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Dislocation Microstructure
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Mughrabi (1871 S 5 = :; 2 B
Dash (1957) Sottler (197 1‘ by 7 > ::
Spiral source Cell structures at different Single dislocations
deformation stages
Important features of the microstructure
a Total line length/density a Dislocation motion/transport

m Dislocation sources m Lattice distorsion
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Classical Continuum Dislocation Measures ﬂ("'
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Total line length per unit volume

<l

Typical (local) evolution law: | 9;p = f(%,p)| Transport neglected!

O Nye’s dislocation density tensor
‘ a = curl (H) ‘ SSDs neglected!

H?: plastic displ. gradient

1
Ti1 T
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GNDs ./ ssDs XX
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Smooth Dislocation Bundles ﬂ("'

Mura (1963) stiute o Technology
Parallel Dislocation density vector

dislocations

Effective 'Number’ of penetration points
Neg = [, k-da,

er Dislocation flux into A
New = = [y, (K x V) -erds,

:>‘ Ok = —curl (k x v) ‘

Closed evolution equation
Holds if nearby dislocations are parallel!

How to treat non-parallel dislocations?
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Concept of lifted dislocations ﬂ("'

Hochrainer (2006); Hochrainer, Zaiser and Gumbsch (2007) e

Lift the dislocations Lifted parallel curves

Q according to their | )ﬁ/
local orientation ¢ L L

1 P

a: Lift factor (const.)

If curvature depends on position and orientation k = k(z1, 22, ¢, t):

Adjacent lifted dislocations are parallel!
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Concept of lifted dislocations
Hochrainer (2006); Hochrainer, Zaiser and Gumbsch (2007)
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Density vector of lifted dislocations &' = p’’e]’

p!l : Density of lifted dislocations
el’ : line direction

Velocity of the lifted dislocations V =v + ades
v: real dislocation velocity
9J: angular velocity

Evolution equation (by analogy) k' = —curl (k" x V)

Planar projection of k'’ Derivation of orientation dependent
density p? (1,22, @, t) = ar' -

€]

27
Total dislocation density p(z1,m2,t) = [ pPde
0
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Averaged Theory

Hochrainer, Zaiser and Gumbsch (2010)
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Continuum Dislocation Dynamics (CDD)

Evolution equation of lifted Equivalent: Evolution equations of density
dislocation density vector p¥ and curvature k
O™ = —curl (K‘,H x V) Op? = —div (p?v) — 9, (p¥V) + pPkv
kT = %el + pPkes O(p?k) = —div (p?kv — p¥ier)

Averaged/Simplified Theory (sCDD)

. . Averagin
Averaged field variables o

Higher-dimensional
theory (CDD)

plw1,ma,t) = [T pdy F
p_k(l‘h T2, t) = OQW pPkde Simplified theory
n o (sCDD)
K = fO p“foe,jdip @/ N
Averaged evolution equations o j

- g T<y
Op = —div (KZLI/) + pkv z

Generalization to “lifted” curves

opk = —div (p_k:/p vk + p/2 Vpu)
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Comparison of Dislocation Theories
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2nd Mughrebi (1979), Mecking o

e

=
S Local density
s evolution models
ootet | pmet
ko = (0) annihilation calibration
dislocation terms required
transport
neglected
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Coupling to Crystal Plasticity ﬂ("'
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Single slip framework

Additive decomposition grad (u) = H =H®+ H?
Plastic distorsion H? =vyd®@n=~vM
Elastic strain e® =sym (H)
Stress o = Cle°]
Resolved shear stress T=0-M

Coupling equations

Orowan equation 4 = pbv
Overstress modell v = vysgn (1) <%>p
Taylor hardening 7¢ =75 +aGb\/p
PDEs
divie) = 0
Op = —div (F-'JLV) + pkv n

ook = —div (pk/pvet +p/2%0) L] o
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Dislocation Starvation Simulation 1

Initial conditions et cossy
plx,t =0) = po = const.
U k(x,t=0) = ko>1/L
= p_k(a:,t = 0) = poko

High viscosity required for stabilization
L

Videos 1, 2, 3

= Homogeneous distribution of small loops .
Force displacement curve
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Dislocation Starvation Simulation 2 ﬂ("‘
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Initial conditions
p(x,t = 0): concentrated at center
k(x,t =0)=ko>1/L

Uo

I Videos 4, 5

= Inhomogeneous distribution of small loops

Figure: Initial configuration Figure: After loading
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Numerical results ﬂ(".
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Initial conditions

Uo p(x,t=0) = po= const.
Kz, t=0) = ko>1/L
= pk(xz,t =0) = poko

L

= Homogeneous distribution of small loops .
Force displacement curve
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Conclusion AT
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m There is a need for a continuum theory of dislocations to bridge the
scales
Concept of lifted curves — physically based continuum theory
Takes into account

m SSDs & GNDs

a transport

m curvature
Fits into crystal plasticity framework

Facilitates the simulation of effects like
dislocation starvation

e
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