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ABSTRACT 

A set of ballistic Taylor tests is simulated by molecular dynamics (MD) to investigate some general 

trends of impact fragmentation. The flat-ended, nanoscale pillars are represented by a 2D cluster of 

atoms interacting either by Lennard-Jones potential or the embedded-atom method. These projectiles 

collide with a rough rigid wall with striking velocities varying in a wide range, v ∈  [0.3, 100] km/s.  

With increasing striking velocity, a projectile disintegration eventually takes place and is identified 

with the damage-fragmentation (D-F) phase transition [1, 2]. Correlations are explored between the 

largest fragment mass (mmax) on one side and the striking velocity (i.e., the impact energy, 2v∝K ), 

and the maximum values of  the pressure, temperature, and effective strain on the other. Notably, the 

rigid-anvil hypervelocity impact is characterized by a reverse-sigmoid dependence mmax = f (K) 

bounded by two transitions: (i) the D-F phase transition (K0, mmax0), and (ii) the shattering transition 

(K1, mmax1 ≡ 1). The results suggest the same set of dependences in the logarithmic space between 

mmax and the above-mentioned state parameters [3]; a unifying empirical relation is proposed. 

The present 2D-MD simulations are used to explore the elusive shattering fragmentation defined by 

the complete pulverization of the nanoprojectile into the cloud of monatomic debris, 

mmax = mmax1 ≡ 1, which pinpoints the high-energy tail of the reverse-sigmoid dependence. The term 

“shattering” is inspired by Redner’s discussion of a mathematical pathology in a solution of the linear 

fragmentation rate equation “in which mass is lost to a dust phase consisting of an infinite number of 

zero mass particles” [4]. The critical impact energy (K1), associated with this transition from the 

stochastic to the deterministic fragment mass distribution, is investigated at two different initial 

temperatures of the nanoprojectile (0 and 1000 K) while scaling its size in a self-similar manner by 

varying their diameters at the constant aspect ratio. A scaling relation is proposed that relates K1 to 

the nanoprojectile size. It is observed that, for all but the smallest nanoprojectiles, the minimum 

achievable mmax exceeds mmax1 ≡ 1, which is discussed based on the physically-limiting striking 

velocity. This shattering-transition onset is seemingly an inherent material property insensitive either to 

the choice of the empirical potential or the initial temperature of the solid nanoprojectile. 

Finally, a study of the lateral-confinement effect on fragment mass distribution indicates that the 

expected confinement-induced increase of the pressure and temperature results in a very peculiar shift 

of the Poisson hyper-exponential distribution (with respect to the results obtained by using the classic 

Taylor test setup). Fortuitously or not, the values of exponent(s), that define the fragment mass 

distribution of all but the smallest fragments, are apparently insensitive to the lateral confinement. 
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