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Abstract. Impact fragmentation is the underlying principle of comminution milling of
dry, bulk solids. Unfortunately the outcome of the fragmentation process is more or less
determined by the dimensionality of the impactor and it’s impact velocity, prohibiting
the adjustment of desired fragment distributions. By modifying target shapes or impact
angles, differences in the fragment mass distributions can be obtained, however the overall
picture does not change significantly. Fragmentation is basically the destruction in the
wake of the interfering shock waves. Therefore manipulating traveling shock waves and
adding energy to the system during it’s fragmentation could be a promising approach.
In a former study we explored mechanisms in impact fragmentation of spheres, using a
three-dimensional Discrete Element Model (DEM)1. In this work we study how single
sphere fragment when impacted on a planar vibrating target.

1 MODEL DESCRIPTION

Ever since the DEM was proposed by Cundall and Struck in 19792, this approach had
a strong attraction for the simulation of rock mechanics and brittle failure in particu-
lar. Today DEM is defined as a collection of numerical methods that allows for finite
displacements and rotations of discrete bodies including detachment3. We employ a 3D
implementation where the solid is represented by an agglomeration of bi-disperse spheres.
Cohesion is considered by connecting sphere centers of neighboring spheres by a network
of 3D beam-truss elements that can elongate, shear, bend and torque. The resulting
force for accelerating spheres is composed of inter-sphere (see Fig. 1(a)) or sphere-plane
contact forces with Hertzian contact, axial forces from the truss, bending forces and mo-
ments transmitted by intact beams (see Fig. 1(b)) and volumetric forces. Additionally
damping, friction forces and torque are included. A detailed model description can be
found elsewhere1.

Beam elements are allowed to fail to explicitly model damage and fracture of the
solid. The utilized failure criterion on the element level considers failure due to straining
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Figure 1: Inter-sphere interaction (a) and beam deformation with Euler-Bernoulli element (b).

and bending by comparing actual states to threshold values originating from a Weibull
distribution that controlls material disorder. The time evolution of the system is followed
using a 6th order Gear predictor-corrector scheme with quaternion angle representations.
The vibration of the target is considered by periodically displacing the target plate with
frequency f and amplitude amp. The target has a 20 times higher stiffness assigned, for
the contact force calculation than the spheres.

2 ENERGETICS

If we track the total energy of the system during impact against a stationary target,
we observe energy dissipation due to damage formation, friction and a small portion
that is damped away e.g. by material damping (see Fig.2(a)). However for vibrating

Figure 2: Evolution of the total energy in the impactor for varying target wave length w (a) and accel-
eration magnitude fields for stationary and moving targets (b).

targets, energy is transmitted to the impactor if the wave length w gets smaller than the
contact time ∆tc. In Fig.2(b) the two cases are compared in terms of the magnitude
of acceleration for tc ≈ 5w using an explicit FEM code with axisymmetric quadratic
elements and properties that correspond to the macroscopic ones of the DEM model.

2



Falk K. Wittel and Hans J. Herrmann

The magnitude of accelerations is higher in the vibration case with several wave fronts
traveling the system.

3 FRAGMENTATION

To predict the effect of the traveling multiple shock fronts in the case of system frag-
mentation we simulate impact with a velocity just above the critical velocity for fragmen-
tation. For a static target we get mainly one sharp crack splitting the impactor, some
fragments at the impact cone and a few one particle fragments. Damage is mainly local-
ized to form large cracks (see Fig.3(a)). With a vibrating target (Fig.3(b)), already for

Figure 3: Fragmented impactor for (a,d) stationary target and (a) (vi=145m/s) just above the
critical energy and (d) (vi=200m/s) well above; (b,c) with moving targets (b)(a=0.05mm,w=3µm)
(c)(a=0.2mm,w=.63µm). Intensities represent different clusters.
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small amplitudes of 50µm the impact cone gets further fragmented, new fragments form
and damage zones widen. Opposite to the first case also inside the fragments damage is
widely distributed, simplifying further fragmentation in a consecutive comminution step.
In Fig.3(c,d) we compare a case with higher amplitude of 200µm with impact against a
static target at high velocity. It is visible by the naked eye, that fragment and conse-
quently fragmentation mechanisms differ.

Figure 4: Masses of the 1st and 2nd largest and average fragment as function of the w for vi=145m/s (a)
and fragment mass distributions for selected clusters (b).

Finally the fragment sizes and size distributions can be compared for increasing fre-
quency starting from one wave length per contact time (30µs) up to 40. Interestingly
ultrasound can not only promote, but also prohibit fragmentation (see Fig.4(a) w <3µm).
First consequences on the fragment size distributions are visible in Fig.4(b) and will be
discussed in more detail along with modifications in fragmentation mechanisms.
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