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Intermediate (or relaxed) .~
configuration -~ s n'

* deformation/velocity gradient
characterizes local (at material ~ Reforenee =y
point) change/rate of change
of shape and size

Current
configuration

> - yx)

Infinitesimal

* material point model| neighborhood of x

connects stress (response) to
strain (boundary cond.)

material
constitutive

* finite strain plasticity i
introduces multiplicative
decomposition with
intermediate configuration

* solution of elastic/plastic strain
partitioning requires LP from
constrtutive model
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check out the source code...

crystallite.f90
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dislocation slip

Unslipped single crystal fixed
at top end.

lextension

Single crystal after plastic
deformation by tensile stress
in the direction of the arrow.

=lip occurs on distinct parallel
planes.

from www.msm.cam.ac.uk/doitpoms
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dislocation slip

lextension

Unslipped single crystal fixed Single crystal after plastic
at top end. deformation by tensile stress
in the direction of the arrow.
=lip occurs on distinct parallel
planes.

from www.msm.cam.ac.uk/doitpoms
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slip systems in face centered cubic structure




shear from slip

d/




plastic velocity gradient

LP

(LP)4;
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8563'
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resolved shear stress

Slip plane normal n _
Applied force F = oA

Cross-sectional area A

slip plane
slip direction

Tensile axis

from www.msm.cam.ac.uk/doitpoms

uniaxial

) = g cos ) cos M)
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resolved shear stress

Slip plane normal n _
Applied force F = oA

Cross-sectional area A

uniaxial

) = g cos ) cos M)

slip plane
slip direction

general

70 = §: (b gn@)

Tensile axis

v

from www.msm.cam.ac.uk/doitpoms
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room-temperature deformation resistance in fcc metals

€

* low strain-rate sensitivity

* largely monotonic decrease
o in strain hardening

coefficient




bhenomenological description
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sign 7

deformation kinetics W(O‘) = Yo

B\ “
microstructure evolution 7‘50‘) — Z qos No (1 Ic ) 1(5)
B



bhenomenological description

drawbacks

* Independent of temperature
* Independent of strain path

* Independent of grain size



dislocation density-based description

basis | b A
Y= 7
¢
= bonv
ISsues

* parameterization of
microstructure

* velocrity of dislocations

e evolution of microstructure



dislocation structure parameterization (elewing Ma & Roters 2004

density on each system

o witha=1,...,12



dislocation structure parameterization (elewing Ma & Roters 2004

projected perpendicular density
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dislocation structure parameterization (elewing Ma & Roters 2004

projected parallel density
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dislocation structure parameterization (elewing Ma & Roters 2004

derived mobile density
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dislocation structure parameterization (olowing Eiseniohr & Blum 2005)

(specific) dipole density



dislocation structure parameterization (olowing Eiseniohr & Blum 2005)

(specific) dipole density



dislocation structure parameterization (olowing Eiseniohr & Blum 2005)

(specific) dipole density



dislocation structure parameterization (olowing Eiseniohr & Blum 2005)

(specific) dipole density

0% witha =1,...,12

o) with a =1,...,12

a (?é)
Y = g;:p with aa=1,...,12
1 G b

hepon < h < h{®) =
pon = 115 8m(1 —v) 7o)



dislocation—forest interaction
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dislocation—forest interaction
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dislocation velocity

thermally activated forest cutting

@ = Ny sign (7‘<O‘)> X

Qslip : T(g)v(a)
h e
exp ( T sin T




dislocation velocity

thermally activated forest cutting

Qslip : T(g)v(a)
h | 22—
exp ( T sin T

Vi = bl Ag




dislocation velocity

thermally activated forest cutting

@ = Ny sign (7‘<O‘)> X
Qslip : T(g)v(a)
h | 22—
exp ( T sin T
V) =l Ax

/o (QSEX))—Oﬁ



dislocation velocity

thermally activated forest cutting

@ = Ny sign (7‘<O‘)> X

Qslip : T(g)v(a)
h e
exp ( T sin T




dislocation velocity

thermally activated forest cutting

0@ = A9y aacsign (T(O‘)> X A
Qslip : T(g)v(a)
h [ °
exp( T sin T
i = 1T -7

{T(O‘) — 3 Gb\/gﬁa) + Q](q?) if T(O‘)\ > Téggs

0 otherwise



dislocation structure evolution
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check out the source code...

constitutive. 90



