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We consider the heteroepitaxial growth where a lattice mismatch between the film and
the substrate exists. Due to the effects of mismatch stress, a flat film surface is unstable
to small perturbations and undergo the Asaro-Tiller-Grinfeld instability [1,2] that results
into various self- organized nanostructures. In addition to the influence of stress,
anisotropic surface energies play an important role as well.
In this contribution, we deal with the anisotropic surface diffusion in the context of
heteroepitaxial growth in relative geometry, where quantities are referred to the given
Finsler metric exhibiting the desired anisotropy. The motion law reads as
(1)
on ,
where is the surface in 3, is the normal velocity of , is the Laplace-Beltrami
is the anisotropic mean curvature given by the prescribed
operator with respect to ,
anisotropy , and is the forcing term given by the elastic energy density depending
only on the film height.
Treating in the motion law (1) as a graph, we obtain a nonlinear parabolic PDE
in the divergence form with several important energy equalities. For the purpose of
numerical solution, we present the numerical scheme based on the method of lines
with the finite differences in space [3] and prove the corresponding discrete energy
equalities. Finally, we show experimental order of convergence of the scheme and
results of numerical experiments with various anisotropy settings.
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In order to elucidate the mechanisms of damage initiation and growth the evolution
of mechanical properties of various specimens were monitored while under uniaxial
compression conditions. For that a number of piezoelectric sensors (P-143.01 of PI
Ceramic GmbH) with a central frequency of 150 kHz were used allow measuring
simultaneously at chosen directions one P (compressive) and two S (shear) ultrasound
waves polarized in two orthogonal directions. The experimental results showed that the
parameters of ultrasounds are stable up to a stress about 40% of yield strength
of materials. Then they decrease gradually before dropping sharply at a stress level
ranges from 85% to 94% of pick stress. Anisotropy induced by uniaxial stress is also
observed in these samples initially isotropic.
In this paper a michromecanical model was developed to simulate the process of
damage of material. For this purpose a two-level microstructural conceptual model is
adopted. Then some micro-mechanisms of damage such as the nucleation, growth of
micro-cracks as well as the debonding effect of inhomogeneities’ interface were taken
into account through a two-step homogenization using the Eshelby’s solution.
The comparison between the numerical and experimental results permits to elucidate
the influence of each mechanism of damage in this type of material.

Figure 1: Disposition of ultrasonic measurement (a); two-level conceptual model
of material (b); comparison of numerical and experimental results (c).
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The question of the inclusion of a crack and its propagation in a finite element (FE)
model initially not intended for this, is a question which is still today the subject of numerous
studies. A special effort is dedicated to the development of tools increasingly generic, flexible
and simple to implement and to use. In this sense, X-FEM has achieved a first step towards
clearly less intrusive simulation of fracture problems. To reduce further this intrusiveness, a
new family of non-intrusive coupling algorithms has recently been initiated by Gendre et al.
[1]. The idea is to develop a local/global coupling algorithm while avoiding any
modification of the industrial code used to simulate the global problem [2].

Figure 1: direct extraction of SIFs based on Williams series expansion in a 3D localized
multigrid framework
These coupling algorithms have been originally based on domain decomposition (DD) solvers
[1, 2]. Here an alternative algorithm based on a localised multigrid algorithm [3] is proposed
for the simulation of mixed-mode crack propagation, while respecting the constraint of nonintrusiveness of the global problem [4]. For the global model, the contribution of the local patch
consists in additional nodal efforts near the crack, which makes it compatible with most
softwares. The shape of the local model is also adapted automatically during mixed mode
propagation and it allows a direct extraction of fracture parameters from a truncated Williams
serie. Extension to the three-dimensional case is in progress [5].
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Multi-scale modelling implies a framework of complementary approaches at different
length and time scales. Usually a modelling at a smaller scale is followed by modelling at
a larger one and the output of preceding length-scale methods plays the role of the input
parameters for consequent simulations. The approach breaks down if it is not possible to
separate scales. This can happen, for example, when large a number of dislocations are
considered.
