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Fig. 1. Super-quadric elements in three dimensions.

2.2 BITlElRYiEmRFIET G A

5 RRIT 0L fei B H. v 250 4 TR EE, AERR
DU SR ) P 450 28 NF [ 7 AN T BT ) 1) Bl 26 2 2
M, Ht BRSNS A
REFER RN WA REZER. AR
BRI JGURL ) 42 s ) BBy (4) 52 e 1, %5 R R [ A [R] 452
fink B 2T AR RSORL BRI, SR PR S A BR T 0, Bl B AN 77
i) & (oriented bounding box, OBB), 41 2 fiy
AN, X PR AT Rk T AR R o), B R
FP SRR BRI AL G A BT ) 5 — Uk fik
FRUREL 0 0, L4 A 0 3 T Bk Ak 5 B A ) P ik o1

2 HILEHE &M OBB

Fig. 2. Bounding spheres and oriented bounding boxes.
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Fig. 3. Contact detection between super-quadric particles.
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Fig. 5. Non-linear force model with considering the

equivalent radius of the particle shape curvature.
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Fig. 6. Scheme of cylinder-wall impact, -z projection.
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Table 1. DEM simulation parameters of cylinder impact.
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Fig. 7. Comparison of cylinder-wall impact between analytical results (441 and DEM simulation results: (a) The di-

mensionless post-impact translational velocity Vj/V;; (b) the dimensionless post-impact angular velocity rw,j/V;.
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Table 2. DEM simulation parameters of sphere impact.
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Fig. 8. Comparison of impact loads between experiment results [31] and DEM simulation results under different

granular thicknesses: (a) H = 0.5 cm; (b) H = 2.0 cm.
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Fig. 10. Impact loads on bottom plate versus time under various thicknesses of granular with different shapes:

(a) Sphere; (b) cylinder; (c) cube; (d) comparison of impact load peaks among three particle shapes.
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Fig. 12. Influences of blockiness parameters on the impact load versus time for the different changing processes:

(a) Sphere-cube; (b) cylinder-cube.
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Fig. 13. Impact load peaks and initial granular concentration under various blockiness parameters: (a) Impact load

peaks; (b) initial concentration of granular material.
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Fig. 14. Cylinder-like particles and cube-like particles with various aspect ratios: (a) Cylinder-like particles; (b) cube-

like particles.
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Fig. 15. Influences of aspect ratios on the impact load versus time for the different shapes: (a) Cylinder-like particles;

(b) cube-like particles.
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(b) initial concentration of granular material.
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Abstract

Granular system commonly encountered in industry or nature is comprised of non-spherical grains. Comparing with
spherical particles, high discretization and interlocking among non-spherical particles can effectively dissipate the system
energy and improve the buffer capacity. The superquadric element based on continuous function envelop can form the
geometric shape of irregular particles accurately, and then contact collision action between particles can be calculated
easily. In this paper, we provide a comprehensive introduction to particle-particle and particle-boundary contact collision.
In addition, considering different shapes and surface curvatures under various contact patterns between super-quadric
particles, the linear contact force model cannot be applied to the accurate calculation of the contact force, and a
corresponding non-linear viscoelastic force model is developed. In this model, the equivalent radius of curvature at a
local contact point is adopted to calculate the normal contact force, and the tangential contact force is simplified based
on the contact model of spherical elements. To examine the validity of the algorithm and this model, we compare the
discrete element analytical results with the analytical results for a single cylinder impacting a flat wall and the previous
experimental results for spherical granular material under impact load, and this method is verified by good agreement
between the simulated results and the previous experimental results.

According to the aforementioned method, we study the buffer capacity of non-spherical particles under impact load
by the discrete element method, and the influences of granular thickness and particle shapes on the buffer capacity are
discussed. The results show that a critical thickness H. is obtained for different particle shapes. The buffer capacity is
improved with increasing the granular thickness when H < H., but is independent of the granular thickness and particle
shapes when H > H.. Moreover, the impact peak and initial packing fraction increase significantly with increasing
the blockiness. Rectangular particles account for the highest packing fraction, and the packing fraction of cylindrical
particles is higher than the packing fraction of spherical particles. Therefore, Rectangular particles are more likely to
form dense face-face contacts and ordered packing structures with high packing fraction. These denser packings prevent
the particles from their relatively moving, and thus reducing the buffering capacity of the particles. Furthermore, the
impact peak and initial packing fraction decrease with increasing or reducing the aspect ratio of cylindrical particles
and the aspect ratio of rectangular particles. The aspect ratio of particle can be used to adjust the dense packing
structure and reduce the stability of the system. It means that the particles have more effective buffer capacity for the

non-spherical particle system.

Keywords: discrete element method, non-spherical particle, buffer capacity, critical thickness
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