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Figure 1: A CGMD simulation on a polymer melt under a
steady elongational deformation. (a) Initial equilibrium
state and (b) the final steady state. The system contains
M=100 chains each with N = 100 segments. The elongation
rate is 0.001.
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Figure 2: Stre(ss-strain relations of polymer me'lts obtained
by CGMD simulations under steady elongational
deformations for N=100 and 1000 with elongation rate
0.00001, 0.0001 and 0.001.

Figure 3: A fracture in an amorphous solid with a moving obstacle simulated using MSSP. (a) Plastic zone (red region) in the SPH
model, (b) locally averaged strain in MicS’s, and (c) distribution of molecular models (red) and continuum models (blue) used as

MicS’s. 2,560,000 SPH particles are used.
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B Multiscale Simulations on Viscoelastic and Elastoplastic Materials

Among many multi-scale simulation techniques, one promising approach is the
hierarchical modeling where microscopic simulators (MicS) are embedded in each of the
elements of a macroscopic simulator. In such a case, the boundary condition of the MicS
plays a crucial role in determining the local stress generated by the macroscopic flow
or macroscopic deformation. Under periodic boundary condition, one such example is
the use of the Lees-Edwards boundary condition for shear deformations. However, there
was no efficient technique to realize a large elongational deformation compatible with
the periodic boundary condition. We introduced UEF method and QR decomposition
[1] to coarse-grained molecular dynamics (CGMD) and succeeded in simulating a large
elongational deformation of polymer melts. Figure 1 shows snapshot pictures of the
system (a) before and (b) after the deformation. Obtained stress-strain relations are
shown in Figure 2 for several chain length N.

We develop MSSP, which is a multipurpose simulation platform for multiscale modeling
[2]. In MSSP, macroscopic flows and deformations are described by coarse-grained
particle model named as smoothed particle hydrodynamics (SHP) method, while the
local stress-strain relation is evaluated by MicS’s which are embedded in each of the
SPH particles. We applied this MSSP to a fracture phenomenon in an amorphous solid.
Figure 3 shows snapshot pictures of the system where a moving cylindrical obstacle
induces a fracture, where a molecular dynamics simulation of dumbbells and a continuous
constitutive model are switched as the MicS according to the local stress. Figure 3 shows
(a) the plastic zone (red region), (b) locally averaged strain in each MicS, and (c) the
distribution of molecular models and continuous models as MicS, respectively.

1. T. Murashima, K. Hagita, T. Kawakatsu, “Viscosity Overshoot in Biaxial Elongational
Flow: Coarse-Grained Molecular Dynamics Simulation of Ring-Linear Polymer Mixtures”,
Macromolecules (2021) 54, 7210.

2. Y. Morii, T. Kawakatsu, “Lagrangian multiscale simulation of complex flows”, Phys. Fluids
(2021) 33, 093106.
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