An asymptotic technique for analyzing dislocation pile-ups has been suggested [1-3]. We
provided robust systematic proof of the interconnection between continuum and discrete
approaches to dislocation description. Taking the linear pile-up of n identical dislocations
stressed by a constant loading against a lock as the archetypal dislocation agglomeration
we derive equations for the leading order and first-order correction to the continuum
dislocation number density. As n, the dislocation density can be easily found whereas
direct evaluation of the dislocation positions from the set of n force balance equations is
not a simple task. In the framework of the proposed approach these positions can be
easily established by reducing the infinite system of non-linear force balance equations to
an ordinary differential equation.
The method has been developed further to find the equilibrium distribution of n
dislocations in a pile-up stressed against an interface in a solid with coating or surface
oxide layer. The stress at the interface is found as a prefactor of the singular part, which is
mathematically analogous to a “stress intensity factor” in continuum fracture mechanics.
It is determined to high accuracy from a lumped discretization of superdislocations away
from the interface. We provide an example in which a hundred dislocations can be
replaced by just four superdislocations with only 1 per cent error in the computation of
the stress at the interface.
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[1] R.E.Voskoboinikov, S.J.Chapman, J.R.Ockendon, D.J.Allwright, J. Mech. Phys. Sol.
55 (2007) 2007-2025
[2] R.E.Voskoboinikov, S.J.Chapman, J.R.Ockendon, Phil. Mag. Lett. 87 (2007) 669-676
[3] R.E.Voskoboinikov, S.J.Chapman, J.B.McLeod, J.R.Ockendon, Mathematics and
Mechanics of Solids 14 (2009) 284-295

Hybrid continuum-atomistic simulations on the Bloch point dynamics in a singlecrystalline ferromagnet
Christian Andreas1,2, Attila Kákay1, Riccardo Hertel2
1

Peter Grünberg Institut (PGI-6), Forschungszentrum Jülich GmbH, D-52428 Jülich,
Germany
2
Institut de Physique et Chimie des Matériaux de Strasbourg, Université de Strasbourg,
CNRS UMR 7504, Strasbourg, France
Micromagnetic theory has been firmly established about 50 years ago [1] as the basis for the
calculation of magnetic structures in ferromagnets, such as domain walls or vortices. Because it is
a continuum theory, micromagnetism reaches its limits of validity when magnetic
inhomogeneities develop on length scales comparable to the atomic lattice constant. Such
situations are exceptions in homogeneous materials, but their occurrence under specific
circumstances is undisputed. The most prominent example thereof is the magnetic structure
around a Bloch point [2,3]. From a topological perspective the Bloch point represents a point
defect in the vector field of the magnetization. Around this point the magnetization direction
changes by 180°, and on each small sphere around this point any magnetization direction can be
found. These defects occur, e.g., temporarily in the switching of vortex cores [4] or during the
magnetization reversal of soft-magnetic cylinders [5], a process mediated by the nucleation and
the propagation of Bloch points. We have developed a hybrid micromagnetic/Heisenberg model
software package running on graphical processing units, which enables us to treat the core region
of a moving Bloch point by means of an atomistic Heisenberg model and the surrounding,
unproblematic part (where changes in the magnetic structure are smooth) within the standard
continuum framework of micromagnetism [6]. Here we present multiscale-multimodel simulation
studies on the field-driven vortex domain wall dynamics in a softmagnetic nanocylinder. These
domain walls contain a Bloch point in their center. The simulations have been performed for fcc
and for bcc lattice structures. The code enables us to determine precisely the position of the Bloch
point in the atomic lattice during its motion – with a spatial resolution of a few picometers. By
projecting the position of the Bloch point at different time steps into the primitive unit cell of the
lattice, we show that its probability density is almost exclusively localized onto the surface of the
Wigner-Seitz cell, as shown in the example of a bcc lattice displayed in Figure 1. By calculating
the Bloch point position every few femtoseconds, we obtain detailed information on its pathway
and velocity within the unit cell. We find that the pathways tend to avoid certain facets of the
Wigner-Seitz cell due to variations in the exchange energy landscape. Our results demonstrate the
impact of the crystal lattice on the mobility and on the pathways of Bloch points in crystalline
ferromagnets.
