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Table 1 Parameter value
Specific heat capacity/ Thermal conductivity/ Thermal ) \ Modulus of Poisson's
Parameter I I o _, Density/(kg'm ) . .
(Jekg K ") (Wem K1) expansivity/K elasticity/MPa ratio
Value 905 240 2.36X107° 2700 70X 10 0.33

1.3 S5 A8 5= T X O IR U R B 53 A

E PO Ak BE55 O T AU B AL 3 3R X O 8 IR B T R S IR 2 A R A A R T 3K
T S5 DN E POERCR 1977 45

ARG ST - 2 S R A B X T — S B R TR A, X HASCE) = T AL S, A 2 R

WV — WYY

\"l‘

\I\ \ /

=) -
vt
v Y

M2 MExmoe = THLE
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Fig. 6 Comparison of longitudinal displacements at different distances from the center point along the Y direction
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Fig. 7 Comparison of displacement responses in different directions
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Table 2 Peak displacement data at different distances along X axis and Y axis

Distance along the X, Y axis/mm 1 2 4 10

Positive X displacement/mm 2.0527X10° 1.033 110 ° 4.3491Xx10° 1.5711X10 °
Moment/ s 0.12 0.35 0.76 1.70

Negative X displacement 4.0811Xx10° 2.466 5X10°° 1.6921Xx10°° 1.106 1X10°
Moment/ s 0.28 0.62 1.29 3.35

Positive Y displacement/mm 1.6937X107° 1.191 09X 1077 5.3182Xx10°° 1.507 7X10°°
Moment/ s 0.13 0.32 0.68 1.69

Negative Y displacement 4.707 1X107° 3.0451x107° 1.852 7X107° 1.307 8X10°°
Moment/ s 0.30 0.59 1.26 3.33
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Fig. 8 Comparison of longitudinal displacements at 1 mm from the center under three excitation modes
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Fig. 9 Comparison of longitudinal displacements at 2 mm from the center under three excitation modes
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Table 3 Comparison of feature data in different excitation modes

Peak displacement

Energy density/

Excitation mode (mJemm-?) Observation point Positive peak Negative peak Positive peak
position/mm value 1 value value 2
1 10.936 40.326 24.538
Point source 763.36 2 4.113 13.278 9.195
4 3.706 11.890 8.372
1 4.122 1.116 10.098
Linear source 60.00 2 3.149 8.629 6.988
4 1.218 4.442 3.983
1 16.937 47.071 38.143
Transient grating 7.64 2 11.911 30.451 21.110
4 5.318 18.527 11.616
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Research on Ultrasonic Response Characteristics of Structures Excited
by Laser Transient Grating

YAO Dong"*, GAO Bo’, SONG Yingzheng’, LI Qun’, GAO Guilong'
(1 Rocket Force University of Engineering , Xi'an 710025, China)
(2 Shanghai Academy of Spaceflight Technology, Shanghai 200233, China)
(3 Xi'an Jiaotong University, Xi'an 710049, China)
(4 Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)

Abstract: Ultrasonic Nondestructive Testing (NDT) supports field use and has a strong resolution, which
is a key developing method in the field of structural health supervision and testing. In recent years, contact—
type technical paths such as patch detection, medium coupling detection, and air coupling detection based
on piezoelectric sensors have been formed, which are widely applied to many industries. With the
integration of high—quality pulsed laser technology and the research on the mechanism of laser-matter
interaction, the detection technology of pulsed laser—excited ultrasound has gradually developed. This
technology is expected to solve the problems of surface pollution and fixed detection area caused by
traditional piezoelectric—excited adhesive sensors and coating coupling agents. The ultrasonic wave excited
by pulsed laser includes longitudinal wave, transverse wave and surface wave, and its propagation velocity
is related to the density and elastic constant of the material. In the past, the spot source mode and line
source mode of a pulsed laser beam, as well as the line source array mode modulated by lens array and fiber
bundle with fixed physical structure, limited the flexibility of spatial expansion of pulsed laser, and also
restricted the development of structural response characteristics and signal-structure correlation analysis
under the new excitation mode. The disadvantages of pulsed laser excitation are: the monochromatic
coherence of laser restricts the modulation ability of beam spot, which leads to the limitation of ultrasonic
time—frequency mode, meanwhile, the structural damage threshold limits the energy of pulsed laser, which
leads to the shortage of ultrasonic signal intensity. In this paper, the spatial expansion of pulsed laser is
combined with laser ultrasonic nondestructive testing technology. Then, the structural response of laser
transient grating acting on aluminum alloy plate is studied from two aspects: numerical analysis and
experimental research by adopting the idea of numerical analysis to reveal the law and experimental
research to verify the method. By deploying observation points at different distances and directions from the
center of the grid excitation, the peak gain and the decrease of energy density of the grid excitation signal
are obtained for the first time, and the direction angle of near—field enhancement is revealed. The structure
size of the simulation model is 50 mm >} 50 mm X5 mm, the number of grids is 189 062, and the number of
computing nodes is 32 028. Mesh encryption is carried out near the center of the upper surface of the
aluminum plate, and transition treatment is carried out in a certain range to meet the comprehensive
requirements of convergence of the loading area and controllable overall calculation scale. In the field of
laser processing and laser processing, aiming at the laser absorption process of rough surface, the
reflection—absorption comprehensive model and lumped test method are developed to measure the laser
absorption rate. In terms of numerical analysis, the influence of surface roughness on absorptivity under the
framework of reflection and absorption model was studied. The excitation process of laser transient grating
with a 1mm diameter, Ins pulse width and 6 mJ single pulse input was simulated, and the comparative
analysis of point laser source and line laser source with the same energy was carried out. The numerical
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results show that the peak value of ultrasonic signal under transient grating excitation was 2~5 times that of
point source excitation when the observation distance less than or equal to 4 mm, and the surface energy
density of the structure was about 1% of that excited by point source and 12.7% of that excited by line
source. The principle of the experiment is that the laser beam spot generated by the pulse laser is split and
interfered with by the transient grating module, then, a "bright and dark" laser transient grating is formed.
The transient laser grating acts on the surface of the aluminum plate, and the ultrasonic wave is excited in
the aluminum plate by thermoelastic effect, which causes the longitudinal displacement of the structural
surface. The laser interferometer is used to collect the displacement of the structure surface which is 2 mm
and 10 mm away from the center of grating action, and the collected signal is displayed by oscilloscope.
The device includes pulse laser, transient grating module, laser interferometer, oscilloscope and aluminum
alloy plate. In terms of experimental research, the transient grating module was developed, and the laser
transient grating ultrasonic experiments were performed on aluminum plate. The experimental results show
that the amplitude of ultrasonic was about 1 nm under 60 kHz high pass filtering, the maximum relative
deviation of the surface displacement peak was 8.91% , and the deviation of surface acoustic wave velocity
was 6.62%, corresponding to the signal delay at 10 mm from the center of the grating. Synthesize the
above analysis, the dispersion of laser beam spot excited by laser transient grating reduces the energy
density per unit area of the structure surface, and forms ultrasonic enhancement along the grating direction,
which lays a good foundation for improving the signal-to—noise ratio and ensuring the safety of the structure.
Key words: Ultrasonic nondestructive testing; lLaser excitation; Grating spatial modulation; Energy
density; Signal intensity
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