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Abstract To study the transmission mechanism of laser shock wave inside the 690 high-strength steel sheet, the
dynamic strain induced by laser shock loaded on 690 high-strength steel sheet was simulated on the platforms of
Hyperworks and LSDYNA. The experimental results were measured by a polyoinglidene fluoride piezo electric
sensor. A comparison between the simulated and the experimental results was carried out. The dynamic strain

model of 690 high-strength steel surface under high strain rate of pulsed laser shock and a loading model under the
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laser shock waves on 690 high-strength steel sheet were established. The results show that under the loading power
density of 12. 7 GW/cm?® through changing the location of measuring position and thickness of the samples, the
measured velocity of Rayleigh wave and laser shock is 3. 08 X 10° m/s and 3. 09 X 10° m/s respectively. The
simulated value of the velocity of the surface Rayleigh wave was 3.24 X 10° m/s, displaying significant consistency
with the experimental results. Shear wave and Rayleigh wave can be separated through adjusting the power density
of laser shock. The experimental results demonstrate the accuracy and reliability of the dynamic strain model of 690
high-strength steel surface loaded by the pulsed laser shock wave. The loading model of the laser shock waves can be
used to describe the transmission mechanism of the laser shock wave inside the 690 high-strength steel sheet.
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Table 1  Chemical composites of 690 high-strength steel (mass fraction) and mechanical capacity

Mass fraction of chemical composites /%
C Si Mn P S Cr Ni Mo
<0.18 <0.50 =<1.6 =<0.02 =<0.01 <1.5 <3.5 <0.7 <0.08 =690 835 72
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Fig. 1 Experimental apparatus of the detection of dynamic stain of 690 high-strength steel sample after laser impact.
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Fig. 2 Pressure-time history of laser shock wave
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Fig. 3 Spread of Rayleigh surface wave in the sample by simulation. (a) 1584.3 ns; (b) 2046.9 ns
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Fig. 4 Dynamic strain of 690 high-strength steel at the area from the edge of 0.5 mm when laser shock is

loaded on its surface with a laser power density of 12.7 GW/cm?*
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Fig. 5 Dynamic strain of 690 high-strength steel at the area from the edge of 2 mm when laser shock is loaded on

its surface with a laser power density of 12.7 GW/cm?*
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Fig. 6 Attenuation curve of laser shock wave in 690 high-strength steel
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Fig. 7 Piezoelectric waveform representation of the dynamic strain of sample backside when the laser shock is

loaded on 1 mm-thick material with a laser power density of 12.7 GW/cm®
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Fig. 8 Piezoelectric waveform representation of the dynamic strain of sample backside when the laser shock is

loaded on 1.5 mm-thick material with a laser power density of 12.7 GW/cm?
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Fig. 9 Piezoelectric waveform representation of the dynamic strain of sample surface when the laser shock is

loaded on 1 mm-thick material with a laser power density of 12.7 GW/cm?*
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Fig. 10 Piezoelectric waveform representation of the dynamic strain of sample surface when the laser shock is

loaded on 1 mm-thick material with a laser power density of 4.6 GW/cm?®
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Fig. 11 Enlarged partial schematic diagrams of the elastic-plastic loading stage for 690 high-strength steel under laser
impact with (a) laser power density of 12.7 GW/cm?, where de is the elastic stage, ef is the yield stage, and fg is
the strain-hardening stage; and (b) laser power density of 4.6 GW/cm?, where de is the elastic stage,
and ef is the yield stage
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Fig. 12 Loading model of the 690 high-strength steel sheet treated by laser shock wave
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