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Figure 1: The set of positions of a Bloch point during its propagation in a bcc lattice, projected into a region
of three adjacent primitive unit cells, shows that certain facets
and edges of the Wigner-Seitz cell are preferential positions.
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Among all the steps involved in DD simulations, the computation of the isotropic elastic
interaction forces and the global energy of the system are by far the most resources
consuming. However hierarchical algorithms like the Fast Multipole Method (FMM) are
intrinsically well suited for the fast evaluation of such long-ranged interactions. Our
experimentations were performed on the core program OptiDis making use of the open source
ScalFMM [1] library as a generic algorithm to balance near- and far-field computations. The
development of dislocations-specific P2M/L2P operators was required as the continuum theory
of dislocations involve interactions between segments in terms of double line integrals given by
Mura’s formula [2].
Difficulties implied by the evaluation of these interactions (e.g. tensorial structure, non-symmetry
or even the non-homogeneity of the non-singular formulation introduced by Cai et al [3])
combined with a relatively low required accuracy brought us to develop specific approximation
methods of the far-field. Namely, an approximation based on Lagrange polynomials of order p
and an efficient application of the FMM operators in Fourier space (O(p3) in both memory and
time) were developed in order to overcome the high computational cost of variants such as the
Chebyshev-based FMM [4] (O(p6)). This method was first suggested by Eric Darve in the context
of a research collaboration. Since then much care has been taken toward maintaining the stability
of the new method in a range of p suitable to DD simulations.
Meanwhile, the near-field is evaluated by means of analytical formulas provided by Arsenlis et al
[5] and requires a rather performant implementation as it is the critical step of any
FMM-accelerated DD simulation. Regarding parallelism, our code benefits from a hybrid
OpenMP/MPI paradigm. Finally, an accurate handling of topological elements intersecting
the structure of the octree was considered. The latter feature implied careful modifications of
the P2M/L2P operators in order to deal with shared memory model of parallelism.
Numerical results will be presented to show the accuracy of this new approach and its parallel
performances.
[1] ScalFMM: Parallel Fast Multipole Library for Large Scale Simulations
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The continuous increase of computer resources for simulation gives plenty of
opportunities for the development of novel multiscale algorithms combining atomistic
simulations with methods coming from Physics of the continuum. Recently, one of us coauthored a paper detailing a proof of concept for a method allowing the coupling of
molecular dynamics (MD) and Finite Element Methods (FEM), in order to simulate the
mechanical response of nanosystems submitted to an external, possibly non
homogeneous, electric field [1]. In that paper, we considered a 1D system in which the
total energy of the system par unit volume could be split into a "mechanical" atomistic
part (responsible for the cohesion of the system in absence of an electric field) and an
additional "electric" part due to the interaction of the system with an external electric
field. This latter part was then restricted to the interaction energy between electric dipoles
induced by the external electric field on each atom. To avoid any so-called "polarization
catastrophe" we used a Gaussian Dipole Interaction model [2] in which traditional
interaction tensors between point electric dipoles are convoluted with Gaussian functions
in order to take into account the finite extension of the electron cloud of the atoms. The
local Cauchy-Born approximation then allowed us to derive an analytical expression of
the "electric" part of the first Piola-Kirchhoff tensors for the atoms belonging either to a
finite element in the bulk or to the surface finite elements. Numerical comparison of this
scheme with fully atomistic simulations allowed us to validate this method on the
example of a carbon chain.
In this poster, we will show how this formalism can be extended to the analytic derivation
of the "electric" part of the elasticity tensor and include the effect not only of effective
dipoles but also of effective charges [3], [4].
This work was carried out within the framework of the ANR program Mat & Pro
“MAFHENIX” (ANR 2011 RMNP 00502). The authors acknowledge useful discussions
with Harold Park and Zhao Wang.
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Many problems in computational materials science require the quantum mechanical (QM)
accuracy of density functional theory (DFT) simulation, but have structural features which make
simulation domains excessively large, e.g. solute interaction with general grain boundaries (GBs),
dislocations, or crack propagation. Empirical embedded atom potentials in molecular mechanics
(MM), allow much larger systems to be studied at the expense of reduced accuracy. Moreover,
the development of new potentials for alloy systems is time consuming and thus not attractive for
studies of solute behavior. In these cases quantum chemical accuracy in a local region is required
while still being able to access the large-scale structures calculable in MM. While such methods
are well established for quantum chemistry, methods for metals are still less mature.
