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Abstract: The propagation and strengthening mechanism of cryogenic laser shock in Al-Cu alloy were
studied through numerical simulations and experiments. Firstly, the molecular dynamic model of Al-
Cu alloy was established by Lammps software. Based on the modal, the variations of shock velocity
and shock pressure respectively with particle velocity were obtained at room-temperature (293 K) and
Liquid Nitrogen Temperature (LNT) (77 K). Then the evolution of dislocations induced by laser

shock wave was analyzed. Finally, the simulation was proved by experiments. The results indicate
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that the shock velocity and pressure induced by laser shock wave at LNT are 7. 31 km/s and 25. 93
GPa respectively, which are greater than those at room-temperature. Moreover, the dislocations gen-
erated by cryogenic laser peening are more stable and uniform. The maximum atom number of disloca-
tions is 104 381, which is approximately 30. 5% more than that at room-temperature. The reason is
that at NLT, Al-Cu alloy has better FCC lattices with short atomic spacing and uniform atoms ar-
rangement, which not only accelerates the energy transfer between two adjacent lattices leading to the
increases of the shock velocity and pressure induced by cryogenic laser peening, but also promotes the
nucleation and growth of dislocations resulting in a better strengthening performance compared with
cryogenic laser shock peening at room temperature.

Key words: cryogenic laser peenig; liquid nitrogen temperature; molecular dynamics; dislocations; Al-

Cu alloy
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Laser shock wave
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