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Several StartFile assemblies have been created for use with the program
Oval, versions 0.6.3 or higher. Each assembly contains 4096 three-dimensional
(3D) particles of a single shape. The shapes are solids of revolution and are
shown in Fig. 1. Data on each assembly is given in Table 1. The shapes are
“ovoids” that were created by using different splice angles β. The angle β differs
among the assemblies, but the same angle is used for every particle within a
single assembly. That is, each assembly contains a single shape category.

The particle sizes are summarized in Table 2, and their distribution is given
in Fig. 2. The sizes are the “breadth” (width) of a particle measured transverse
to its axis of revolution. The aspect ratios of particles in each assembly are
uniformly distributed across the ranges shown in Table 1. Because an ovoid
shape is a composite of two spherical caps and a middle torus, each particle is
strictly convex (convex with no flat or cylindrical surfaces).

Each assembly is cubic with periodic boundaries on all sides. The assemblies
were created in the following steps:

1. A set of 64 particle sizes was created, as shown in the histogram of Fig. 2.

2. Sixty-four repetitions of the 64 particles (4096 particles ÷ 64 sizes) were
placed on a cubic grid inside of periodic boundaries. The configuration was
initially very sparse. The particles were randomly selected when placed
inside the assembly, but there are 64 instances of each of the 64 sizes.

3. The particles were “mixed up” by a series of three Oval runs, in which
random velocities were assigned to the particles (both translational and

Table 1: Assembly properties.

Aspect Void Avg.

File name Fig. ratios Breadth β Ratio CNa

DSphere b 4096 — 1 0.49–1.35D —

DOblate 4096 1a 0.65–0.85 0.49–1.35D 45◦ 0.3760 8.93

DProlate 4096 1b 1.20–1.60 0.49–1.35D 45◦ 0.3723 9.20

DCurlstone 4096 1c 0.65–0.85 0.49–1.35D 10◦ 0.3781 8.29

DMisobowl 4096 1d 0.65–0.85 0.49–1.35D 65◦ 0.3772 8.56

DFootball 4096 1e 1.20–1.60 0.49–1.35D 30◦ 0.3758 7.76

DPill 4096 1f 1.20–1.60 0.49–1.35D 85◦ 0.3796 2.78
aAverage coordination number.
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(a) Oblate shape (oblate) (b) Prolate shape (prolate)

(c) Curling stone (curlstone) (d) Miso bowl (misobowl)

(e) Football (football) (f) Pill (pill)

Figure 1: Shapes in the oval/samples/startfiles/Shapes 3D directory.

Table 2: Particle size characteristics.

Diameter, D Value

D50 1.000

Mean D 0.875

Median D 0.887

Std. dev. D 0.188

Max. D 1.183

Min. D 0.429
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Figure 2: Histogram of particle girths.

rotational velocities). The particles were allowed to mix during each run,
but the assembly remained at its original size. During this process, friction
and gravity were “turned off” (at present, gravity can not be applied with
Oval).

4. In a series of 17 to 23 Oval runs, the assembly was isotropically compacted
by reducing the dimensions between the periodic boundaries. Friction
between the particles “turned off.” With each run, the rate of compression
was reduced. A random initial velocity was assigned to each particle at
the start of each compaction run. This process was intended to disturb
the particles from their state at the end of the previous stage, so that the
assembly would be progressively perturbed and made denser. The goal of
these Oval runs was to produce as many contacts as possible, but with a
minimal amount of overlap between particles. The overlaps are typically
less than 0.1% of the average particle diameter.

The coordination numbers shown in Table 1 are only approximate, since they
were the final coordination numbers at the end of a zero-friction compaction
process. Once friction is restored, an assembly will likely be disturbed so that
contacts will become dislodged or newly formed.

Please note that the use of these assemblies will require Oval versions 0.6.3
or higher, as contained in the files oval-0.6.3.f and common-0.7.23 inside the
following directory:

http://www.egr.up.edu/kuhn/oval/source

The assemblies themselves are in D-file format and contained in the directory
http://www.egr.up.edu/kuhn/oval/samples/startfiles/Shapes 3D

Documentation on Oval in both PDF and Postscript formats is available in the
directory

http://www.egr.up.edu/kuhn/oval/doc
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