To this end we develop a concurrent multiscale coupling
method following the work of Lu et al. [1,2]. In the
method we are building on, the system is decomposed
into two regions: a small QM core region embedded
within a much larger MM region, shown schematically
in figure 1. In this way, interesting chemistry can be
calculated with high accuracy in the QM region while
still interacting elastically with a much larger
structure—one that is not constrained to be periodic in
the small QM region.
Since most common DFT codes for metals use a plane
wave basis set with periodic boundary conditions
(PBCs), isolation of the QM region in this method
Figure 1: Schematic of embedding,
typically results in the formation of a vacuum interface.
with solute (green) evaluated in QM
Without careful treatment, these surfaces can create very
region (red) sitting at a GB which is
only periodic on the scale of the MM
strong electronic perturbations penetrating deeply into
region (blue).
the QM region and creating fictitious forces, damaging
the perception of the QM region that it is embedded in a
larger system. We present a strategy to mitigate this problem by replacing the vacuum interface
with one that is electronically much less extreme.
As a test system we study the binding of solutes to a high symmetry boundary in Al which can be
validated against periodic DFT calculations. Special attention is paid to the quality of the
QM/MM coupling so that errors due to the treatment can be isolated and evaluated critically,
allowing us to assess the efficacy and robustness of our improvements to this method. While
results for GBs are presented, the model remains applicable to metallic systems in general.
[1] C. Choly, G. Lu, W. E, and E. Kaxiras, Phys. Rev. B 71, 094101 (2005)
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The presence of dislocations in anisotropic elastic media not only exerts traction force on
free surfaces, but also causes traction discontinuity across grain boundaries. To account
for the elastic interaction between dislocations and interfaces, the traction force due to
dislocation stress field has to be first evaluated before an image stress field in response
can be determined to ensure the traction free boundary condition at surfaces and traction
continuity at grain boundaries. For realistic microstructures, this problem of elastic
interaction between dislocations and interfaces can only be solved through the coupling
of dislocation dynamics code and finite element solver. The traction force is then
calculated by integrating the dislocation stress field over a discretized interface area.
In anisotropic elasticity theory of dislocations, the analytic form of Green’s function does
not exist. Aubry and Arsenlis [1] have used spherical harmonic series to approximate the
derivative of Green’s function, and developed an accurate and efficient approach to
calculate dislocation stress field and interaction force between dislocations via analytical
integration of the spherical harmonic series. In this work, we will present an extension of
this approach to calculate the traction force on a discretized interface area, which is also
based on an earlier work of analytical surface traction integration in isotropic elastic
media [2]. The accuracy and efficiency of the current implementation is evaluated by
comparing with direct numerical integration of the derivative of Green’s function and
obtained dislocation stress field. How the traction force is affected by the anisotropic
ratio will also be investigated.
[1] S. Aubry, A. Arsenlis, MSMSE, 21, 065013 (2013)
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Molecular dynamics (MD) simulation has become one of the most powerful tools to
study dislocation processes. It enables an atomistic level of understanding of the
mechanisms through which dislocations respond to stress and interact. However,
computational limitations restrict MD investigations to very high strain rates (107 s-1 and
above). Even high experimental strain rates are typically below 104 s-1. To bridge this
time scale gap, we use an acceleration method called hyperdynamics [1]. This method
has the potential to speed up barrier crossing events by several orders of magnitude, and
is well suited to study dislocation glide because dislocation motion is typically controlled
by a series of barrier crossing events.
We apply this method to study the dislocation in magnesium crystals. Magnesium has an
hcp crystal structure, a more complicated slip and twin system as compared to metals of
fcc or bcc crystal structures, e.g., copper, aluminum and iron. For example, there are
three slip planes in magnesium, basal, prismatic and pyramidal, all having significant
contributions under stress. The interaction between these three slip planes is sensitive to
the magnitude of the external stress field. It is therefore very desirable to have a method
that allows study of dislocation dynamics over a wide range of strain rates.
