1S
5 o P A N L i B A7 ARG DMK TR R4 A B B S B B I 56 g A R R B 7 Y A
RPN 5 22 i A 80 Dl -5 R o B8 5 3 DR T 328 9 0k /1 o DAL T P2 5 AR T LA o 6 A Aok 2 T ke s 0 . AR
FE A AR 4 J8 A4 1 ) A2 SRR AR A AG I 3 43 1 — b ¥ £ 1 B S Sy 7K T A 28 dofe o DG 450 A6 9 2 4E T i
B S HS.

Bt & DL B FhR (DOT:10.16366/].cnki.1000-2367.2024.02.08.0001).

2 % X #

(1] BR¥E. A 0k N2 55 KK IR S48 J2K T 24808 7 ik e 16 B g L) L AUAR A2 0, 2017 (10) :69-71.
CHEN B,LI W,ZHANG R G et al.Selection and application of jacket cracks detection methods subsea within 100 m water depth[J].Me-
chanical Engineer,2017(10):69-71.

(2]  Vrg ok MVt , 252 55 4 K IR i A 0 g rh /K kg el 0 4 00 s e 0 . o pl R A% 25 4 CELARBF 4 0D . 2007, 38(3) :567-573.
XU J R,LIU J X,LI A Y,et al.Liquid effect upon electromagnetic fields in water area MT exploration[ ] ].Journal of Central South Uni-
versity(Science and Technology) .2007,38(3) :567-573.

(3] E i ar, X0 SCHE, Al R, 45 i 7 3 i R B X AR A AL 4R B R i 2 i L) 1 AR AL E 5 AR L 2018,40(9) :100-104.
WANG S K,LIU W Z,QU J F,et al.Effect of sound velocity profile and sediment on low frequency sound transmission loss in shallow
water[ ]].Ship Science and Technology,2018,40(9) :100-104.

[4] LIC,TANG J,CHENG C,et al. FBG Arrays for quasi-distributed sensing: A review[ ] ].Photonic Sensors,2021,11(1):91-108.

[5]  Z/WI L SRk, 3 . 56 B AR 36 T 28U OGRS A I 5 (5 5 A B o L) ).l 00 5 55 A8 4 41 . 2023, 37(10) 1 41-52.
LUO Z L,ZHU B,WANG B,et al.Research on laser ultrasonic testing and signal processing of surface cracks in aluminum plate[ J].Jour-
nal of Electronic Measurement and Instrumentation,2023,37(10) :41-52.

(61 ZRA, XU i Jal i 5 T 4 M A% R B AR 1 18100 A 7 A B 4 g i B M I (). 7K 38 T 72, 2011(5) : 156-162.
ZHU T,LIU X Q,ZHOU ].Health monitor of berthing piers of cylinder caissons based on fiber grating sensing technology[ ] ].Port &.
Waterway Engineering,2011(5):156-162.

[7] B AR BRI 55 OB UK K o ARl S R i S BT S L) 162 5ot LR L, 2009, 7(4) : 83-86.
ZHAO R,XU R Q,LIANG Z C, et al.Laser-induced plasma ultrasound waves in water[J].Optics & Optoelectronic Technology, 2009,
7(4):83-86.

(8]  2Rife, 2% i IO 45 RUEEC 27 e MK F Iy % R 52 (1] e i 7+ #06.2007,18(5) :536-538.
ZHU H.LI1Z Z,SUN R G,et al.Research on fiber grating underwater pressure sensing with high sensitivity[ ] ].Journal of Optoelectronics *



f & F .5 A T nPS-FBG 4 B3 R a9 3 kA8 & K T 48 4 sk 14 4 ) BF 2 51

i
N
&
Sl

Laser,2007,18(5) :536-538.

[9] SAYAL V K.YADAV L L,MAHESHWARI K P.Effect of time profile of laser pulse on the excitation of sound signals in a liquid with
a series of laser pulses[]].Journal of Sound and Vibration,2011,330(8):1754-1761.

[10] 4 Je H TOULR 15 B 25 1) 3% 22 B i 1 M 4 B AR WF S LD TN < 0 g ok K%, 2014,
ZHANG ] L.Based on the optical fiber sensing network of continuous girder bridge construction monitoring technology research[ DJ.
Zhengzhou: Henan University of Technology,2014.

[11] BAIX H,HU M L,GANG T T.,et al. An ultrasonic sensor composed of a fiber Bragg grating with an air bubble for underwater object de-
tection[ J].Optics &. Laser Technology,2019,112:467-472.

