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Properties of laser-induced acoustic signals transmission in liquid

Li Shengyong, Wu Ronghua, Wang Xiaoyu, Wang Jiang'an, Zong Siguang
(Electronics Engineering College, Naval Univevsity of Engineering, Wuhan 430033, China)

Abstract: In order to understand the transmission properties of laser-induced acoustic in liquid, the
transmission properties of laser-induced acoustic were analyzed theoretically, and the experimental
research on the laser-induced acoustic was carried out by using high speed camera and fiber MEMS
hydrophone. Wavelet transform was used to analyze the spectrum characteristics of the laser-induced
acoustic signals at different locations. The results show that the laser-induced acoustic is a pulsating
source, amplitude and distance are inversely proportional in the process of laser acoustic signal
transmission; laser acoustic analysis of band memory has obvious dominant frequency, with peak
frequency stability of 3.1 kHz and bandwidth stability of 3 kHz; low frequency signal energy accounted
for more than 70% of the total energy, high frequency part is mainly noise; from the power spectrum
waveform analysis, low frequency signal amplitude with time and distance attenuation is slower, and high
frequency noise with time and distance transform decays faster.
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Fig.1 Diagram for pulsating sphere source radiating acoustic signal
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Fig.2 Experimental system for laser-induced acoustic signal

transmission characteristic
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Fig.3 Shock waves process of optical breakdown
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Fig.4 Waveforms and spectrums of laser-induced acoustic signals
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Fig.5 Amplitudes of laser-induced acoustic signals in different
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Fig.6 Multi resolution decomposition results of laser-induced

acoustic signals

R T HRBGEOC R E S R AR, X &
G5 AT RS S BT, SO PR A SR REAE [ (13 m)
WE 7 B, v LLE B, SO RS 18 2 BT AT 9 A7 76 B
ARSI, AR EGLF MEMS /KT %
Tt 380 PO 7 - W (A3 AR A I 5L L 8] 8 T

H1 L 4 RS0 IR LU Y, Bl 1 S 1
T, B A5 5 1 W (A3 RNy 58 SE A DR AR e |
B AR R RS SE TR 3.1 kHz, W 54 E 7E 3kHz, 1

el A, RV A R (B 22 57, (EHI R AR AR
AR, A8 O 5 14 338 1 W0 o MR 7 19/ Npl 73
BT RGBT I3 W, AR 5 10 5 2 Wt (L B I ]
P A A T AR N T e AR P I T B A o

400
? 203’»
0 10x10*  20x10* 30x10* 40x10* 50x10°
Frequency/kHz
2
A
0 . L I L
0 2x10* 4x10* 6x10* 8x10*  10x10*
Frequency/kHz
2
z 3 IL%_M
R 0 L L L 1 L n
g 0 2x10* 4x10° 6x10* 8x10* 10x10*
E Frequency/kHz
Q
2 4
- % 2
; 0 _‘MM L . .y L n "
o 0 2x10* 4x10* 6x10* 8x10* 10x10*
Frequency/kHz
4
0 2x10* 4x10° 6x10* 8x10* 10x10*
Frequency/kHz
4
“'?‘ﬁ} JRR—
0 2x10* 4x10° 6x10* 8x10* 10x10*
Frequency/kHz

K 7 BOGRH R S g K (13 m)

Fig.7 Spectrums of laser-induced acoustic signals(13 m)
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Tab.1 Energy ratio of different frequency bands in

the process of laser acoustic transmission

Normalized energy features

Range

/m dl d2 d3 da ds a5
1 0.0338 0.0240 0.0172 0.0124 0.0089 0.903 7
2 0.0390 0.0277 0.0198 0.0144 0.0103 0.8889
3 0.0445 0.0316 0.0227 0.0164 0.0118 0.8730
4 0.0644 0.0458 0.0328 0.0236 0.0170 0.8164
5 0.0665 0.0472 0.0338 0.0244 0.0176 0.8104
6  0.0515 0.0367 0.0263 0.0191 0.0138 0.8526
7 0.0440 0.0316 0.0230 0.0169 0.0123 0.8722
8 0.0397 0.0285 0.0207 0.0152 0.0111 0.8849
9 0.0537 0.0386 0.0281 0.0209 0.0150 0.8437
10 0.0510 0.0366 0.0266 0.0196 0.0143 0.8521
11 0.0424 0.0304 0.0221 0.0162 0.0118 0.8771
12 0.0605 0.0434 0.0316 0.0234 0.0169 0.8242

13 0.0739 0.0529 0.0385 0.0285 0.0207 0.7855
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