The key to the hyperdynamics method is to
choose a smart bias potential to facilitate
barrier crossing events while keeping the
potential landscape near energy barriers
unchanged. The hyperdistance [2] method
is used to detect transitions associated with
atoms in the dislocation core, and a bias
potential is designed based on this metric.
The embedded atom model developed by Liu et al.[3] is used in this study. The MD
simulations are performed using LAMMPS package, modified in house for the
implementation of hyperdynamics.
[1] Voter, A.F., A method for accelerating the molecular dynamics simulation of infrequent
events. The Journal of Chemical Physics, 1997. 106(11): p. 4665-4677.
[2] Kim, W.K. and M.L. Falk, Accelerated molecular dynamics simulation of low-velocity
frictional sliding. Modelling and Simulation in Materials Science and Engineering, 2010. 18(3):
p. 034003.
[3] Liu, X.-Y., et al., EAM potential for magnesium from quantum mechanical forces. Modelling
and Simulation in Materials Science and Engineering, 1996. 4(3): p. 293.
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We describe our progress in the development of a new scale-bridging proxy application
and its use in the ExMatEx exascale co-design center [1]. The proxy app combines the
coarse-scale LULESH Lagrangian continuum mechanics proxy application with
embedded plasticity models that provide the fine-scale constitutive material response.
The fine-scale models include both simple flow-rule-based plasticity models and the
spatially resolved viscoplastic, micro-structure-resolved polycrystal plasticity model
implemented in the VPFFT proxy application also under development in ExMatEx.
The goal of this effort is to provide a flexible platform for investigating multiple
questions related to the design of future exascale computing platforms and their
associated software ecosystems. Based on the premise that a likely paradigm will consist
of simulations of multiple scales running on different parts of the machine, many
questions arise with respect to the algorithm and system software requirements of such
heterogeneous approaches. Our starting point is the strategy developed in [2],[3] for
similar purposes on petascale platforms, which also introduced the use of adaptive
sampling as an effective method for allowing the simulation to dynamically learn the
fine-scale response and apply it to reduce the cost of future constitutive model
evaluations. An important component of ExMatEx is the characterization of the
workflow for job schedulers and databases resulting from such multiscale, heterogeneous
approaches. We expect the proxy application to also provide a useful tool in the
development and analysis of new scale-bridging algorithms.
This work was performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344.
[1] http://exmatex.org
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[3] J. Knap et al., Int. J. Num. Meth. Eng. 76 (2008), pp. 572-600.
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Dislocation dynamics (DD) simulations have been developed to advance the understanding of
crystal plasticity in terms of the evolution of dislocation microstructures. In 2D DD models,
dislocations are assumed to be infinitely long, parallel lines that are represented by a set of points
on a 2D plane perpendicular to the lines. The simplicity of the 2D model (compared with the 3D
line DD model) allows us to examine a number of important physical and computational issues
that have been largely ignored to date.
For example, a group of dislocations on the same glide plane will end up on different (parallel)
planes after the original planes are cut by dislocations moving on an intersecting glide plane.
Similarly, dislocations on different (parallel) planes can also be brought to the same plane by
intersecting slip. This has been suggested as a mechanism that promotes formation of persistent
slip bands (see figure 1). However, this mechanism is automatically excluded in existing DD
models because the glide planes of non-screw dislocations remain unchanged throughout the
simulation. We developed a method to account for shifting of dislocation glide planes by
intersecting slip. The method is combined with the non-singular formulation of dislocations, as
well as the newly developed analytic solution to the conditional convergence problem in 2D DD
models [2]. The predictions of this new model are compared with previous results in the literature
to show the effect of slip plane cutting on dislocation microstructure evolution and crystal
plasticity.

Figure 1. The process of intersecting slip proposed by Laird [1]. (a) A stable multipolar
dislocation structure, before being cut by dislocations on intersecting slip planes. (b)
After dislocations on intersecting slip plane have cut across the dislocation structure, the
latter becomes unstable against massive annihilations.
