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Computations of polycrystalline aggregates
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@ Representative volume element sizes for polycrystals
@ Bulk copper
@ Copper thin sheets
@ Equiaxial vs. pancake grains in zinc coatings



Boundary conditions

¢ Kinematic uniform boundary conditions (KUBC) :

u=Ex VxeoV

1
<€>:1/€dV:E and Z£<0'>:/0'dV
e Static uniform boundary conditions (SUBC) :

on=2xXn VYxcodV

~

~

1
<a'>:1/0'dV:Z and E£<s>:/st
VI~ ~ ~ ~ V Iy~

e Periodicity conditions (PERIODIC) :

u=Ex+v Vx eV, v periodic
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@ Representative volume element sizes for polycrystals
@ Bulk copper



RVE size for elastic isotropic bulk copper
polycrystals
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RVE size and integral range

Z(x) a local random variable (volume fraction, Young's modulus, ...)
The variance D%(V) of apparent property Z for a volume V is
taken as

A3z
D3(v) = 03

where D% the local variance of Z :

D2 = P(1 — P) for volume fraction (Z = P)

D? = P(1— P)(u1 — p2)? for a two—phase material
and Aj is the integral range

For volume fraction (Z = P) and Voronoi mosaics, & = 1 and

A3 =1.18 [Gilbert, 1962]
for elastic bulk copper polycrystals Az = 1.43

Representative volume element sizes for polycrystals 8/39



Statistical definition of the RVE

For a sufficiently large number n of realizations, the mean apparent
property Z lies in the interval of confidence

e, 2Dz(V)

NG

The relative precision on the mean is therefore :

2Dy(Vv)  2Dzy/()°
Crel = nzeff T /nZef

For given precision and number of realizations, the size of the RVE

is defined as 2
4
Veve = A3 | —2—
RVE 3 <”62e/ Zeff)

[Kanit et al., 2003]
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@ Representative volume element sizes for polycrystals

@ Copper thin sheets



RVE size and thin sheets
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@ Representative volume element sizes for polycrystals

@ Equiaxial vs. pancake grains in zinc coatings



Continuum crystal plasticity theory

multiplicative decomposi-
tion [Mandel, 1973]

F = F°.F?,

~ '~

n
FPEPL =) " 4°ps
s=1
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~

Hardening law

e
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Schmid law
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A* =< 7| T l|< r >" signr®
n
rf=r+ qz h* (1 — exp(—bv"))
r=1
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Mechanical behaviour of zinc coatings in galvanized
steel sheets

K7

b N\

ND = (3)

TD=(2
RD = (1)

Symmetrical

e in—plane grain
size d,

e coating
thickness
h =10 pm,

e investigate
ratio d/h =1
(equiaxial)
and 50
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Deformation mechanisms in zinc coatings

+ H.C.P avec ¢/a=1.856
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Substrate effect on pancake grains

011 in grain 11 092 in grain 11
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Relative grain size effect in zinc coatings

€11 at the interface
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@ Grain size effect in polycrystals
@ Cosserat single crystal plasticity
@ Homogenization of Cosserat media
@ Hall-Petch effect in ferritic steels



Grain size effect in polycrystals
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In classical continuum crystal plasticity there is no absolute grain
size effect # physical metallurgy!
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© Grain size effect in polycrystals
@ Cosserat single crystal plasticity



Dislocation density tensor

/;\ resulting Burgers vector

bzfg—l.dx
A== C
:/g.ndS
S

o

o~ with

K a = —curl E7!

\\ in other words,
P
/\ E

a=<b®f >
Kp U Ke
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Nye's relation (1953)

T
(@) circuit de Burgers autour  (b) densité scalaire de dislocations a=K' — (trace K ) 1

d'une surface élémentaire définie comme la longueur de
de cristal traversée de lignes lignes de dislocations dans un
de dislocations volume donné

lattice curvature tensor
K=oaV

lattice curvature due to
edge dislocations

lattice torsion due to
screww dislocations

i 4

() flexion de réseau associée 2  (d) torsion de réseau associée a
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Cosserat crystal plasticity model

—— A
F

‘F=R"F, *K=R"K

~ ~ ~? ~ ~ ~

K
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Plasticity of thin layers

Reur

periodic
simple shear test: classical
solution

[Ashby, 1970]

classical continuum crystal plasticity cannot account for lattice
curvature close to the interface (boundary layer effect)
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Plasticity of thin layers

periodic
- shear test : Cosserat solution
(elastic)

[Ashby, 1970]

Role of continuity requirements at the interface: displacement,
lattice rotation, stress and couple stress vectors
[Forest, Sedlacek 2003]
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© Grain size effect in polycrystals

@ Homogenization of Cosserat media



Multiscale asymptotic expansions for heterogeneous
Cosserat media

e macroscopic scale variable x, zoom aty = x /e

e involved length scales: ¢ = 1/L,,, I.

e asymptotic expansions
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Effective balance equations
e Case 1: Cosserat = Cauchy
g°=C(y):e(y), m°=¢cD(y):«(y)

<q0>.VX+£ =
—§:<q0>—|—g

o

e Case 2: Cosserat = Cosserat
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Auxiliary problem on the unit cell

e periodic fluctuation
u=Ey+v, ¢ =Ky+vy, VyeV
e balance and constitutive equations
ocV,=0, mV,=0
g =C:(u®V,), '11=Q:(9®Vy)

~

e Hill-Mandel’s condition

where
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© Grain size effect in polycrystals

@ Hall-Petch effect in ferritic steels



Grain size effects in polycrystals
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Lattice curvature in a ferritic steel

EEEEEOCC NN
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additional hardening R°(0°) = Q. /Z |07

[Zeghadi, 2004]
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Grain size effect in a ferritic steel

Microplasticity: plastic strain

A 5 ) O O 0 1 | (]

0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.003 0.006 0.009 0012 0.015 0.018 0.021
0.0015 0.0045 0.0075 0.0105 0.0135 0.0165 0.0195 0.0015 0.0045 0.0075 0.0105 0.0135 0.0165 0.0195
min:0.000568 max:0.016015 min:0.000002 max:0.017065
150pm 10pum

[Zeghadi, 2004]

Grain size effect in polycrystals 33/39



Grain size effect in a ferritic steel

Microplasticity: lattice rotation

EREEECOC NN A () o O O

0015 0.003 0.0045 0.006 0.0075 0.009 0.0105 0.002 0.004 0.006 0.008 0.01 0012 0.014
0. 000750 002250.003750.005250.006750. 008250 00975 0.001 0.003 0.005 0.007 0.009 0.011 0.013
min:0.000001 max:0.009853 min:0.000000 max:0.010442
150pum 10pum

[Zeghadi, 2004]
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Grain size effect in a ferritic steel

Microplasticity: lattice curvature
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[Zeghadi, 2004]
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Grain size effect in a ferritic steel

Microplasticity : local stresses

¢ HEERNEOC O N Ill (]
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[Zeghadi, 2004]
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Grain size effects in a ferritic steel
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[Bouaziz, 2002]
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Conclusions and prospects

o Cosserat crystals: an old story (Kréner, Mura...)

e Alternative continuum models for dislocated crystals

continuum advantages drawbacks continuity
Cosserat easy skew—symmetric part? o]
implementation a
second grade non geometrical phenomenological v° Dpu
effects
gradient of scalar number of DOF P
internal variable
homogenization rigorous generality ot p”

discrete/cont.

mathematical structure

e quantitative predictions: additional hardening laws...

e other applications: crack tip plasticity, precipitate or particle

hardening

Conclusions
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