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Abstract  For recent years, the material point method (MPM) has been proved to be an important
simulation method in the physically-based animation fields. Its capability is well demonstrated with
compelling visual simulations of snow, melting and solidifying materials, porous materials like sand
and viscoelastic materials like foam, etc. The existing complicate physical phenomenon exhibits its
potential to be a unified solver, while it still has some limitations for the elastic materials, especially
for the heterogeneous materials which are more general in the nature world. Since the interpolation

between the background grids and the particles are based only on the geometry position of the
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particles without considering of the material properties, the movement of particles will act as an
“average” effect in one grid. To improve the limitation of complex materials with the traditional
MPM, we propose a simulation method for heterogeneous elastic materials. Firstly, in the
precomputation process, the simulation object is discretized as particles and the material boundaries
and the corresponding boundary particles are established according to the distribution of the particles
with different properties. The locations of the boundary particles are updated dynamically during
the simulation process. Secondly., we introduce the particle impact domain to separate the different
particles which increase the computing DOF(Degree Of Freedom) inside the grid. The interpolation
between the grids and the particles in the traditional MPM has been extended to two steps. The
particle domain acts as an intermediate process to connect the grids and the particles. Finally,
according to the position of the material boundaries, we present a criterion to judge that the
calculation of the simulation particles is on the background computing grids or on the particle
domains. In the simulation process, we record the enhanced background grids by tracing the
boundary particles. The particles in the signed background grids are set to the enriched particles,
which are computed on their particle domains. To ensure the simulation efficiency, other ordinary
particles are computed on the background grids as traditional MPM and the location of the particle
domains will move as the particles. The experimental results demonstrate that the improved
MPM can effectively simulate the deformation behaviors of heterogeneous materials. Compared
with the finite element method (FEM) , it is shown that our proposed method achieves comparable
effect on the simulation of the complex elastic materials and has more advantages with the topological
structure changing problems and collision handling issues.

Keywords  material point method; heterogeneous elastic materials; particle domain; material

boundaries; numerical fracture
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Background

This paper focuses on the field of the deformable solid
simulation. We propose a simulation method of the heteroge-
neous elastic material by using the enhanced MPM. Stomakhin
et al. introduced MPM method into graphic field for the snow
simulation. Their subsequent researches further explored
their strength in simulating a broader spectrum of material
behaviors. Jiang et al. recently presented a method to reduce
the dissipation between particles and grid by augmenting
particles with a locally affine description of velocities. Ram et al.
combined the left Cauchy-Green elastic strain tensor with an
Oldroyd-B model for plastic flow to simulate viscoelastic fluids,
foams and sponges. Klar et al. simulated sand dynamics using
an elastoplastic, continuum assumption. They demonstrated
that the Drucker-Prager plastic flow model combined with a
Hencky-strain-based hyper elasticity accurately recreated a
wide range of visual sand phenomena with moderate compu-
tational expense.

The existing MPM has already simulated many natural
effects, but it still has difficulty in simulating elastic
deformable solids, especially for heterogeneous materials.
The particles are lack of the corresponding relations, since
MPM takes use of the interpolation method for the data
transmission process between the particle and the background
computation grids. The numerical fracture phenomenon occurs

when the particles exceed the grid interpolation influence areas
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in large deformation situations. At the same time. for the
heterogeneous material simulation, the interpolation functions
are depended only on the geometric positions, not on the
material properties of the particles. Different particles in one
grid can’t be separated in the data transmission processes.

We extended MPM by introducing particle domains in
the whole simulation process. Different particles can be
computed separately by using their corresponding particle
domains. The proposed method enhanced the computation
DOFs in the grid. We presented the material boundaries for
the deformable solid with different material areas and updated
the position of the boundary particles with time varying. And
the proposed criterion to judge the computation on the
background grid or the particle domain based on the moving
material boundary locations.

As far as the MPM simulation, we have extended it for
robust simulation of extremely large elastic deformation for
homogeneous elastic materials. In this paper we focused on
the simulation effects for heterogeneous elastic materials.
which are closer to the natural world.
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