This work was supported by the US Department of Energy, Office of Basic Energy Sciences,
Division of Materials Sciences and Engineering under Award No. DE-SC0010412.
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In the last few years, nanotube-polymer composites have become a subject of interest in
the materials science due to their extraordinary mechanical properties in combination
with low density and high resistance to corrosion. It is of great interest to establish the
link between nanostructure and macroscopic mechanical properties of nanocomposite,
i.e., between type and concentration of reinforcements and toughness of material.
Molecular dynamics gives the opportunity to build such multi-level models with great
predictive capabilities.
On the molecular level, nanoreinforcement-matrix interaction models predominantly use
two different approaches: atomistic simulations and coarse-grained (CG) simulations. In
this work we discuss and compare the results of atomistic and coarse-grained simulations
of polyethylene matrix with multiwall carbon nanotube (MWCNT) nanoreinforcements
under different loading conditions. Simulations are held within single model so that
properties of intra - and intermolecular interactions are transferred from atomistic to CG
level. Besides the mechanical properties of the material attention is given to the accuracy
maintenance during coarse-graining and its benefits in the context of parallel efficiency
on high-performance supercomputers.

Identification of dislocations by singular value decomposition of the Nye tensor
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Nowadays, atomistic simulation has become a popular tool for gaining fundamental knowledge
of materials. In making fast extraction of mec hanistic information from simulation data,
powerful analysis algorithms that can automatically identify the structural information play a key
role. Though dislocations are important defects of materials, it is only until recently that the
features of dislocations, including perfect, partial and secondary dislocations, can be
automatically extracted from simulation datasets with a method developed by Stukowski et al
[1]. However, this useful method is rather complicated. Extending from the pioneer work by
Hartley and Mishin [2], we recently proposed a dislocation identification algorithm based on
the singular value deco mposition of the Nye tensor [3]. This method ca n directly extract atoms
located at the dislocation cores and junctions respectively by non-trivial singular values, σ1 and
σ2. The Burgers vector direction and local line direction are defined by two singular vectors
corresponding to σ1. Hence, dislocation type (edge, right-hand or left-hand screw) can be
determined. The core structure of a dislocation is provided by the distribution of σ1, which is
proportional to local Burgers vector content. This method is easy to follow and results provided
by the method are simple to interpret. The method is also general, since it is applicable to
perfect, partial and secondary dislocations. In the meanwhile, the method provides precise
dislocation information reaching to an atomic level (Fig. 1). This method is also robust to thermal
fluctuation and loss of atoms (even up to 40%!). This presentation will review this newly
developed method and provide application examples.
Figure 1. Dislocation features in an 8o [111]
twist grain boundary identified by the present
method. The filled and hollow circles are atoms
in the top and the bottom crystal, respectively.
The contour plot shows the distribution of σ1.
Dislocation cores are in blue, while junctions
are in purple. Arrows represent the local
Burgers vectors (black) and local line directions
(red). All dislocations are <112>/6 right-hand
screw partial dislocations. The areas separated
by dislocations consist of two types of triangular
regions. The upright triangles represent the
regions
with normal stacking sequence,
while the upside
down ones represent the stacking fault regions.
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First-principles study on the mechanical property of high-entropy alloys by MaxEnt
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The importance of entropy in the structure formation of condensed matters is
convincingly exemplified by the discovery of high-entropy alloys (HEAs) [1]. The higher
the temperature, the more important the entropy. The high configurational entropy acts as
the decisive role in HEA phase solidification. The atomic structure model is usually
created through finding the optimized configuration with the minimum system energy for
the traditional alloys in a theoretical work. However, the maximum entropy configuration
in line with the principle of maximum entropy (MaxEnt) should be the first consideration
in HEAs model building. The HEAs bulk models were created by MaxEnt principle, and
the paracrystalline lattice properties of these alloys were studied by molecular mechanics
simulations [2,3]. In this work, the supercell models with periodic boundary condition are
created for FCC CoCrFeMnNi and BCC AlCoCrFeNi HEAs by MaxEnt modeling. By
means of the built models, the mechanical properties of the two HEA alloys are studied
by first-principles calculation within the framework of the density-functional theory.
