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@ Continuum theory of dislocations with large deformation
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Dislocation avalanches are like earthquakes on the micron scale

Dislocation avalanches are like earthquakes on the micron scale,
PD Ispanovity, D Ugi, G Péterffy, M Knapek, S Kaldcska, D Tiizes, |. Groma,
Nature communications 13 (1), 1975 (2022)
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Large elastic deformation: Lagrangian description

is described by the function X(X)
jonal derivation

—W = E[x(X) + 6x(X)] — E[&] = — / f(x(X))o%(X)d*X = — / g—iéi(X)d?’X =0

Rigid body translation:

o Ox;
o X;

=

The energy is a functional of ¢, so
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Large elastic deformation: Lagrangian description

is described by the function X(X)
jonal derivation

—6W = E[x(X) + 6x(X)] — B[] = — / f(x(X))ox(X)d3X = — / géi(f()d?’x =0

Rigid body rotation:

(ﬁikaj = 5ij) J

N | =

€ij =

The energy is a functional of ¢, so
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Plastic deformation

Fyj = F5,F2 J

nds on only the elastic deformation

(FmoF PFpp P —Jij) = % ( PCopFP — 5; j) J

&8
l\DIr—\

From this

Functional derivative with respect to Fi;p

OB =P _

OE dejy SFP —
SFGP U beg dFP Y

B(FGP +8F5P) - B(FP) = Fip S 020K 5P

1
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Individual dislocation

Dislocation
line

Cut surface

F} = i + binjd(¢) = & + B J

What is F,.j_”?
What is the inverse of something containing a Dirac delta?
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Individual dislocation

eff _ t me 2PK
i _Flprlalj J

Peach Kohler force?
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Dislocation loops

Variables p'(7, ), q'(F, ) = p'k and v(7, ¢) )
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Evolution of the loops

L = (cos p,sin p, k) = (I, k)
a' = p'(re)L(r,p) @b
V(,¢) = (vsingp, —vcos ¢, —L(v))
L = cos pdx + sin 8y + kdy,

Lie derivative (3D)

Evolution of the generalized dislocation density tensor

8ta’ = £va'

Diva = 0
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Dipole approximation

Bubnov-Galerkin weighted residual method in Fourier space
P'(F,¢) = p(F) + 2x1(F) cos ¢ + 2k2(F) sin ¢

v(F, ©) & v (%) 4+ v (F) cos o + vI(F) sin o

d'(F,¢) = a(f) + Q2(F) cos p — Qu(7) sinp
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Plastic potential

: oP . oP . oP
Plp, 713, k1, k2,9] = gp‘f‘ %’YB 4F 7

[(....)vm (e (....)vg] dv <0

q] dv

Il
—

“Chemical potentials"

6P 6P
H < Hag =
P op 4= Jq )
Stress like variables
5P Y 5P
= —— = 9y G =
T fr— Tmf + Oy — oy o = Tmf + Th
1
w = bp [Orbto)o + (Byha)a+ 8y (Mappp)],
1
= ~p [(Oxtt0)p - (Du11q)a + 9xOhzpipp)]
J
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Dynamics
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Plastic potential

Plasti ntial

P[&, p, 113, £1, K2, d] = P™ [p, y13] + P [p, k1, k2, ]

Corse grained fields
P™E[p, y13]

Correlations

.D- 2
et = [0 oon (2) 48 o (5)] o

) = ax if x <<1
X = 5 0i0f x— o0

displacement field:

P _,

o

& [Fpoi ] =0
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Patterning

of instability: 77 = aub,/p
Length sca tion: P [p, k12, q]

P is convex! No LEDS!

No reaction terms!

2D and 3D are practically the same

The instability is " massive *
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Generalization

d Zaiser (2018)
ocks-Mecking)

p=Blinsl(vp - 1)

pa = —Alnzlp = —A'|v7|p?

Bp = —0upvd) + 0y (pvE) + By (™) — Bu(mav™)
+qv™ + Mpdyvi — Xapdvs + pa
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Annihilation, FR and other sources

rved quantity

da = 0x(—avi +v"@) +9, (av +v"Q2) J
Extra terms
Annihilation
. q. .
da = —pa = —Aql|s J
p
FR source+ ...
4s = Blv"|p1p J

Further "local terms* like cross slip, junction formation?
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Multiple slip

Yield stress

FR source+ ...
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Stochastic term

7Y is an independent variable

Deterministic case

Stochastic case

1 -
oY = —(aGb)zT—Yatp + (X, t)

< 8(X,1)8(X, t') >=1777
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Summary

inuum theory obtained on a systematic manner

ication (doable)

termination (doable)

@ Incorporating local events (junction formation, cross slip, ...) (?)

e Adding random aspects (doable)

Details in:
Istvan Groma, Péter Dusan Ispanovity, Thomas Hochrainer, Dynamics of curved dislocation
ensembles, Physical Review B, 103, 174101, (2021)
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