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Molecular dynamics simulation of graphene-reinforced epoxy resin under ultra-high-speed impact
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Abstract : In order to study the dynamic damage and failure mechanism of protective materials under hypervelocity impact, a
molecular model (protection model) was first constructed, with a rigid spherical diamond as the projectile, a single graphene layer as
the upper layer, and epoxy resin as the lower layer. The epoxy resin model was constructed in Materials Studio software using a Perl
script with bisphenol a diglycidyl ether and the amine curing agent 4, 4-diaminodiphenyl sulfone. Then, from the microscopic point
of view, the process of rigid spherical diamond projectile impacting rock protection model at different ultra-high speeds (10,20, 30,
40, 50 km/s and 60 km/s) was studied by molecular dynamics simulation method. The changes of structure, energy, dynamic
damage and failure behavior of the protection model during the impact process were analyzed. The results indicate that once the
projectile penetrates the protection model, it is slowed down rapidly due to resistance from the model. A higher initial speed leads to
greater resistance and a faster decrease in velocity. The high-speed impact of the projectile causes the protection model to form a
cavity. As the penetration speed increases, the cavity size and potential energy change grow, and some chemical bonds in graphene
and epoxy resin break. At low projectile speeds, the projectile remains in the protection model, with kinetic energy loss approaching
100%. At projectile speeds of 40,50, 60 km/s, the kinetic energy loss rates are 98.32%,92.51%,and 61.65%, respectively.

Keywords : ultra-high-speed impact ; molecular dynamics ; graphene ; epoxy resin ; crosslinking ; dynamic damage
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