The procedure of the MaxEnt model building in
this study is similar to our previous work [3],
except that a periodic boundary condition is used to
convenience for DFT calculation. Figure 1 shows
the periodic MaxEnt model of 2D AxB1-x (x=0.15)
random-substitution alloy in a 20×20 square lattice
for an illustration of the technique. A series of
n×n×n MaxEnt models with n=2, 3, 4 and 5 are
created for FCC CoCrFeMnNi and BCC
AlCoCrFeNi HEAs. The elastic constants of these
models are calculated by using the cell-volumeFigure 1: Periodic MaxEnt model
unrestricted energy-strain method [4]. The elastic
of 2D AxB1-x (x=0.15) randomconstants of the two HEA phases are obtained from
substitution alloy.
these theoretical results through numerical data
interpolation. the synergistic effect in the elements
movement is observed during the structure deformation under strain in these HEA phases.
This work was supported by the National Basic Research Program of China (No.
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Quantum-Atomic-Continuum-Coupled Model for the Thermo-mechanical Behavior in
Micro-nano Simulation
Tiansi HAN, Junzhi CUI
LSEC, ICMSEC, Academy of Mathematics and System Sciences, CAS, Beijing, 100190 China
In order to study the thermo-mechanical behavior of materials in micro-nano scale, a
computational model which couples quantum-atomic-continuum natures together is presented in
this paper (i.e. QACC model). Unlike traditional methods, the transition region is not needed
since the nonlocal mechanical effects are naturally involved in this model. Some necessary
assumptions are made when using first principle density functional calculations. Deformations
based on Bravais lattice are explicitly derived.
The responses of 3-demensional 25313 copper atoms nanowires under different external loads
are simulated in this paper. Stress and strain fields are calculated and dislocation distributions are
predicted in the damage process (shown in Figure 1). Numerical results confirm the validity and
transferability of this model.

Figure 1 a)

Figure 1 b)

Figure 1 a) xz component of the Cauchy-Green strain tensor and b) xz component of the
first Piola-Kirchhoff stress tensor under tension on the middle plane.
This work is supported by the National Basic Research Program of China (973 Program
No. 2012CB025904), and also supported by the State Key Laboratory of Science and
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The phase field formulation represents a versatile and widely used instrument for simulations of
evolving phase interfaces in solidification and crystal formation. We consider the Stefan problem
with surface tension for pure substance solidification and the corresponding phase field model
[1]. Furthermore, we introduce a general description of three dimensional surface energy
anisotropy by replacing the Euclidean spatial metric by a more general Finsler metric [2]. The
model currently works with 4-fold, 6-fold, and 8-fold anisotropies.
The resulting problem is solved numerically by means of the method of lines, using our original
multipoint flux approximation (MPFA) finite volume scheme [3,4] with low numerical diffusion
for spatial discretization and the proven high order adaptive Runge-Kutta-Merson method for
temporal integration. The parallel implementation of the numerical algorithm achieves very good
scalability, allowing fully three dimensional simulations with very high resolution (Fig. 1).

Figure 1: Sample simulation result
of crystal growth with 6-fold
anisotropy

The main part of the contribution is concerned with the
validity of the numerical results, which is verified by
experimental convergence analysis. In the isotropic
case, an analytical solution of the sharp interface
problem can be used for comparison, which provides
simultaneous verification of both the phase field
formulation and the numerical solution. In anisotropic
cases, various comparisons indicate that the MPFA
scheme opens up the possibility of using coarser meshes
in contrast to standard finite volume schemes while still
capturing the complex dendritic structure of the crystal.
Further simulations cover the cases of Wulff shape
formation in long term crystal evolution under adiabatic
isolation and the transition from dendritic to seaweed
structure with weakening anisotropy.
