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ABSTRACT

Reliable voxelated deposition of food powders is required for multi-material 3D food printing. A
simulation-driven equipment design approach is best given the diverse nature of food powders which
influences the flowability. A Discrete Element Method (DEM) model will be presented capable of simu-
lating flows of concave polygonal particles through a miniaturized piezo-electric actuated hopper [1].

Food powders come in a wide variety of sizes and shapes. The shape is often concave due to the under-
gone milling process promoting both mechanical interlocking of particles as well as higher cohesive and
frictional forces caused by larger contact surface areas. Besides these contributions, long range forces
and capillary bridges influence the flow properties of food powders. Separating the effects of shape, size
and material properties allows for more accurate simulation of powder flow.

The DEM model that will be introduced extends the hysteretic contact force model [2] for polygonal
concave particles. Contact force models for convex particles do not include the possibility of having
multiple contacts between two separate particles, and can therefore not be extended towards concave
particles. Velocity dependent damping, used in many models, is incorrect for concave particles since
damping would scale with the number of contacts between two particles. A damping rule based on the
rate of change of the overlap area, independent of the number of contacts, will be presented. In the
hysteretic force model the maximum indentation for each contact area is kept in memory for determining
the transition points between a loading, un/reloading and detaching indentation trajectory. For concave
particles, it is possible for two contact areas to merge into a single one and vice versa, this will result in
a discontinuity in the force. An efficient method for detecting these transitions along with an extension
of the hysteretic force model that results in a continuous force evolution throughout the contact duration
will be presented along with a Coulomb based friction model. Verification of the model will be shown
through specific particle configuration cases and compared to other models.

Procedures for determining the model parameters based on visual shape recognition, determination of
friction coefficient and material stiffness based on nano-indentation will be described. Experimental
validation of the model will be presented based on predicted mass flow through a miniaturized piezo-
electric actuated hopper and the jamming-flowing transition.
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