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Linear stability analysis of discrete
dislocation systems
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Motivation

Large stochastic fluctuations arise
during the deformation of small (few
um) crystalline samples
Makes predictable deformation
impossible
Power-law distributions characterize
intermittency

[(170] |

The question of universality is still I
[111] 112
open

What physical processes affect the
critical behaviour and how?
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Outline

2D discrete dislocation dynamics model

Extended criticality and effect of quenched pinning

Local yield thresholds

Anomalous scaling

Linear stability analysis
Dynamical correlations in the system
Prediction of events

Quenched pinning



2D dislocation model

2D DDD
Parallel edge dislocations in single slip
Periodic boundary conditions
Number of dislocations: N

Sign of dislocations: s. = T 1

Stress-field of an individual
dislocation: Ty

Overdamped motion:

N
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Relaxation from a rando

m 1nitial state

Average absolute velocity:
(lo(@)|) xt™, «a=~0.87

The cut-off t_ diverges with
system size
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F. F. Csikor et al., JSTAT, 2009; P. D. Ispdnovity et al., PRL, 2011



Jamming

The system is

always critical
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Effect of quenched pinning

= A
o - . .
s Strong pinning, non-critical dynamics
A new length-scale leads to: 2
1.0 — 1.3 — Gaussian =
. . . . ope S [Pinning
jamming — pinning — non-critical =
dyncmics _ Sustained plastic flow
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Conventional DDD _ External stress
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Micropillar deformation

Alloying introduces a length-scale

Critical = smooth dynamics
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Burst size, X (nm)

[Zhang et al, Acta Mater. (2017)]
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Stochastic modelling

What should be the threshold distribution of the stochastic
model?

What is the size of the Representative Volume Element?
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[Ispdnovity, Tizes, Szabd, Zaiser, Groma, PRB, (2017)]
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Local yield threshold|distribution

T A
| Cumulative distribution of 7!/ I
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Number of links: M o 16

Average stress increment: A1 oc L™

Average strain jump: A~y oc L™

Local yield thresholds are correlated
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Linear stability analysis

EOM: () = s; |Text + Y 8Ty (7s(t) = 75(8)) | =: fi(t);  %:(t) =0

J7F1
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Linear stability analysis

J71

Dyn. matrix: Aij (ri,...,rN) =
S$i8;0pTxy(Ti — 75), else.

{ — Sy Z Sjaway('ri - rj)? if ¢ = j7

N
Eigenmodes: ZAijug.") — e(”)ugn)

1=1
‘ When one eigenvalue
gets negative the
ility analysis
S Sju(_n) satability y
AZ; = Text Z Je(n) ’ uﬁ”) breaks down — event

The displacements are
P
1 proportional to the

given eigenvector
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[Derlet, Maass, PRE (2016)]
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Wide distribution of eigenvalues
—1

4
Participation number: PN = Z (ugn))

1
Large number of soft modes with large number of participant
dislocations
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Individual
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Individual events

Large event
Invioves ~40
dislocations

Close to

instability:

fold catastrophe

average speed
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Color code:

Fourier weight
corresponding to
wavelenghts

k, = 27an/lL

participation number

participation number
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Addition of quenched disorder

Quenched pinning points

with short-range potential:
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Without pinning 2

With pinning Z
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Dynamical matrix describes local heterogeneities of the
energy landscape

Transition from extended to depinning-like criticality

Opens new possibilities to understand system dynamics:

Exploring relevant internal length scales through dynamical
correlations

Long- and short-range, RVE in stochastic modelling
Predictions of avalanches
Local yield threshold distribution
Additional effects: Peiers-stress (friction) or multiple slip systems

Can be generalized to 3D systems