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Multiscale Dynamic Simulations and Microstructure of Dipole Colloid
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The microscopic structures of dipole colloid are crucial for understanding dynamics
behaviors of dipole colloid system. By adopting our multiscale continuum electricalhydrodynamic model [1], we study microscopic structures and dynamics response of
induced dipole colloid (i.e. Electro- rheological fluid). According to our numerical results,
microscopic structure of dipole particle can be properly used to explain the shear thinning
effect when applied electrical field is perpendicular to the shear direction. Deformation of
dipole chains at high shear rate leads to reduction of dipole particle interaction and weak
ER effect even in high electrical field region. In the dynamic response shear stress, we
show that while our predicted results have features that resemble Bingham fluids, there
can be important differences between our results and Bingham model, such as
experimentally proved shear-thinning effect. In particular, we study dipole particle
structures near maximum dynamics shear stress and found they have similar chains break
as static yield stress region. The external field dependence relation of max dynamic stress
and static stress also follow same energetic dominated rule. We also find one inter digit
electrical field configuration which can avoid shear thinning effect by arrange microscope
dipole structure to be partial parallel to shear stress[2]. From our results, we establish a
connection relationship between micro-particles’ structures and macro-dynamics
properties in different conditions through our continuum study, which expose the physics
inside of induced dipole fluid dynamics.
This work was performed under the auspices of the The National Natural Science
Foundation of China (NSFC) under grant No.11274240. The authors acknowledge useful
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Adaptive Resolution Simulation of an Atomistic Protein in MARTINI Water
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We present an adaptive resolution simulation of protein G in multiscale water [1]. We
couple atomistic water around the protein with mesoscopic water, where four water
molecules are represented with one coarse-grained bead, farther away. We circumvent the
difficulties that arise from coupling to the coarse-grained model via a 4-to-1 molecule
coarse-grain mapping by using bundled water models, i.e., we restrict the relative
movement of water molecules that are mapped to the same coarse-grained bead
employing harmonic springs. The water molecules change their resolution from four
molecules to one coarse-grained particle and vice versa adaptively on-the-fly. We observe
within our error bars no differences between structural and dynamical properties of the
protein in the adaptive resolution approach compared to the fully atomistically solvated
model. Our multiscale model is compatible with the widely used MARTINI force field
and will therefore significantly enhance the scope of biomolecular simulations.
This research was supported in part by the National Science Foundation under GrantNo.
NSF PHY11-25915. J.Z. and M.P. acknowledge financial support through Grant Nos. J14134 and P1-0002 from the Slovenian Research Agency. M.N.M. acknowledges funding
(Veni Grant No. 722.013.010) from the Netherlands Organisation for Scientific Research
(NWO).
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Multiscale simulation of atomic structure in the neighborhood of nanovoids
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The voids play a significant role in the processes of material structure forming, diffusion
phase transformations, swelling, etc. Therefore it is necessary to develop the methods of
determining the defects characteristics. Also it’s obvious that defect characteristics are
determined by the atomic structure. Atoms surrounding defect shift from the sites of ideal
lattice, e.g. defect atomic structure changes with respect to an ideal one, that in turn leads
to changes in interaction energy of neighbor atoms and results in modification of defect
energy characteristics and other features. Generally displacement fields in the vicinity of
point defects as well as nanovoids were determined by the solution of equations from the
classical theory of elasticity. Such a description has its disadvantages as it doesn’t take
into account the discrete atomic structure of materials. Results of classical elasticity
theory are expected to be valid at distances from a defect that are much larger than the
lattice parameter which is a characteristic feature of discreteness, therefore the quantities
of atom displacements in the vicinity of such defects as vacancies, vacancy complexes
and nanovoids should significantly differ from the predictions of these displacements
obtained by means of theory of elasticity. In our recent works a new approach was
developed [1,2]. In particular in this approach an iterative procedure was used in which
the atomic structure in the vicinity of point defect and constant, determining the
displacement of atoms embedded into an elastic continuum with accordance with
asymptotic solution of equations from the classical theory of elasticity, are obtained in a
self-consistent manner. The vacancy features (including formation volumes and
migration volumes) obtained for a number of cubic metals agreed well with experimental
values. In this work we use our approach for direct investigation of the atomic structure
in the vicinity of vacancy complexes and nanovoids in some fcc and bcc metals. The
fields of displacements in the vicinity of nanovoids are significantly more complicated
and with much bigger magnitudes of displacements than in the vicinity of vacancies. In
addition, the displacement significantly different for variant crystallographic directions,
and these differences are particularly large in metals with bcc structure.
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