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Irregular Particle Discrete Element Method with Signed Distance
Field Approach”
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(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract An irregular discrete element simulation method using signed distance field (SDF) to detect
the contact between particles is proposed to analyze the dynamic behavior of irregular particle systems.
The contact detection of irregular particles is the key difficulty. In the coarse detection stage, the neigh-
bor particles were retrieved by the spatial sorting method. In fine contact detection, the SDF implicit
function is used to describe the irregular shape of the particles, and the signed distance of the voxel grid
generated on the surface of the particles is linearly interpolated to extract the contact characteristics of
the particles efficiently. The effectiveness of the proposed method is verified by the comparison between

numerical simulation and experiment of particle collapse.
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Fig. 1 Diagram of polyhedron model and SDF model:

(a) Polyhedron model: geometric characterization of particles;
(b) SDF model: particle and the signed distance fields (2D diagram)
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description of the signed distance field
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Table 1  Simulation parameters of centripetal collision of particles with different shapes

Particle geometry parameter

Particle physical parameter

Particle Shape Radius/cm N, N, p/(g.gm"“) Y/GPa v € "

Sphere 3.64 162 320 2.65 0.01 0.2 1.0 0.0

Icosahedron 5.96 42 80 2.65 0.01 0.2 1.0 0.0
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Fig.5 The evolution of kinetic energy during the icosahedral

particles centered collision in zero gravity
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Table 2 Simulation parameters setting of particles collapse with different shapes

Particle geometry parameter

Particle physical parameter

Particle Shape o/(g-cm 3y Y/GPa v e P
‘ Sample- I Sphere AR=1.0 2.0 0.01 0.2 0.3 0.2
0 Sample- [  Ellipsoid AR=0. 65 2.0 0.01 0.2 0.3 0.2
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Fig. 6 Experimental equipment and scene
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Fig.7 Simulation and experiment results of ellipsoidal and spherical particles collapse
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Fig. 8 Experimental results of particle stagnant zones: (a) Original image; (b) Binarization; (¢) Contour extraction;

(d) Line fitting; (e) Comparison of repose angles in stagnant zones of different shapes of particles
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