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Can Molecular Dynamics simulate High-velocity impacts?
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MD

Target: 600 x 600 x 400 A3, (up to 200 million atoms)

Projectiles:
e r=4nm 2,331, r=8nm, 17,261, r = 10 nm 35,000 atoms

Velocities: 1 - 4.5 km/s
Timestep: 0.1 fs
Total simulation times: 200 ps.

Interatomic potential: EAM, Bonny et al. [4].

Potential joined to the universal repulsive interatomic potential of Ziegler,
Biersack and Littmark [5] (ZBL) at small interatomic distances.

[4] G. Bonny et al. J. of Physics: Condensed Matter. 26, 485001 (2014).
[5] J.F. Ziegler, J.P. Biersack, and U. Littmark, The Stopping and Range of lons in Matter, Pergamon, New York (1985).
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[5] J.F. Ziegler, J.P. Biersack, and U. Littmark, The Stopping and Range of lons in Matter , Pergamon, New York (1985).
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I1 scaling theory

We used a set of scaling laws, specifically m-group scaling laws*, to
extend the findings of small-scale experiments to larger scenarios.

[*] K.A. Holsapple, The scaling of impact phenomena, Int. J. Impact Eng. 5 343-355 (1987) .
[*] K.A. Holsapple, The scaling of impact processes in planetary sciences, Annu. Rev. Earth Planet. Sci. 21, 333-373 (1993).



I1 scaling theory

-> physical impact parameters = dimensionless quantities.

13
p = Dc %
p

[*] K.A. Holsapple, The scaling of impact phenomena, Int. J. Impact Eng. 5 343-355 (1987) .
[*] K.A. Holsapple, The scaling of impact processes in planetary sciences, Annu. Rev. Earth Planet. Sci. 21, 333-373 (1993).



I1 scaling theory

-> physical impact parameters = dimensionless quantities.
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[*] K.A. Holsapple, The scaling of impact phenomena, Int. J. Impact Eng. 5 343-355 (1987) .
[*] K.A. Holsapple, The scaling of impact processes in planetary sciences, Annu. Rev. Earth Planet. Sci. 21, 333-373 (1993).



I1 scaling theory

-> physical impact parameters = dimensionless quantities.
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[*] K.A. Holsapple, The scaling of impact phenomena, Int. J. Impact Eng. 5 343-355 (1987) .
[*] K.A. Holsapple, The scaling of impact processes in planetary sciences, Annu. Rev. Earth Planet. Sci. 21, 333-373 (1993).
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P. Tolias et al. Wall cratering upon high velocity normal dust impact, Fusion Eng. Des. 195, 113938 (2023)
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In the strength regime [1, 2 ravity is neqgligible -7
gth regime [1, 2] (gravity Is negligible ) ﬂH:kHﬂg
_ k —7/D
Tp — Kp7ls
L k A
Ty — Ky,
_-m---m
0.37 -0.33 0.01 -0.76 0.0008 -1.5 This work
SS SS 0.062 -0.26 0.78 -0.45 0.003 -0.97 [3]

[1] K. A. Holsapple. J. Geophys. Res. Solid Earth. 92 6350 (1987)
[2] R. M. Schmidt. Int. J. Impact Eng. 5, 543-560 (1987). [3] R. Ogawa, et al. Icarus 362 (2021) 114410
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In progress: He bubbles
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[1] A. Nuttall et al. A thermodynamic analysis of hypervelocity impacts on metals. Int. J. of Impact Eng. 144, (2020)
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FIG. 1 The RDF for liquid W, T=5000 K,  [AAE ) 8.36

using two different interatomic potentials.
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Size-dependent melting point
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Size-dependent melting point
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J. Sun & S. L. Simon. The melting behavior of aluminum nanoparticles. Thermochimica Acta. 463 (1-2): 32 (2007)
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