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Outline

1. Discrete multiscale models for fibrous materials

2. Discrete multiscale models for metals

3. Future research plans for metals
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Fibrous material 1: electronic textile
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Fibrous material 1: electronic textile
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Fibrous material 1: elect
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Fibrous material 2: paper materials
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Fibrous material 2: paper materials
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Fibrous material 2: paper materials
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Quasicontinuum method (Tadmor et al, 1996)

E(interpolation) E(summation)
T— B—

- Ideal for local events in large-scale lattice computations
- Underlying lattice fully resolved where needed

- No continuum/constitutive assumptions
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Virtual-power-based QC framework

Electronic textile
%A S
NN VAN
NN NN
R /N




electronic textile

Results
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Results: electronic textile

Failure surfaces
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fiber sliding in paper materials

Results

99 unit cells
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Results: fiber sliding in paper materials

Horizontal displacement, relative to the uniform displacement
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QC for atomistics

Lomer di-pole in 2.5D FCC system (EAM

Vertical displacement [A] Vertical displacement [A] Error [A]
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QC for atomistics

Vacancy in 3D FCC system
(LJ-potential)
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Total number of atoms: 1,074,344
Atoms for DOFs: 8732 (0.8%)
Sampling atoms: 55,744 (5.1%)
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Research plans for QC method applied to metals

\ Elastoplastic trusses (local dissipative mechanism)
v Nodal sliding (non-local dissipative mechanism)

v Atomistics (conservative but highly nonlocal)

\ Beams

v Irregularity




Open-cell Al foams with functionally graded Ni coatings

Anne Jung
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Open-cell Al foams with functionally graded Ni coatings

Spannung / MPa
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Enhanced discretisation technique for crystal plasticity

Hussein Rappel 3

Daniel Balint ArcelorMittal
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Advantages:
1. Easy remeshing

T)_’- | \ 2. Grain boundary fracture

3. Growth/shrinkage of crystals
(Raabe, 2012)
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Multitime modelling for low cycle fatigue of crystal plasticity
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Fast Fourier Transformation for RVEs

I — 500 Mpa.

Comparison FFT/FEM 2 elastic plastic phases ' = 100 Mpa,
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Summary

v QC method for dissipative systems (springs/beams, regular/irregular)
v QC method for conservative systems (atomistics)
- QC method for dissipative graded systems (open-cell Al foams)

- Enhanced disretisation technique for crystal plasticity




Virtual-power-based QC framework

Dissipative lattice model based on a Coleman-Noll procedure

Kinematic variables u & history variables  z
Internal energy E=)"E
Virtual-power Wit =W fore VU
Internal power Py =E+D
T aE T aE

Energy rate E = PR A

y =l (f... —2E) ;T
Dissipation rate D=u (fmt c’)u) Z az20




Virtual-power-based QC framework

Apply 2 QC reduction steps to

Dissipative lattice model based on a Coleman-Noll procedure

Kinematic variables u=Yu & history variables z
Internal energy E =)esE;
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Virtual-power U W fir=U W f e Yu
Internal power Piny =FE +D
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Virtual-power-based QC framework

Summation
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Virtual-power-based QC framework

Electronic textile
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Virtual-power-based QC framework

Electronic textile
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electronic textile

Results
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Results: electronic textile

Failure surfaces
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