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Abstract: In order to realize the online detection of laser shock processing and aim at the phenomenon of la-
ser-induced plasma acoustic wave, the SIA-AEDAC-01 acoustic emission acquisition card is used to collect acoustic
wave signals. The real-time acquisition and analysis software system for laser-induced plasma acoustic wave signal
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is studied and designed. The test experiment for feasibility and accuracy of the system is designed. Firstly, the la-
ser-induced plasma acoustic wave signal propagating in air is collected by the online detection laser shock
processing system, and then the system gets the laser-induced plasma acoustic wave signal energy. The residual
stress of the test pieces after the treatment of laser shock processing was measured by an X-ray stress analyzer to
verify the reliability. The experimental results show that the laser-induced plasma acoustic wave signal can be col-
lected and analyzed in real-time by the real-time acquisition and analysis software system, which is designed and
developed in this work, and the software system can accurately get the acoustic signal energy. At the same time,
both the acoustic wave signal energy and the surface residual stress of the test pieces are increased with the laser
energy, and their change curve is consistent. In conclusion, the real-time acquisition and analysis software system
for laser-induced plasma acoustic wave signal can satisfy the requirements of online detection of laser shock
processing with accurate and reliable performance, and meet the online monitoring requirements of laser shock
processing.

Keywords: laser shock processing; laser-induced plasma acoustic wave; online detection; real-time acquisition and
analysis; software system
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Table 1 The main technical parameters of SIA-AEDAC-01 MS/s
acoustic emission data acquisition card

SIA-AEDAC-01

Technical parameter Value

Data interface PCI-Express 100 Mb/s
Sampling precision 24 bit
Sampling rate Maximum 5 MS/s
Bandwidth of signal frequency 1 Hz~400 kHz
Filters Simulation/Digital
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Fig. 1 The hardware structure of SIA-AEDAC-01 acoustic emission
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Table 2 The technical parameters of laser Table 3 Laser power intensity of each associated laser energy
Parameters Value Laser energy/J Laser power intensity/(GW/cm?)
Operation material Nd:YAG
Wavelength/nm 1064 5 5.80
Pulse energy/J 0~7 55 6.38
Working frequency/Hz Singal,0.25,0.5,1,2
Pulse width/ns 10~30 6 6.96
Energy distribution Gaussian distribution 6.5 754
Spot shape Circle
Spot diameter/mm 2~4 7 8.12
SIA-AEDAC-01

TC17
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Fig. 6 The diagram of experimental device

Bl S1A-AEDAC-01

3

e == e e e s ===

B7 $BFHRERETEEA

Fig. 7 The diagram of plasma acoustic waveform
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Overview: Laser shock processing (LSP) is an innovative surface treatment technique. It involves irradiation of the thin
opaque coating layer with high-energy short-width laser pulses causing instantaneous vaporization of the surface layer
into high-temperature high-pressure laser-induced plasma. The expansion of the laser-induced plasma generates high
speed compressive shock waves that propagate into the components. Then the metal material is plastically deformed
and generates compressive residual stress in the surface. The surface residual compressive stress is generally used to
evaluate the effect of the process of LSP. The main methods of measuring surface residual compressive stress are off-line
and low efficiency. It is necessary to develop the non-destructive online detection technology of LSP. The correlation
analysis showed the laser-induced plasma acoustic waves can comprehensively reflect the parameter characteristics in
the process of LSP. The analysis and extraction of the characteristics of acoustic wave can be used for real-time online
detection of the LSP. The real-time acquisition and analysis software system for laser-induced plasma acoustic wave
signal based on SIA-AEDAC-01 acoustic emission acquisition card is developed in this work to realize the online detec-
tion of LSP. Firstly, the laser-induced plasma acoustic wave signal propagating in air is collected and its energy is obtain
by the software system. The residual stress of the test pieces after the treatment of LSP was measured by an X-ray stress
analyzer to verify the reliability. The experimental results show that the laser-induced plasma acoustic wave signal can
be collected and analyzed in real-time by the software system which can accurately get the acoustic signal energy. At the
same time, both the acoustic wave signal energy and the surface residual stress of the test pieces are increased with the
laser energy, and their change curve is consistent. In conclusion, the software system can satisfy the requirements of
online detection of LSP with accurate and reliable performance.
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