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Abstract : Kevlar fiber-reinforced epoxy composites are widely used in impact-resistant and energy-absorbing protective struc-
tures due to their excellent impact resistance. Integrating machine learning, first-principles calculations and molecular dynamics,
the dynamic damage and failure mechanisms of protective materials under high-speed impact loading were investigated. First, a
dataset was obtained through Ab initio molecular dynamics calculations. Subsequently, a deep neural network was employed to
develop a deep potential for a three-component (projectile, Kevlar fiber, epoxy) impact model, which combines the high accuracy of
first-principles calculations with the high efficiency of classical molecular dynamics. Finally, a large-scale molecular model was
constructed to simulate the impact of a spherical diamond projectile on a Kevlar fiber/epoxy composite (protective model). Based on
the deep potential, molecular dynamics simulations were performed to study the hypervelocity impact of a rigid spherical diamond
projectile on the protective model at speeds of 10, 20, 30, 40 and 50 km/s. The response characteristics of protective models in terms
of structure, energy, damage evolution and failure behavior during impact were analyzed at microscopic level. The results show that
after the projectile penetrates the protective model, its motion is significantly hindered and its velocity decreases sharply. The higher

the initial velocity of the projectile, the faster its velocity decays. When the initial projectile velocities are 10 km/s and 20 km/s, the
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projectile ultimately remains embedded within the model. In contrast, at initial velocities of 30, 40, 50 km/s, the projectile fully

penetrates the protective model, with kinetic energy dissipation rates of 99.61%, 99.54% and 99.25%, respectively. Under projectile

impact, noticeable voids form within the Kevlar fiber layer. When the projectile is embedded within the fiber layer, the damage area

is relatively small. However, when the projectile penetrates the fiber layer, it causes extensive damage, resulting in a larger void area.

Keywords : high-speed impact ; molecular dynamics ; deep learning potential ; Kevlar fiber ; epoxy resin
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