(127 Z=8. 0047  J A, 45— Bl B A BT 9 K op -2 SO BOH SRR 5 (1], 2050 5 380 T2, 2021,50(5) :63-71.
LI P,ZHAO Y,ZHOU Z Q.et al.Research on a cross medium water air laser acoustic detection technology[ J].Infrared and Laser Engi-
neering,2021,50(5) :63-71.

[13] SUN H B,ZHU J Y. Nondestructive evaluation of steel-concrete composite structure using high-frequency ultrasonic guided wave[ J].
Ultrasonics,2020,103:106096.

[14] EGEREV S V,LYAMSHE V,et al. Optoacoustic sources in the oceanographic experim-ent[ ] ].Soviet Physics Acoustics, 1990,36(5) :
452-456.

(157 4 [l 4. — B G T 7K TR RSSO 8 75 A e 4G DNy o 7 0 o 38 3 9 0y ¥k B % CN114460012 AL P].2022-05-10.

[16] SFatras FARL, TRSRE, 5 T w AR G LT A A% S il 9 8 52 SO 75 4 S 8 BF 58 () 0. 90T i U0 91 R 2% 2 4 CH AR B2 00 . 2022, 50(2)
29-35.
GUO G Q,YIN M K,YU J Y,et al.Research on ultra-sensitive ultrasonic sensor based on « phase-shifted fiber Bragg grating[J].Journal
of Henan Normal University(Natural Science Edition) ,2022,50(2) :29-35.

[17] XUHRER AR, £ 05 5 DFB 2 5 0 SO #5 WA WCR 200 5 [ 100 g 0 R 2 2 4 CH AR BE M0 . 2018, 46 (6) £ 34-38.
LIU L X,XU L,WANG Q L.Measurement of the chirp parameter in DFB semiconductor laser diode[ ]J].Journal of Henan Normal Uni-
versity(Natural Science Edition),2018,46(6) :34-38.

(18] B ez JCHAL I H AR LM AL 5t . = 4 4k e, 2016.

Research on defect detection of underwater aluminum plate by laser

ultrasonic based on ntPS-FBG sensing technology

Guo Guging, Bai Shengkang, Tian Yali, Gong Ting, Sun Xiaocong, Zhou Yueting, Qiu Xuanbing, Li Chuanliang

(College of Applied Sciences, Taiyuan University of Science and Technology ; Shanxi Engineering Research Center of Precision Measurement and

Online Detection Equipment ; Shanxi Center of Technology Innovation for Light Manipulations and Applications, Taiyuan 030024, China)

Abstract: To evaluate the service status of metal components serving underwater, an underwater plate defect detection
system based on laser ultrasound and = phase shift(PS)fiber Bragg grating(xPS-FBG) was developed. To study the propagation
law of underwater laser ultrasound, laser ultrasound testing experiments were conducted on Al6061 sheet metal at different wa-
ter depths. Compared with the propagation of ultrasonic signals in the air, experiments have found that underwater xPS-FBG
receives an additional waveform of ultrasonic signals, which is the longitudinal wave signal generated by the first interaction be-
tween the laser and the water surface. As the distance between the excitation source and *PS-FBG increases, the delay of the
ultrasonic signal in the time domain also increases. The wave velocity of the first ultrasonic signal excited by tPS-FBG laser re-
ceived by nPS-FBG is 2 871.91 m/s, and the wave velocity of the defect-reflected wave is 2 911.02 m/s, which is close to the
velocity of the ultrasonic surface wave in the aluminum plate, with relative errors of 1.3% and 0.03% , respectively. When the
distance between the excitation source and the defect changes, it is found that the detection accuracy of the defect position is in-
dependent of the distance of the defect. and the relative error of positioning on the defect position decreases with the increase of
the distance. This study provides a potential application technology for service status detection of underwater metal components
(including South-to-North Water Diversion Project) , which has certain significance for improving the safety and reliability of
underwater structures.

Keywords: laser ultrasound; nPS-FBG; Al6061; non destructive testing; defect localization; South-to-North Water Di-

version Project
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Fig.S1 Principle diagram of laser excitation mechanism
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Fig.S2 Schematic diagram of experimental setup of laser ultrasonic inspection based on mPS-FBG sensor

F S1 Al6061 KL 2K 5
Tab. S1 Chemical composition of Al6061

JLHE Mg Si Ti Cr Fe Cu Mn Zn Al
RS/ % 0.8~1.2 0.4~0.8 <0.15 0.04~0.35 =<0.7 0.15~0.40 <0.15 <0.25 P

FS2 Al6061 YN ZESH
Tab. S2 Mechanical parameters of Al6061

LA i/ GPa MEE/N =4 #IZ Ik ZE/K W/ (kg e m ) HMSHEA/GPa BB p/GPa

71 0.33 2.3E—5 2 700 51.81 26.69




